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SIE   JOSEPH  HOOKER 

BY   WHOSE  EESEARCHES 
BOTANICAL   SCIENCE    HAS   BEEN    SO  GREATLY 
AND    TO   "WHOSE  FRIENDSHIP 
I   OWE    SO  MUCH 


PEEFAOE 


The  germination  of  plants  is  certainly  not  the  least  interesting 
portion  of  their  life-history,  but  it  has  not  as  yet  attracted  the 
attention  it  deserves.  The  forms  of  cotyledons,  and  the  fact 
that  they  differ  so  much  from  the  subsequent  leaves,  had 
of  course  been  alluded  to  more  or  less  fully  in  botanical  works, 
but  no  explanation  had  been  offered,  and  Klebs  ^  in  a  recent 
memoir  expressly  states  that  the  problem  is  still  an  enigma. 

Under  these  circumstances  it  seemed  to  me  that  the  sub- 
ject was  very  promising,  and  it  was  evident  that  Kew  would 
afford  unrivalled  opportunities  for  such  an  investigation.  I 
applied,  therefore,  to  Sir  Joseph  Hooker,  and  I  cannot  too 
cordially  thank  him,  as  well  as  his  successor,  Mr.  Thiselton 
Dyeb,  and  indeed  the  whole  of  the  staff,  for  the  facihties  they 
have  offered  me,  and  for  their  valuable  assistance  in  many  ways. 

I  have  also  to  thank  Mr.  Carruthers  and  the  Trustees 
of  the  British  Museum,  Mr.  Lynch  and  the  authorities  of 
the  Cambridge  Botanic  Gardens,  and  other  friends,  especially 
Mr,  Hanbury,  for  the  gift  or  loan  of  many  rare  or  interesting 

'  Beitr.  zur  Morphologic  u.  Biologic  der  Keimung  :  '  Im  Allgemeinen  sind 
uns  diese  Verschiedenheiten  in  den  Blattformen  hinsichtlich  ihrer  biologischen 
Bedeutung  f iir  die  Pflanze  ein  mthseV —Untersuch.  Bot.  Instit.  m  Tubingen 
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specimens.  By  degrees  a  large  store  of  material  accumulated, 
which  I  made  use  of  for  several  papers  which  the  Linnean 
Society  has  done  me  the  honour  of  pubUshing  in  their  Journal. 
I  thought,  however,  that  it  would  be  well  to  publish  descriptions 
and  figures  of  the  more  interesting  species,  especially  as  many 
of  them  are  not  often  grown  from  seed,  and  are  therefore  not 

easily  procurable. 

The  seedUngs  were  drawn  in  most  cases  either  by  Mr. 
Htsnm,  or  by  my  assistant,  Mr.  Fraser,  to  whose  skill  and 
ability' I  am  greatly  indebted.  In  the  classification,  etc.,  I 
have  followed  Bentham  and  Hooker's  great  work,  the  '  Genera 
Plantarum.'  My  time  has  latterly  been  so  much  occupied  with 
other  matters  that  Mr.  Eendlb  has  been  good  enough  to  see 
the  book  through  the  press.  Sir  Joseph  Hooker  has  also  most 
kindly  looked  through  the  proofs,  and  made  many  valuable 
suggestions,  for  which  I  beg  to  offer  him  my  very  warm  thanks. 

High  Elms,  Down,  Kent. 


A  CONTEIBUTION 


TO  OUK 

KNOWLEDGE  OF  SEEDLINGS 


INTRODUCTION.! 

Forms  op  Leaves. 

I  have  elsewhere  ^  called  attention  to  the  forms  of  leaves,  and 
discussed  the  causes  to  which  we  may  ascribe  the  endless 
differences  which  they  present.  Vertical  leaves,  for  instance, 
are  generally  long  and  narrow,  horizontal  ones  have  a  ten- 
dency towards  width,  which  brings  the  centre  of  gravity 
nearer  to  the  point  of  support.  Wide  leaves,  again,  are  some- 
times heart-shaped,  sometimes  palmate.  The  former  shape  is 
obviously  that  which  would  arise  if  a  linear  leaf  were  gradually 
widened  at  the  base ;  and  I  have  pointed  out  that  in  many 
species  with  palmate  leaves — for  instance,  species  of  Passiflora, 
Cephalandra,  Hibiscus,  &c.— the  first,  or  few  first,  leaves  are 
entire  and  more  or  less  cordate.  The  cordate  form,  then,  ap- 
pears to  be  the  early,  the  palmate  a  later  form.  But  how  has 
the  palmate  form  arisen  ? 

The  origin  is  perhaps  connected  with  the  manner  in  which 
the  leaves  are  folded  up,  more  or  less  like  a  fan,  into  the  bud, 
so  as  to  save  space. 

Another  advantage  perhaps  is  that  in  cordate  leaves  wdth 

'  This  Introduction  is  taken  from  the  Journal  of  the  Linnean  Society 
(Botany),  vol.  xxii.  and  vol.  xxiv. 

'  Flowers,  Fruits,  and  Leaves  (Nature  Series),  Macmillan  &  Co.  See  also 
various  papers  in  the  Journal  of  tJie  Linnean  Society. 
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veins  following  the  curvature  of  the  leaf— as,  for  instance,  in 
Tamus  (fig.  1)— the  vascular  bundles  pursue  necessarily  a 
curved  course ;  while  in  palmate  leaves,  as  in  Acer  (fig.  2),  the 
veins  are  straight ;  and  it  is  clearly  an  advantage  that  the 
main  channels  which  convey  the  nutritive  fluid  should  hold  a 
durect  course.  In  such  cases  the  leaf  naturally  assumes  the 
lobed  form  with  a  vein  running  to  the  point  of  each  lobe. 
There  has  indeed  been  some  question  whether  the  path  of  the 
sap  lies  mainly  in  the  cell-walls  or  in  the  cell-cavities ;  but 
the  evidence  seems  to  point  strongly  to  the  latter  view.'  The 
tracheids  of,  say,  the  Yew  '  are  at  least  seventy  or  eighty 
times  as  long  as  they  are  broad,  so  that  in  traveUing  trans- 


FiG.  1.— Leaf  of  Tamus,  to  show  the 
curved  course  of  the  veins. 


Fig.  2. — Leaf  of  Sycamore,  to  show 
the  straight  course  of  the  veins. 


versely  the  length  of  a  single  tracheid  the  water-current  has 
to  traverse  seventy  cell- walls  instead  of  one.'  ^ 

In  reply,  then,  to  the  question  why  some  plants  should 
have  cordate  leaves  with  curved  veins,  while  others  have 
palmate  leaves  with  straight  ones,  I  suggested  that  the  first 
retains  the  old  form  of  leaf,  while  the  latter  has  assumed  one 
which  presents  certain  advantages. 

In  my  book  on  Flowers,  Fruits,  and  Leaves,  I  have  also 
given  some  account  of  the  causes  which  have  determined  the 
form  and  structure  of  seeds  and  fruits. 

These  considerations  naturally  led  me  to  the  study  of 
cotyledons. 

'  See  for  instance  Darwin  and  Phillips,  '  On  the  Transpiration  Stream  in 
Cut  Branches,'  Proc.  Cambridge  Phil.  Soc.  vol.  v.  =  Loc.  cit.  p.  364. 
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No  one  who  has  ever  looked  at  seedlings  can  fail  to  have 
been  struck  by  the  contrast  which  the  cotyledons  afford,  not 
only  to  the  final  leaves,  but  even  to  those  by  which  they  are 
immediately  followed. 

Let  us  then  take  certain  plants  (especially,  as  far  as 
possible,  the  commonest  and  most  familiar),  and  see  what 
light  can  be  thrown  on  the  varied  forms  which  their  seedlings 
present.  Look,  for  instance,  at  the  familiar  Mustard  and 
Cress  ;  the  first  (fig.  3)  has  kidney-shaped  cotyledons,  one  of 


Fig.  3.— Seedling  of  Mustard 
(Brassica  nigra),  x  8. 


Fig.  4.— Seedling  of  Cress 
(Lepidium  sativum),  x  3. 


them  rather  larger  than  the  other  :  while  the  Cress  {Lepidium 
sativum)  (fig.  4),  on  the  other  hand,  has  the  cotyledons  divided 
into  three  lobes.  The  Pink  (Dianthus)  (fig.  22)  has  broad 
cotyledons,  the  Chickweed  (CerastiAim)  (fig.  23)  narrow  ones  • 
those  of  the  Beech  (fig.  13)  are  fan-shaped  in  outline  ;  those 
01  the  Sycamore  (fig.  9)  shaped  almost  like  a  knife-blade ;  those 
of  Eschscholtzia  (fig.  40)  divided  like  a  hay-fork ;  those  of 
the  Bean  or  Acorn  thick  and  fleshy. 

Mustard  and  Cress  were  the  delight  and  wonder  of  our 
childhood;  but  at  that  time  it  never  occurred,  to  me  at  least, 
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to  ask  why  they  were  formed  as  they  are,  and  why  they 
differed  so  much.  So  they  grew,  and  beyond  that  it  did  not 
occur  to  me,  nor  I  think  to  most,  that  it  was  possible  to  in- 
quire. 

I  now  propose,  however,  to  suggest  reasons  which  may 
account  for  some,  at  any  rate,  of  these  differences. 

In  previous  memoirs  I  have  discussed  the  causes  which 
regulate  the  forms  of  seeds,  and  will  not  now  therefore  enter 
into  them.  I  may,  however,  observe  that  the  shape  of 
the  cotyledons  seems  to  have  little,  if  any,  influence  on  that 
of  the  seed. 

,  -        Ovule  and  Seed. 

The  seed  of  a  flowering-plant  contains  a  more  or  less 
highly  developed  embryo,  which,  after  a  certain  time,  will, 
under  favourable  conditions,  resume  growth,  emerging  from 
the  seed-coat  to  produce  the  young  plant  or  seedling.  In  the 
section  of  flowering-plants  known  as  Gymnosperms,  and 
including  the  Conifers  and  Cycads,  the  seeds  are  borne  naked 
on  an  open  scale,  while  in  the  far  larger  section  of  the  Angio- 
sperms  they  are  protected  till  ready  for  dispersion  in  the 
closed  cavity  of  the  Fruit. 

The  seed  is  the  result  of  the  fertilisation  of  the  ovule  by 
the  pollen.  The  effect  of  fertilisation,  however,  extends 
beyond  the  ovules  to  the  ovary  in  which  they  are  contained, 
causing  often  immense  increase  in  size,  as  well  as  important 
structural  changes.  The  ovary  thus  becomes  the  fruit  as  the 
ovule  has  become  the  seed. 

Sometimes  the  effect  extends  still  further  to  other  parts  of 
the  flower,  which  thus  persist,  usually  with  increased  size  or 
change  of  structure,  and  form  part  of  what  is  then  termed  a 
pseudocarp  or  false  fruit.  In  the  apple,  for  instance,  the 
edible  portion  consists  of  the  greatly  developed  floral-recep- 
tacle, which  includes  the  ovary  as  its  core.  The  ovules  are 
borne  usually  on  some  definite  part  of  the  ovary  waU  or  walls 
known  as  the  placenta.  They  consist  of  an  internal  portion, 
the  nucellus,  one  cell  of  which  grows  at  the  expense  of  the 
rest  to  form  an  embryo-sac,  which  again  contains  the  egg-cell 
or  oosphere,  and  one  or  two  integuments  entirely  surrounding 
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it  except  at  the  apex,  where  a  small  aperture,  known  as  the 
micropyle,  is  left.  In  the  process  of  fertilisation  the  pollen- 
tube  passes  down  the  micropyle  to  the  oosphere  which,  enclosed 
in  the  embryo-sac,  approaches  very  close  to  the  outer  wall  of 
the  ovule  at  this  point.  After  fertilisation  the  oosphere 
develops  into  the  embryo,  the  rest  of  the  embryo-sac  becom- 
ing filled  with  a  cellular  tissue,  the  endosperm,  containing  a 
store  of  food  for  the  young  plant.  This  is,  however,  some- 
times re- absorbed  before  germination,  so  that  the  embryo  occu- 
pies the  whole  interior  of  the  mature  seed.  The  original  sub- 
stance of  the  ovule,  the  nucellus,  is  often  completely  displaced 
by  the  embryo-sac,  and  the  subsequent  development  of  endo- 
sperm in  its  interior.  One  or  two  layers,  however,  may  per- 
sist and  share  with  the  integuments  in  the  formation  of  the 
seed-coats.  Occasionally,  as  occurs  in  the  Nymphasacese, 
Piperaceae,  and  some  of  the  Scitaminese,  a  considerable  portion 
of  the  nucellus  remains  in  the  mature  seed,  sharing  with  the 
endosperm  the  function  of  storing  reserve  material,  or  it  may 
quite  take  the  place  of  the  endosperm. 

There  is  considerable  variety  in  the  position  and  arrange- 
ment of  parts  of  the  ovule  and  subsequently  of  the  seed. 
They  are  attached  to  the  placenta  by  a  stalk  or  funicle,  the 
point  of  connection  with  the  funicle  being  called  the  hihm. 
Vascular  tissue  supplying  nutriment  runs  up  the  funicle  into 
the  integuments,  and  the  point  reached  before  the  nutritive 
vessels  ramify  is  the  clialaza. 

In  some  cases  usually  where  there  is  only  one  ovule  in  the 
ovary  or  ovary-cell,  as  e.g.  in  Buckwheat  or  Nettle,  the  ovule 
stands  erect,  and  the  micropyle  is  opposite  the  hilum,  which  in 
this  case  coincides  with  the  chalaza.  The  ovule  is  then  said 
to  be  orthotropous  >  or  straight.  But  this,  though  the  simplest, 
is  the  least  common  form  of  seed.  More  often,  as  in  the  Bean, 
Chickweed,  and  many  others,  the  ovule  during  its  growth  is 
curved  on  itself,  so  that  the  apex  and  the  micropyle  are  brought 
down  very  near  to  the  base.  Such  ovules  are  known  as  cam- 
pylotropous  or  curved. 

'  Figures  of  the  various  positions  of  the  ovule  are  given  in  various  text- 
books ;  see,  for  instance,  Prantl  and  Vines'  Text-book  on  Botany,  ed.  4,  p.  173 
fig.  130 ;  or  Asa  Gray's  Structural  Botany,  p.  278. 
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In  a  third  category  tlie  ovule  itself  is  straight,  but  it  stands 
as  it  were  at  right  angles  to  the  base  of  attachment.  These 
are  called  lialf-anatrojmis  or  half-reversed. 

Lastly,  in  a  very  large  number— in  fact  the  largest— 
the  ovule  is  quite  inverted  on  its  base ;  the  funicle,  or  stalk, 
growing  with  its  curvature,  and  forming  a  sort  of  ridge 
or  raphe,  which  is  very  conspicuous  in  the  ovule,  but  gradually 
becomes  less  and  less  apparent,  finally  becoming  merged  in 
the  seed-coat.  The  chalaza  is  thus  carried  right  away  from 
the  hilum  to  the  opposite  end,  and  the  whole  ovule  or  seed 
is  reversed,  so  that  the  true  base  is  removed  from,  and  the 
true  apex  brought  close  to,  the  point  of  union  with  the 
ovary.    Such  are  called  anatropous  or  reversed. 

Now  this  seems  a  very  curious  and  roundabout  arrange- 
ment. It  is  described  in  all  works  on  general  Botany,  but 
those  which  I  have  seen  do  not  give  any  explanation  of  its 
object  or  purpose.  I  will  for  the  moment  omit  any  consi- 
deration of  campylotropous  and  half-anatropous  seeds,  and 
confine  myself  to  orthotropous  and  anatropous  forms. 

In  most  orthotropous  species,  as  for  instance  in  the  Buck- 
wheat, the  ovule  is  straight,  upright,  and  attached  by  its  base 
to  the  funicle  and  base  of  the  ovary.  At  the  free  end  is 
the  micropyle,  and  immediately  below  it  the  egg-cell,  which, 
when  fertihsed  by  the  poUen,  becomes  the  rudiment  or  embryo 
of  the  future  plant.  When  the  pollen  falls  on  the  stigma  it 
soon  pushes  out  a  little  tube,  which  rapidly  elongates,  passes 
into  the  cavity  of  the  ovary,  and  entering  the  micropyle  of 
the  ovule  fertilises  it. 

But  ovules  thus  constituted  are,  as  I  have  already  men- 
tioned, exceptional.  In  a  great  many  plants  the  ovule,  instead 
of  being  upright  and  attached  to  the  base  of  the  ovary,  is,  on 
the  contrary,  attached  to  the  summit  and  pendent.  Now  in  a 
pendent  orthotropous  ovule  the  micropyle  is  turned  away  from 
the  pollen-tube,  and  the  object  and  effect  of  the  ovule  being 
reversed  or  anatropous  is  to  bring  it  back  into  a  convenient 
position  for  fertilisation.  So  also,  when  there  are  many 
ovules,  the  result  of  the  anatropous  arrangement  is  again  to 
bring  the  micropyle  into  a  suitable  position. 

The  structui-e  and  arrangement  of  the  ovule  have  been  the 
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subject  of  various  important  memoirs,  which,  however,  have 
been  almost  exclusively  descriptive.  Dalmer  ^  indeed  quotes 
Schleiden,  who,  speaking  of  Berberis,  pointed  out  that  among 
the  normal  anatropous  ovules  here  and  there  one  occurs  which 
is  orthotropous,  and  that  these  never  develop  into  seeds  ('  Die 
Befruchtung  der  Ovule  scheint  mir  aber  in  ganz  bestimmter 
Beziehung  zu  dem  vorgeschriebenen  Lauf  der  PoUenschlauche 
zu  stehen,  denn  stets  beobachtete  ich,  dass  diese  regelwidrige 
atropen  Eichen  unbefruchtet  blieben ').  The  pollen-tubes, 
however,  would  naturally  follow  the  regular  course  ;  and  we 
could  not,  I  think,  deduce  a  general  conclusion  from  such  rare 
and  abnormal  cases.  Dalmer  himself  does  not  seem  to  have 
done  so ;  for,  after  referring  to  the  different  forms  of  ovules, 
he  observes  that  '  sometimes  the  form  of  the  ovule  appears  to 
be  adapted  so  as  to  facilitate  the  entrance  of  the  pollen-tube ' 
('  scheint  zuweilen  die  Gestalt  des  Ovulums  dem  Eintritt  des 
PoUenschlauches  angepasst  zu  sein  ').  Even  here,  then,  the 
explanation  I  venture  to  suggest  seems  referred  to  rather  as 
an  exceptional  occurrence  than  as  a  general  explanation  of 
this  remarkable  arrangement.  It  must  be  admitted  that  there 
are  some  cases  in  which  the  anatropy  of  the  ovule  appears  at 
first  sight  rather  disadvantageous  than  otherwise.  Most  of 
these  can,  I  believe,  be  explained,  while  in  some  it  is  possible 
that  the  plants  retain,  even  perhaps  to  their  present  disad- 
vantage, an  arrangement  inherited  from  an  ancestral  condition 
in  which  it  was  beneficial.  I  hope,  however,  to  enter  into  this 
question  more  fully  on  a  future  occasion. 

The  mature  seed  contains  the  more  or  less  differentiated 
embryo,  in  some  cases,  as  in  Larkspur  {Delphinium)  (fig.  104), 
very  small,  consisting  only  of  a  small  basal  portion  the  radicle', 
which  on  germination  gives  rise  to  the  primary  root,  and  one 
(Monocotyledons),  two  (Dicotyledons),  or  several  (Conifers) 
seed-leaves  or  cotyledons,  sheathing  a  microscopic  plumule— 
from  which  the  future  stem  is  developed.  The  rest  of  the 
space  is  occupied  by  the  mealy,  oily,  fleshy,  or  horny  endo- 
sperm. In  other  cases,  as  in  the  Ash  (Fraxinus)  (fig.  46)  or 
Castor  on  (Ricinus)  (fig.  52),  the  embryo  is  much  larger,  and 

ZciL.Tsto'p^'Is?'*""^      PoUensohliiuche  bei  den  Angiospermen,'  Jenaisch 
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we  find  a  little  miniature  plant,  generally  white,  sometimeB 
green,  but  still  embedded  in  endosperm.  In  others,  again,  the 
endosperm  is  reduced  almost  to  a  film,  as  in  Hippophae  (fig. 
53),  and  finally,  as  in  the  Bean  (fig.  51),  the  embryo  occupies 
the  whole  seed,  and  the  nourishment  intended  for  the  young 
plant  is  stored  up  in  the  cotyledons  themselves.  Similarly,  in 
a  Walnut,  the  two  halves  of  the  seed  are  filled  by  the  two  coty- 
ledons, and  attached  to  them  may  be  found  the  Httle  plantlet 
with  a  dehcate  white  radicle,  and  a  little  plumule  bearkig  five 
or  six  minute  rudiments  of  leaves,  often  just  tipped  with 
green. 

The  Bean  and  Walnut  are  instances  of  exalhmiinous  or 
non-endospermic  seeds,  while  those  containing  endosperm  (or 
perisperm)  are  termed  albuminous.  The  seed-coat  is  double 
in  cases  where  the  ovule  was  provided  with  two  integuments, 
the  outer  coat,  or  testa,  developed  from  the  outer  integument, 
being  the  stronger  and  often  crustaceous  in  texture.  The 
inner  coat  or  tegmen  is  thin  or  soft  and  delicate,  conforming 
closely  to  the  surface  of  the  endosperm  or  embryo.  It  is 
developed  chiefly  from  the  inner  mtegument  of  the  ovule,  and 
is  therefore  wanting  in  ovules  with  only  one  coat. 

The  testa  is  often  provided  with  appendages  or  outgrowths 
of  very  diverse  form  and  nature,  but  generally  having  refer- 
ence to  dissemination  of  the  seed,  as  in  the  case  of  wings  or 
tufts  of  hair.  A  more  or  less  incomplete  accessory  seed-coat 
is  sometimes  formed  between  the  time  of  fertilisation  and 
ripening  of  the  seed.  This  is  known  as  an  aril.  Good 
instances  are  seen  in  the  Water  Lily  {Nymplicea)  and  the  Yew. 
Crest-like  or  wart-shaped  appendages  developed  durmg  the 
same  period  are  known  as  strophioles  or  caruncles.  The 
Castor  Oil  (Ricinus)  supplies  a  good  instance  of  the  latter. 

Forms  of  Cotyledons. 

I  wiU  now  pass  from  seeds  to  seedlmgs.  No  one  who  has 
ever  looked  at  young  plants  can  have  failed  to  be  struck  by 
the  contrast  they  afford  to  the  older  specimens  belonging  to 
the  same  species.  This  arises  partly  from  dift'erences  in  the 
leaves,  partly  from  the  contrast  which  the  cotyledons,  or  seed- 
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leaves,  afford,  not  only  to  the  final  leaves,  but  even  to  those 
by  which  they  are  immediately  followed. 

This  contrast  between  the  cotyledons  and  true  leaves  is  so 
great  that  one  might  almost  be  pardoned  for  asking  whether 
they  can  be  brought  into  actual  correlation. 

So  far,  indeed,  are  the  cotyledons  from  agreeing  with  the 
forms  of  the  leaves,  that  the  difficulty  is  to  find  any  which 
have  been  clearly  influenced  by  them.  One  species  of  Ipomoea 
(J.  Pes-caprce)  has  both  cotyledons  and  leaves,  as  the  name 
denotes,  somewhat  like  the  foot  of  a  goat ;  but  the  leaves  vary 
considerably,  and  it  is  probable  that  the  resemblance  may  be 
accidental.  A  clear  case  is,  however,  afforded  by  the  Ona- 
grariefB,  where  in  CEnothera  and  some  allied  genera  the  form 
of  the  mature  cotyledons  is  evidently  related  to  the  leaves. 
Even  here,  however,  the  resemblance  is  confined  to  a  basal 
portion  of  the  cotyledon  which  makes  its  appearance  subse- 
quent to  germination,  and  no  trace  of  it  is  shown  in  the  coty- 
ledons themselves  when  they  first  appear. 

The  forms  of  the  cotyledons  in  many  species  have  been  the 
subject  of  special  memoirs  by  Tittmann,  Irmisch,  Wichura, 
Winkler,  Tscherning,  and  other  botanists ;  but  they  have  not 
given  any  reasons  for  the  various  forms  assumed. 

Klebs,  indeed,  one  of  the  most  recent  writers  on  the  sub- 
ject, in  his  interesting  Memoir  on  Germination,^  refers  to  this 
diversity  of  form,  and  expressly  says  that  these  differences  are 
an  enigma  ('  Sind  gewiss  diese  Verschiedenheiten  in  den 
Blattformen  hinsichtlich  ihrer  biologischen  Bedeutung  fiir  die 
Pflanze  ein  Eathsel ').  He  observes,  however,  that  on  the 
whole  the  forms  of  cotyledons  are  much  simpler  than  those  of 
leaves,  and  he  suggests  that  while  in  some  cases  perhaps,  like 
the  first  leaves,  they  retain  the  form  which  characterised  the 
species  in  bygone  ages,  we  may  rather,  as  a  more  generally 
applicable  explanation,  apply  to  them  the  suggestion  of  Goebel 
with  reference  to  stipules,  and  regard  them  as  simplified  by 
arrest.2  Another  suggestion  has  been  that  cotyledons  are  '  a 
survival  of  the  universal  foHage  of  deciduous  trees  m  olden 
geological  days,  ere  time  had  differentiated  them  into  their 

'  '  Beitriige  zur  Morphologie  und  Biologie  der  Keimung,'  Vntcrsucli.  Botan 
Inst.  V.  Tubingen,  1884  (Band  i.  p.  53G).  Loc.  cit.  p.  613. 
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present  varied  forms.'  Even,  however,  if  this  suggestion 
were  the  real  explanation  of  the  comparative  simplicity,  it 
would  throw  no  light  on  the  differences  between  the  coty- 
ledons of  different  species. 


Pig.  5— Seedling  of  Fani- 
culum  vulgare.  Half  nat. 
size. 


Pig.  C— Seedling  of  Coreopsis  FiG.  8.— Seedling  of  Plataiius. 

filifolia.   Half  nat.  size.  Na*-  size. 

Though  cotyledons  do  not  present  nearly  such  extensive 
variations  as  leaves,  still  they  do  differ  considerably  from  one 
another. 

Some  are  narrow,  in  illustration  of  which  I  may  refer  to 
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Fceniculum  (fig.  5),  Coreopsis  (fig.  6),  Ceratocephalus  (fig.  7), 
and  Ferula  (in  the  hollow  stalk,  or  ferule,  of  which  Prometheus 
brought  down  fire  from  heaven),  &c.,  where  the  ultimate 
leaves  are  much  divided  ;  Platanus  (fig.  8)  and  Acer  (fig.  9), 


Pig.  9.— Seedling  of  Ace7-  Pseudo-Platanus.    Half  nat.  size. 
(In  this  and  some  other  figures,  one  (or  more)  of  the  leaves  is  given  in  outline  only.) 


where  the  ultimate  leaves  are  palmate;  and  Chenopodium 
(fig.  10),  where  they  are  more  or  less  triangular. 

Some  cotyledons  are  broad,  in  illustration  of  which  I  give 
figures  of  Eicinus  (fig.  11),  Impatiens  (fig.  12),  Beech  {Fagim) 
(fig.  13),  Brassica  (fig.  3),  Hippophae  (fig.  14),  Kivina  (fig.  15) 


Fig.  10.— Seedling  of  Chenopodium 
Bonus-Henricus.    Nat.  size. 


Fig.  11.— Seedling  of  Bicinns  sanguineus 
One  fourtli  nat.  size. 
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Fig.  14. — Soodlinft  of  Hippophae 
rhamiiotdes.    Half  iiat.  size. 


Fio.  15. — Seedling  of  Rivina 
Icevis.   Nat.  size. 
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Fig.  16. — Seedling  of  Asystasia  coroman- 
deliana.    Half  nat.  size. 


Fig.  18.— Seedling  of  Menispermum 
canadense.    Half  nat.  size. 


Fig.  17. — Seedling  of  Bhus  typJdna. 
Half  nat.  size. 


Fig.  19.— Seedling  of  Linuiti 
monogynum.    Nat.  siao. 


Pia.  28. — Seedling  of  Geras- 
tium  arvense.  Half  nat.  size. 
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Fig.  81.— Seedling  of  Delphiriiuvi  Fig.  32.— Seedlinft  of  Delphinium 

Staphyaagria.   Half  nat.  size.  nudicmde.   Half  nat.  size. 
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Asystasia^  (fig.  16),  Ehus  typhiiia  (fig.  17),  and  Flax  (Linum) 
(fig.  19).  We  find  some  species  with  narrow  cotyledons  and 
broad  leaves,  as  Menispermum  (fig.  18),  while  in  others  the 
cotyledons  are  broad  and  the  leaves  narrow,  as  in  an  Austrahan 
Flax  (Limom  monogynimi)  (fig.  19),  Hakea  (fig.  21),  and  the 
Pink  (Dianthus)  (fig.  22),  &c. 

In  some  cases  we  find  instances  of  broad  and  narrow 
cotyledons  in  the  same  family,  as  in  Chickweed  (fig.  23)  and 
Pink  (fig.  22),  belonging  to  the  Caryophyllaceae ;  sometimes 
even  in  the  same  genus,  as  Gallium  saccharatum  (fig.  24)  and 
Galium  Aparine  (figs.  91  and  92). 


In  some  cases  the  two  cotyledons  are  unequal,  as  in  the 
Mustard  (fig.  3),  Cabbage,  Eadish,  Cereus  (fig.  63),  Pachira  ' 
&c. :  m  some  the  two  halves  of  each  cotyledon  are  unequal 
asm  the  Geranium  (fig.  25) ;  or  they  are  otherwise  unsym- 
metncal,  as  m  the  Lupine,  Laburnum  (fig.  26),  Chtoria  (fia 
27),  Schmus  (fig.  28).  Sometimes  they  are  sessile,  as  Acer 
(fig.  9),  Hakea  (fig.  21),  Laburnum  (fig.  26),  &c. ;  sometimes 

nJr-  nM  ^'^'*'f  coromandeliana  there  is  an  interesting  peculiarity.   The  first 
As  described  by  Mr.  Lynch  {Jotcrn.  Linn.  Soc.  vol.  xvii.  p.  147). 
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Fio.  37.-Seedling  of  Catalpa  Kmrnyferi.       Fu..  /.'"g  j 

Half  nat.  size.  1^*"  ^' 
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they  are  supported  on  petioles,  as  in  Microloma  (fig.  29), 
which  again  are  occasionally  connate.  These  differences  may 
occur  in  very  closely  alhed  species  ;  for  instance,  in  Delphinium 
Staphysagria  (fig.  31)  the  cotyledons  are  sessile,  while  in  D. 
elatum  (fig.  30)  they  are  petioled,  and  in  D.  nudicaule  (fig.  32) 
the  petioles  are  connate. 


Fig.  43.— Seedling  of  Sapindus 
incequalis.    Half  nat.  size. 


Pig.  44.— Seedling  of  Bhii^  Thuiv- 
bergii.    Half  nat.  size. 


Generally  the  cotyledons  are  entire ;  but  sometmies  cre- 
nate,  as  in  Cordia  (fig.  33),  or  lobed,  as  in  Pelargomum  (fig. 
34)  and  Malva  (fig.  35).  Often  they  are  emargmate,  as  m 
Impatiens  (fig.  12),  Mustard  (fig.  3),  and  Cabbage,  Iponi^a 
(fig.  88),  Convolvulus,  Galium  (fig.  92),  Eucalyptus  (fag.  38), 
Pentapetes  (fig.  39),  &c.  They  are  sometimes  even  bifid  as 
in  Eschscholtzia  (fig.  40)  and  Ipomoea  dasysperma  (fag.  bJ) ; 
trifid,  as  in  the  Cress  {Lepidmui)  (fig.  4) ;  or  m  four  long 
lobes,  as  in  Pterocarya  (fig.  41).    Sometimes  auricled  at  tlie 
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base,  as  in  Poterium  (fig.  42)  and  Cuphea.  Sometimes  they 
are  large ;  sometimes  small.  Generally  they  are  leaf-like  ; 
but  sometimes,  as  in  Khus  Thmibergii  (fig.  44),  Sapindus 
(fig.  43),  and  among  Engiish  plants  in  the  Oak,  Nut,  Pea,  Bean, 
MercuriaHs  perennis,i  Melittis  Menssophyllum,^  Nymphasa, 
Nuphar,  Ehamnus  Frangula,  .Trientahs,  Daphne,  &c.,  they  are 
thick  and  fleshy. 


Fig.  45.— a,  Fruit  of  Platanus,  longitu- 
dinal section,  X  6  :  w,  woody  part.  B, 
transverse  section,  x  12. 


Fig.  46.— a,  samara  of  Frax- 
inus  excelsior,  nat.  size, 
with  one  half  removed  and 
the  seed  pulled  out:  pa, 
placental  axis ;  ao,  abortive 
ovule ;  /,  funicle.  B,  longi- 
tudinal section  of  seed.  In 
germination  the  embryo 
grows  to  the  whole  length 
of  the  seed. 


ir  tlT^^  r^^f  otherwise  stated,  c  stands  for  cotyledon;  oc,  outer  cotyledon  • 
;!'e=p:£;tr^^il;ttti  ^'  ^^""-^ 


Narrow  Cotyledons. 

Let  us  now  begin  with  such  species  as  have  narrow 
cotyledons,  and  see  if  we  can  throw  any  hght  on  this  cha- 
racteristic. The  problem  is  simple  enough  in  such  cases  as 
Platanus,  where  we  have  on  the  one  hand  narrow  cotyledons 
(fig.  8)  and  on  the  other  hand  a  long  narrow  seed  (fig.  45,  p) 

■  Winkler,  'Uebor  die  Keimpfian.e  dcs  MercuriaHs  perennig,'  Flora  1880 
Irmisch.  '  Zur  Naturg.  v.  Molittis,'  Bot.  Zeit.  1858,  p.  283. 
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i'ully  occupied  by  a  straight  embi-yo.  Again,  in  the  Ash 
(Fraxinus)  (fig.  46),  Ursinia  (fig.  47),  &c.,  the  cotyledons  he 
parallel  to  the  longer  axis  of  the  seed,  which  is  narrow  and 
elongated.  Such  eases,  however,  are  comparatively  few ;  and 
there  are  a  large  number  of  species  in  which  the  seeds  are 


Pig.  47.— Achene  of  Ursinia  spe-  Fig.  i8.—Chenopodium  Bonus-Menri- 

ciosa.     Longitudinal   section,  cits,  vertical  and  transverse  sections 

X  2i.  Transverse  section,  x  10.  of  seed. 


broad  and  even  orbicular,  while  yet  the  cotyledons  are  narrow, 
as  for  instance  in  Chenopodium  (fig.  48)  and  Menispermum 
(fig.  49). 

A  B  C 


Fig.  49. — Menispermum  canadense. 

A,  germinating,  seedling,  x  2.    B,  vertical  section  of  seed,  x  4. 
C,  transverse  section  of  seed,  x  2. 


In  these  it  will  generally  be  found  that  the  cotyledons  He 
transversely  to  the  seed.  In  Menispermum  (fig.  18)  the 
fruit  (fig.  49)  is  laterally  compressed  and  horseshoe-shaped, 
with  a  crest  along  the  edge  ;  the  seed  (fig.  49,  B)  conforms  to 
the  shape  of  the  fruit,  and  the  embryo  is  curved  and  linear, 
the  cotyledons  being  applied  to  one  another  face  to  face,  and 
at  right  angles  to  the  plane  of  the  seed,  so  that  the  edges  of 
the  cotyledons  touch  the  walls  of  the  seed  at  each  side. 
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The  Sycamore  (Acer  Pseudo-Platanus)  (fig.  9)  has  also 
narrow  cotyledons  ;  but  the  arrangement  is  very  different. 
The  fruit  (fig.  50)  is  winged,  the  seed  somewhat  obovoid  and 
exalbuminous — that  is  to  say,  the  embryo,  instead  of  lying 
embedded  in  food-material,  occupies  the  whole  cavity  of  the 
seed.  Now  if  we  wished  to  pack  a  leaf  into  a  cavity  of  this 
form,  it  would  be  found  convenient  to  choose  one  of  a  long 
strap-like  shape,  and  then  roll  it  up  into  a  sort  of  ball.  This 
is,  I  believe,  the  reason  why  this  form  of  cotyledon  is  most 
suitable  in  the  case  of  the  Sycamore.  The  mode  of  folding, 
however,  as  shown  in  fig.  50,  A  and  B,  is  not  always  the 
same.    I  shall  suggest  a  reason  for  the  difference  further  on. 


Fig.  m.—Acer  Pseudo-Platanus.    Fruit,  nat.  size.    A,  B,  embryo,  showing 
two  modes  of  arrangement  of  cotyledons. 

In  other  species  the  narrowness  of  the  cotyledons  is  perhaps 
an  advantage  in  facilitating  the  exit  from  the  seed.  See,  for 
instance,  the  cases  of  GaHum  (p.  28)  and  Symplocos. 


Broad  Cotyledons. 

I  now  pass  to  species  with  broad  cotyledons.  The  Acorn 
Nut,  Bean  (Phaseolus)  (fig.  51),  and  Pea  afford  famihar  cases 
m  which  the  two  broad,  fleshy,  thickened  cotyledons  conform 
to  and  occupy  the  whole  seed.  In  the  Castor-oil  plant 
{Bicznus)  (fig.  11)  the  seed  (fig.  52)  is  ovoid-oblong,  somewhat 
compressed  dorso-ventrally,  and  beautifully  mottled,  while  the 
prqiectmg  knob  at  the  hilum  gives  it  very  much  the  appear- 
ance of  a  beetle  or  large  tick.  The  endosperm  is  abundant, 
fleshy,  white,  and  surrounds  the  embryo.  The  embryo  is 
straight,  flat,  large,  central,  and  white ;  the  cotyledons  broad 
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obtuse-oblong,  and  approximately  following  the  general  out- 
line of  the  seed.  In  Hippophae  (fig.  14)  we  have  a  somewhat 
similar  case  ;  but  the  cotyledons  are  fleshy  and  occupy  almost 
the  whole  of  the  seed  (fig.  53).  In  Euonymus,  again,  the  seed 
is  obovoid,  slightly  compressed  laterally.    The  endosperm  is 


Fig.  51.— Phaseolus  muUiflorus.    Section  Fig.  52.—Bicinus  sanguine%is. 

of  seed  parallel  and  vertical  to  cotyle-  A,    longitudinal    section  of 

dons,  three-fourths   nat.   size :    a,   a,  seed,  nat.  size.    B,  transverse 

auricles ;  ar,  arillode.  section  of  seed,  nat.  size. 


abundant,  fleshy,  firm,  and  white,  entirely  surrounding  the 
embryo.  The  embryo  is  straight,  flat,  central,  pale  green, 
extending  very  nearly  from  one  end  of  the  seed  to  the  other. 
In  the  Flax  the  seed  is  ovate,  obhquely  pointed,  glabrous, 
plano-convex,  laterally  much  compressed,  placed  edgeways  on 


Fig.  58  — Hippophae  rhcmmoides. 
A,  longitudinal  section  of  seed, 
X  4.  B,  transverse  section  of 
seed,  X  4  :  d  d,  depressed  line. 


Pig.  54. — Moscharia  pinnatifida. 
A,  longitudinal  section  of  seed, 
X  8.  B,  transverse  section  of 
seed,  X  8 :  a  a,  auricles. 


the  placenta,  and  the  cotyledons  lie  parallel  to  the  flattened 
axis  of  the  seed.  In  other  cases  the  seeds  are  'Still  more 
flattened,  as  in  Ailanthus,  Passiflora,  Cobnsa,  Stephauotis,  kc. 

The  Composite  generally  have  narrow  cotyledons.  In 
Moscharia,  however,  they  are  somewhat  broader,  the  seed  (fig. 
54)  being  obovoid,  with  the  cotyledons  lying  the  broad  way. 
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In  many  cases,  seeds  of  the  same  shape  produce  cotyledons 
of  very  different  form. 

Compare  together,  for  instance,  KuelHa  (fig.  55)  and 
Cerastium  (fig.  23  seedling,  and  fig.  56  seed).     Both  have 


A 


FH 


Fig.  55. — Buellia  longifolia.  A,  longitudinal  section 
of  seed,  x  10.  B,  transverse  section  of  seed,  x  10  : 
PH,  fringe  of  hairs ;  LAu,  larger,  and  BAu,  smaller 
auricle. 

compressed,  nearly  orbicular  seeds,  but  in  EuelHa  the  coty- 
ledons are  broad,  in  the  Chickweed  they  are  narrow.  If, 
however,  we  make  sections  of  the  seeds,  the  cause  of  this 
difference  becomes  obvious,  because  in  one  (fig.  55)  the  coty- 
ledons lie  parallel,  in  the  other  (fig.  56)  transverse,  to  the  seed. 


Pig.  5(i. — Cerastium  arvenso,  x  15. 

The  form  of  the  cotyledons  often  differs  greatly  even  in 
the  same  family. 

The  Caryophyllaceas,  for  instance,  afford  us  an  interestin.^ 
Illustration.  The  cotyledons  in  this  family  are  placed  with 
their  backs  to  the  placenta,  and  in  most  species  are  narrow 
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as  in  Cerastium  (figs.  23  and  56).  In  some  of  them,  however, 
such  as  the  Pink  itself  {Dianthus)  (fig.  22)  and  Tunica,  they 
are  wide. 

Now  in  most  genera,  as  in  Stellaria,  Spergularia,  Cerastium, 
&c.,  the  seeds  are  laterally  compressed  ;  the  cotyledons  con- 
sequently lie  transversely  to  the  seed,  and  their  width,  therefore 
is  limited  by  the  thickness  of  the  seed,  as  in  fig.  56.  The 
case  is,  however,  somewhat  complicated  by  the  fact  that  the 
seed  and  embryo  are  both  curved. 

On  the  other  hand,  in  the  Pink  (fig.  57)  the  seeds  are  not 
laterally  but  dor  sally  compressed,  attached  to  the  columnar 


(In  figs.  56  and  57  the  letters  a,  h,  and  c,  d  indicate  the  directions  of  the  sections.) 


placenta  by  the  middle  of  the  interior  face,  so  that  the  coty- 
ledons are  straight,  parallel  to  the  seeds,  and  have  in  conse- 
quence plenty  of  room  to  widen  out. 

In  Solanum  the  fruit  is  roundish,  glabrous,  indehiscent, 
and  many-seeded.  The  seeds  are  kidney-shaped,  much 
compressed  laterally,  and  placed  with  their  narrow  edge  to 
the  placenta,  surrounded  by  a  paler  margin,  glabrous  and 
white ;  the  hilum  is  small,  and  on  the  middle  of  the  ventral 
'edge.  The  embryo  is,  in  the  mature  seed,  much  curved, 
embedded  in,  but  lying  near  the  outer  edge  of,  the  endo- 
sperm. The  radicle  occupies  the  lower  and  narrow  part  of 
the  seed.  The  cotvledons  are  linear,  not  broader  than  the 
radicle,  curved,  with  their  tips  close  to  the  hilum,  and  their 
back  to  the  placental  axis,  and  at  right  angles  to  the  plane  of 
the  seed,  the  whole  width  of  which  accordingly  they  occupy. 


Fig.  57. — Dianthus  Caryophyllus,  x  15. 
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so  that  they  cannot  grow  any  wider.  On  the  other  hand, 
while  the  fruit  of  Cestrum  is  not  very  unHke  that  of  Solanum, 
the  seeds  are  very  different  in  shape,  being  peltate,  more  or 
less  obovate,  with  the  broad  end  towards  the  apex  of  the  seed, 
so  that  the  cotyledons  have  room  to  widen  themselves. 

Sometimes  we  meet  with  species  having  both  narrow  and 
broad  cotyledons,  even  in  the  same  genus.  For  instance, 
Coreopsis  filifolia  (fig.  6)  has  narrow,  Coreopsis  auriculata 
broad,  cotyledons.  If,  however,  we  examine  the  seeds  we  find 
that  those  of  C.  filifolia  are  narrow  or  subcylindrical  (fig.  58), 


A  B  C 


Fig.  58. — Coreopsis  filifolia.    A,  achene,  x  14.    B,  longitudinal  section,  x  14. 
C,  transverse  section,  x  14.    D,  embryo,  x  14. 


while  those  of  C.  auriculata  (fig.  59)  are  broadly  obovate  ; 
and  as  in  both  cases  the  embrvo  fills  the  seed,  this  difference 
sufficiently  accounts  for  the  dissimilarity  in  the  cotyledons. 

The  genus  Galium  is  an  interesting  case.  Here  also  we 
find  some  species  with  narrow,  some  with  broad,  cotyledons ; 
but  the  contrast  seems  to  be  due  to  a  very  different  cause. 
G.  Aparine  (fig.  91)  has  broad,  G.  saccharatum  (fig.  24) 
narrow,  cotyledons.  In  G.  saccharatum  the  fruit  (fig.  60) 
deeply  lobed,  two-celled,  two-seeded,  indehiscent,  and  densely 
covered  with  tubercles.    The  seed  is  globose,  deeply  hollowed 
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on  the  ventral  surface.  The  embryo  (fig.  60,  r,  c)  is  curved, 
following  the  concavity  of  the  hollow,  with  the  larger  part  of 
the  endosperm  lying  towards  the  periphery.  The  cotyledons 
are  linear  and  obtuse.  Fig.  60  shows  that,  so  far  as  the  form 
of  the  seed  is  concerned,  there  is  no  reason  why  the  cotyledons 
should  not  be  much  broader  than  they  are.    The  explanation 


Fig.  59.— Coreopsis  auriculaia.    A,  achene,  x  14.    B,  longitudinal  section,  x 
C,  transverse  section,  x  14.  D,  embryo,  x  14 


may  perhaps  be  found  in  the  structure  of  the  pericarp  (fig.  60, 
p.c),  which  is  thick,  tough,  and  corky.  It  is  very  impervious 
to  water,  and  may  be  advantageous  to  the  embryo  by  resisting 
the  attacks  of  drought  and  of  insects,  and  perhaps  if  the  seed 
be  swallowed  by  a  bird,  by  protecting  it  from  being  digested. 
On  the  other  hand  it  does  not  split  open,  and  is  too  tough  to 
be  torn  by  the  embryo.    The  cotyledons,  therefore,  if  they 
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had  widened,  as  they  might  otherwise  have  done,  would  have 
found  it  impossible  to  emerge  from  the  seed.  They  evade  the 
difficulty,  however,  by  remaining  narrow  (fig.  60,  C).    On  the 


Fig.  60. — Galium  saccharatum. 
A,  longitudinal  section  of  seed, 
X  8.  B,  transverse  section  of 
seed,  X  8.  C,  germinating  seed- 
ling, X  4. 


Pig.  Galium  Apa7-ine.  A 
longitudinal  section  of  seed' 
X  8.  B,  transverse  section  of 
seed,  X  8.  C,  germinating  seed- 
ling, X  4. 


other  hand,  in  G.  Aparine  the  pericarp  is  much  thinner  (fig  61) 
and  the  embryo  is  able  to  tear  it  open  (fig.  61,  C).    In  this  case 
therefore,  the  cotyledons  can  safely  widen  without  endangering 
their  exit  from  the  seed. 
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The  thick  corky  covering  of  G.  saccharatum  is  doubtless 
much  more  impervious  to  water  than  the  comparatively  thin 
testa  of  G.  Aparine.  The  latter  species  is  a  native  of  our 
own  isles,  while  G.  saccharatum  inhabits  Algiers,  the  hotter 
parts  of  France,  &c.  May  not,  then,  perhaps  the  thick  corky 
envelope  be  adapted  to  enable  it  to  withstand  the  heat  and 
drought  ? 

In  all  these  species  the  cotyledons  are  flat  or  nearly  so, 
but  a  large  number  are  enabled  to  widen  themselves  by  being 
more  or  less  folded.  One  form  of  this  is  afforded  by  the 
Eadish  {Raplianus)  and  Brassica  (fig.  3).  Fig.  62,  A,  shows  a 
seed  of  Eaphanus  sativus,  and,  as  shown  in  fig.  62,  B-E,  the 
latter  of  which  represents  a  young  seedling,  the  cotyledons  are 
applied  to  one  another  face  to  face,  and  then  folded  along  the 
middle. 

Unequal  Cotyledons. 

I  now  turn  to  those  species  in  which  the  two  cotyledons 
are  unequal  in  size. 

Several  of  these  cases  have  been  discussed  by  Darwin,' 
who  attributed  the  inequality  to  the  fact  of  '  a  store  of  nutri- 
ment being  laid  up  in  some  other  part,  as  in  the  hypocotyl,  or 
one  of  the  two  cotyledons,  or  one  of  the  secondary  radicles.' 
I  differ  with  the  greatest  hesitation  from  so  high  an  authority ; 
but  do  not  see  the  connection  between  the  store  of  food  being 
partly  laid  up  in  some  other  part  of  the  plant  and  the  in- 
equality between  the  cotyledons.  Why  should  it  affect  one 
more  than  the  other  ?  I  venture  to  suggest  that  the  difference 
is  due  rather  to  the  position  of  the  embryo  in  the  seed,  which 
in  some  cases  favours  one  cotyledon  more  than  the  other. 
For  instance,  in  many  cases  the  cotyledons  are  what  is  called 
'  incumbent,'  that  is  to  say  the  radicle  is  folded  upon  one  of 
the  cotyledons,  and  in  such  species  the  outer  cotyledon  is  often 
rather  larger  than  the  other,  as  for  instance  in  Hesperis 
matronalis. 

The  Hemp  (Cannabis)  and  Caylusea  present  us  with  cases 
more  or  less  resembling  that  of  Hesperis. 

•  Movements  of  Plants,  p.  94." 
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In  the  Mustard  (fig.  3),  Cabbage,  Eadish  (Raphanus),  and 
some  other  Crucifers,  the  difference  is  more  marked,  and  is 


B 


D 


Fig.  e^.—Baphanus  sativus.  A,  outline  of  seed,  x  4  :  m  micropvle  • 
h,  hilura.  B,  embryo  extracted  from  seed,  x  4.  C  embryo  x  4  • 
vei-tical  section.  D,  embryo,  seen  from  the  side,  x4:  oc 'outer 
coty  edon;  ».c,  anner  cotyledon;  r,  radicle;  t,  testa.  E,  germinating 
seedlmg,  x  2,  showmg  the  cotyledons  still  folded. 

due  to  a  different  cause.  The  cotyledons,  as  just  mentioned, 
are  apphed  to  one  another  face  to  face  (fig.  62,  B-D),  and 


Fig.  6S—Cereus  Napoleonis. 
Section  of  seed :  oc,  outer 
coat  of  testa ;  ic  inner  coat 
of  testa 


Fig.  64.-A,  embryo  of  Abronia  arenaria 
X  b :  ^c,  smaller  cotyledon.    B,  embryo 
of  A  umbellata,  x  G :  io,  right  t^d  i 
cotyledon;  Ic,  left  cotyledon 


dinner 


then  doubled  longitudiiially  one  inside  the  other     The  nnf 
one,  therefore,  having  more  space,  becomes  larger  and  thp 
petiole  IS  longer.    In  Cereus  (fig.  63)  the  embryo  is  much 
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curved,  and  the  cotyledons  being  thick  and  fleshy,  the  inner 
one  is  naturally  smaller  than  the  outer. 

In  Abronia  umbellata  (fig.  64,  B)  the  embryo  is  large,  much 
curved  or  doubled  on  itself,  and  lies  outside  the  endosperm, 
the  two  edges  of  the  cotyledon  reaching  almost  to  the  radicle. 
The  second  cotyledon  (ic)  is  minute,  generally  not  more  than 
one-seventh  the  length  of  the  outer  one,  though  in  one  seed 
it  attained  nearly  half  the  length  of  the  other.  In  another 
species  of  the  same  genus,  A.  arenaria,  the  smaller  cotyledon 
is  reduced  to  a  mere  knob  (fig.  64,  A,  ic). 


A 


Cases  in  which  one  of  the  cotyledons  is  rudimentary  also 
occur  m  the  genera  Eanunculus,i  Carum,^  Cyclamen,  &c. 

In  Petiveria  octandra  (fig.  65,  A)  the  cotyledons  are  very 
interesting.  The  one  is  about  3  cm.  long,  li  broad,  oblong, 
tapering  at  both  ends,  and  entire.  The  other  is  shorter  and 
broader,  2  cm.  long  by  If  broad,  subcordate,  with  a  large 
terminal  lobe,  and  one,  more  or  less  pronounced,  on  each 
side.    At  first  I  thought  this  curious  want  of  symmetry  must 

'  See  Irmisch,  Beit,  zur  vergl.  Morpliol.  der  Pflanzcn  (Halle,  1854). 
■•'  Hegelmaier,  Vcrgl.  Untersuchungcn  (Stuttgart,  1878). 
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be  accidental.  It  is,  however,  normal,  and  is  explained  by  the 
pecuhar  form  and  arrangement  of  the  embryo  (fig.  65,  B-D) 
in  the  seed.  The  fruit  is  an  achene  of  peculiar  form  ;  it  is 
oblong-linear,  subcuneate,  and  laterally  compressed,  bifid  at 
the  apex,  and  crowned  with  2-6  unequal,  closely  reflexed, 


Fig.  66.-Coreopsis  Atkinsoniana.   A,  longitudinal  section  of  achene  x  10 
.  B,  transverse  section  of  achene,  x  10.    C,  embryo,  x  10.  " 

acute  bristles,  more  or  less  hairy,  one-celled,  one-seeded  and 
mdehiscent.   The  seed  is  oblong-linear,  and  tapers  somewhat 
conformmg  to  the  interior  of  the  fruit.   The  embryo  is  large  ' 
the  mner  cotyledon  is  doubled  on  itself;  the  outer  one  is 
also  turned  over  at  the  end,  and 
wraps  round  the  narrower  one,'  not 
reaching,  however,  to  the  narrow 
end  of  the  seed  :  the  termmal  lobe 
of  the  shorter  and  broader  coty- 
ledon is  the  part  which  is  folded 
over,  and  the  lateral  lobes,  which 
are  much  smaller  in  the  embryo, 
are  also  due  to  the  fold,  as  shown 
in  fig.  65,  B-D.  Fm.  e?.- 

In  Coreopsis  Atkinsoniana  the 
seeds  are  obovate,  curved  longitudinally,  and  compressed 
dorso-ventrally,  conforming  to  the  interior  of  the  fruit  tZ 
embryo  again  is  slightly  bent,  following  the  directionof  the 
seed.    Consequently  the  one  cotyledon  occupies  the  inner 


-Coreopsis  Atkinsoniana. 
Seedhng,  x  10. 


'  The  narrow  cotyledon  is  sometimes  absent. 
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the  other  the  outer  side  of  the  curve ;  and,  as  shown  in  fig.  67, 
the  outer  one  is  distinctly  larger  than  the  other. 

In  Thunhergia  reticulata  the  cotyledons  are  unequal,  ovate, 
ohtuse,  slightly  emarginate,  and  cordate  at  the  base.  The 
larger  one  is  slightly  denticulated,  and  has  a  curious  embossed 
area  in  the  centre  ;  the  smaller  one  is,  on  the  contrary, 
smooth  and  entire,  or  nearly  so.    The  seed  is  orbicular  or 
oblong ;  exalbuminous,  3-4  mm.  in  diameter,  compressed, 
with  a  cavity  on  the  inner  side.     The  embryo  is  slightly 
curved ;  and  the  cotyledons  He  with  their  faces  towards  the 
hilum,  which  is  very  prominent ;  the  inner  cotyledon  is  turned 
up  at'  the  edges,  and  wraps,  to  a  certain  extent,  round  the 
outer  one.    The  raised  or  embossed  patch  in  the  centre  of 
this  cotyledon  is  due  to  the  inward  curvature  of  the  testa. 


Unsymmetrical  Cotyledons.. 

In  other  cases,  as  in  the  Geraniums  (fig.  25),  Schinus 
(the  False  Pepper)  (fig.  28),  Clitoria  (fig.  27),  Laburnum  (fig. 
26),  Lupines,  &c.,  there  is  inequality,  not  between  the  two 


Pig.  68.— Section  through  embryo 
of  Geranium,  showing  the  mode 
of  folding  of  the  cotyledons. 


Fig.  69. — Seed  of  Labumuvi 
vulgare,  x  6 :  OC,  outer 
coat ;  IC,  inner  coat. 


cotyledons,  but  between  the  two  halves  of  each  cotyledon.  In 
the  Geraniums  this  is  due  to  the  manner  in  which  the  coty- 
ledons are  folded.  In  the  Cabbage  and  Mustard  we  have  seen 
that  one  cotyledon  is  folded  inside  the  other ;  in  the  Geranium 
they  are  convolute  (fig.  68),  one  half  of  each  bemg  folded 
inside  one  half  of  the  other-the  two  inner  halves  being  the 
smaller,  the  two  outer  the  larger  ones. 

In  the  Laburnum  (fig.  26)  and  in  Clitoria  (fig.  27),  on  the 
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other  hand,  the  inequality  in  the  two  sides  of  the  cotyledon 
is  due  to  the  inequality  between  the  two  sides  of  the  seed 
(fig.  69). 

In  Heritiera  macrophylla  the  cotyledons  fill  the  seed,  which 
conforms  to  the  shape  of  the  carpels,  and  the  fact  that  these 
are  somewhat  unequal-sided  renders  the  seed  and  consequently 
the  cotyledons  so  likewise. 

In  the  Lupines  the  seeds  are  obliquely  oblong,  compressed 
laterally,  and  without  endosperm,  the  embryo  being  large, 
fleshy,  yellowish,  and  occupying  the  whole  seed.  It  is  doubled 
on  itself,  and  the  cotyledons  are  folded  along  the  radicle, 
which  nearly  equals  them  in  length,  with  the  smaller  halves 
turned  towards  the  radicle,  and  in  such  a  manner  that  they 
and  the  radicle  together  occupy  one  half  of  the  seed,  and 
about  equal  the  larger  halves  of  the  cotyledons,  which  fill  the 
other. 

In  Triphasia  the  inequality  is  due,  partly  at  any  rate,  to 
a  different  cause.  The  seeds  are  oval,  somewhat  flattened, 
especially  on  the  ventral  aspect.  The  embryo  is  large,  and 
occupies  the  whole  seed.  The  cotyledons  are  very  unequal  in 
size,  and  the  smaller  one  is  more  or  less  enclosed  in  the  larger. 
But,  m  addition  to  this,  there  are  often,  indeed  generally,  two 
and  sometimes  three  embryos  in  each  seed ;  these  differ  in 
size,  and  the  smaller  ones  often  intrude  more  or  less  on  one  of 
the  cotyledons  belonging  to  the  larger  ones. 


Crenate  Cotyledons. 

The  vast  majority  of  plants  have  the  edges  of  the  coty- 
ledons entire.    There  are  some  few,  how- 
ever, in  which  they  are  more  or  less  cre- 
nate, as  for  instance  in  Cordia  subcordata 
(fig.  33). 

In  this  species  the  embryo  occupies  the 
whole  of  the  ovoid-conical  seed.    There  is  no        ^-f  , 
endosperm,  and  the  cotyledons,  in  order  to     dordia  s^Sdatt 
occupy  the  whole  space,  are  longitudinally 
folded  (fig.  70),  thus  giving  rise  to  the  crenations  on  the  margin 
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AOOUMBENT  AND  INCUMBENT  COTYLEDONS. 

There  are  two  ways  in  which  the  radicle  may  be  bent  over 

^^'toiw  it  is  turned  up  over  the  back  of  one  of  the 
cotyledons,  as  in  figs.  71  and  72,  and  is  said  to  be  incumbent , 


Fig.  71. 


Fig.  72. 


H^Ch 


T7Tr«  71  and  72.-Section8  of  seed  of  HssjJem  matronalis,  x  10 : 
1  iGS.  (1  auu  .  hoUow  in  testa. 

while  sometimes  it  is  turned  along  the  edge  of  the  cotyledons 
1   n  Ls  73  and  74,  which  are  then  termed  accumbent. 
The  divisions  of  the  Crucifer^  are  based  to  some  extent  on 
ine  ai^'^"  accumbent  and  some  m- 

coSd  account  for  this  difference,  though  the  explanation 

Pio.  74. 


FiQ.  78. 


Fios.  78  «na  74.-Scolta  of  Bsed  of  Ohdr<m(i.<a  O/.riri,  x  10. 

which  I  would  suggest  is  very  simple  when  once  stated-  I 
rcarcely  feel  justified  however  in  doing  more  than  throwing  it 

^^"enrsTctnthe  two  forms  would  he  as  shown  in  figs 
71  S  78    Now  if  from  the  form  of  the  pods,  or  or  any 
Ithe  reason,  it  is  an  advantage  that  the  seed  should  be  com- 
pre  ed,  I    n  fig.  7S,  then,  the  thickness  of  the  cotyledons 
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remaining  the  same,  it  is  better  that  the  radicle  should  be 
aecumbent ;  while,  on  the  other  hand,  in  a  thicker  or  globular 
seed,  as  in  fig.  71,  the  incumbent  arrangement  is  most  con- 
venient. In  fact  we  find  that  in  groups,  such  as  the  Arabidea3, 
where  the  seeds  are  as  a  rule  compressed,  the  radicle  is  almost 
always  aecumbent ;  while  in  incumbent  groups,  such  as  the 
Sisymbriese,  they  are,  on  the  contrary,  more  or  less  turgid. 


Pig.  75.— Seedling  of  Bryonia  laciniosa.   Half  nat.  size. 


As  an  actual  example  of  an  incumbent  form  I  give  Hesperis 
matronahs  (figs.  71  and  72),  and  of  an  aecumbent,  Cheir- 
anthus  Cheiri  (figs.  73  and  74). 

Petioles. 

The  cotyledons  are  sometimes  sessile,  as  in  Acer  (fia  g) 
Hippophae  (fig.   14),  Hakea  (fig.  21),  Clitoria  (fig.  ^"27)  • 
sometimes  supported  on  petioles,  which  in  many  cases,  as  in 
Microloma  (fig.  29),  attain  a  considerable  length. 

Occasionally  we  meet  with  both  sessile  and  petioled  coty- 
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ledons  even  within  the  limits  of  the  same  genus.  For  instance, 
Delphinium  Staphysagria  (fig.  81)  has  the  cotyledons  sessile, 
while  those  of  D.  elatum  (fig.  30)  have  petioles.  In  Bryonia 
laciniosa  (fig.  75)  the  cotyledons  are  nearly  sessile,  while  those 
of  B.  dioica  (fig.  76)  have  petioles. 

There  is  nothing,  so  far  as  I  know,  in  the  structure  of  the 
seed  to  account  for  this  difference.  It  is  observable,  however, 
that  while  the  cotyledons  of  Bryonia  laciniosa  (fig.  75)  and 
those  of  D.  Staphysagria  (fig.  31)  are  raised  by  the  hypocotyl 
somewhat  above  the  level  of  the  ground,  those  of  Bryonia 
dioica  (fig.  76)  and  of  D.  elatum  (fig.  30)  are  attached  close  to 
the  ground.  In  fact  the  cotyledons  are  carried  up  in  both  cases, 

but  in  B.  laciniosa  and  D.  Staphysagria 
by  the  hypocotyledonary  portion  of 
the  axis  or  stalk  of  the  plant,  in  B. 
dioica  and  in  D.  elatum,  on  the  other 
hand,  by  their  own  petioles. 

I  may  also  refer  to  Vitis  hypoglauca 
and  V.  cebennensis,  the  former  with  a 
short  hypocotyl  and  long  petioles,  the 
latter  with  a  long  hypocotyl  and  short 
petioles. 

In  short,  we  may  say  that  the  coty- 
ledons are,  as  a  general  rule,  sessUe 
when  they  are  raised  by  the  growth  of 
the  hypocotyl,  while  they  are  petiolate 
when  they  take  their  origin  close  to  the 
ground.  There  are,  no  doubt,  some  exceptions ;  for  mstance, 
in  some  species  of  Hedysarum  the  cotyledons  are  radical  and 
yet  sessile.  I  have,  however,  often  in  Algeria  seen  seedhngs 
of  this  group  in  hot  exposed  situations,  where  they  '  held  the 
field '  alone,  and  being  sure  of  ample  heat  and  light  did  not 
require  to  be  raised  above  the  surface. 

The  opposite  exception  is  perhaps  more  common-t.e. 
when  the  cotyledons,  though  raised,  are  still  petiolate  Here, 
however,  the  cotyledons  are  probably  petiolate  for  the  same 
reason  as  the  leaves-viz.,  when  the  foliage  is  large,  leaf-stalks 
are  an  advantage  in  carrying  the  lower  leaves  out  of  the 
shadow  of  those  immediately  above  them. 


Fig.  76.— Seedling  of 
Bryonia  dioica.  Nat.  size. 
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In  another  species  of  Delphinium  (D.  nudicaule)  (fig.  32) 
the  cotyledons  are  raised  well  above  the  surface  of  the  ground 
on  a  stem  consisting  of  their  own  two  stalks  or  petioles,  which 
are  connate,  though  readily  separable  from  one  another. 
Connate  cotyledons  also  occur  in  Phlomis  tuberosa,  Smyrnium 
perfohatum  (fig.  77),  Polygonum  Bistorta,'  &c.  Gray  2  ob- 
serves that  the  economy  of  this  arrangement  is  not  apparent. 
Assuming,  however,  that  the  elevation  of  the  cotyledons  is 
an  advantage,  perhaps,  as  I  have  suggested,  from  carrying 


Fig.  77.— Seedling  of  Smyrnium 
perfoliatum.    Half  nat.  size 


Pig.  78. — Germinating  seedling  of 
Geranium  hohemicum,  x  6. 


them  above  the  surrounding  herbage,  the  combination  of  the 
two  petioles— reversing  the  old  fable  of  the  bundle  of  sticks- 
would,  with  the  same  amount  of  material,  give  a  considerable 
addition  of  strength. 

For  instance,   in  Smyrnium  perfohatum  (fig.  77)  the 
hypocotyl  is  undeveloped,  the  cotyledons  are  oblong-elliptic 
emargmate,  obtuse,  generally  unequal-sided  or  subfalcate' 
with  long  petioles,  3-nerved  from  the  base,  and  finely  reticulate, 

'  Winkler,  •  Ueber  die  Keimblatter  der  deutschen  Dicotylen,'  Bot  Verh 
Brandenburg,  1874.  .  structv^al  Boto^,  p.  21. 
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connate  into  one  terete  piece  for  55-75  mm.  of  their  length, 
split  a  little  way  at  the  base  to  allow  the  plumule  to  emerge, 
free  in  the  upper  part,  semiterete  and  slightly  channelled 
above. 

In  this  case  it  is  obvious  that  if  the  petioles  had  been 
separate,  they  would  have  been  far  too  weak  to  stand  upright, 
and  their  length  therefore  would  have  been  comparatively 
useless. 

In  Polygonum  polystachyum,  again,  the  petioles  are  con- 
nate and  form  a  hollow  tube  through  which  the  leaves  pass  ;  so 
that  the  seedling  has  the  appearance  of  possessing  an  erect 
hypocotyl  with  nearly  sessile  cotyledons. 

In  other  cases,  however,  the  existence  of  petioles  appa- 
rently has  reference  to  the  arrangement  of  the  embryo  in  the 
seed. 

In  the  Geraniums,  for  instance,  as  has  been  already  men- 
tioned, the  cotyledons  are  folded  on  themselves,  one  half  of 
each  lying  within  the  other.  Fig.  78  represents  an  embryo 
partially  unfolded,  and  it  will  be  seen  that  in  the  position 
assumed  by  the  cotyledons  the  petioles  are  necessarily  as  long 
as  half  their  breadth.  In  Eucalyptus  Globulus,  again  (fig.  90), 
the  mode  of  folding  of  the  cotyledons  would  be  impossible  but 
for  the  petioles. 

Lastly,  in  cases  where  the  cotyledons  do  not  leave  the  seed, 
the  petioles  leave  room  for  the  free  growth  of  the  plumule, 
as  in  Sapindus  (fig.  43). 

LoBBD  Cotyledons. 

The  great  majority  of  cotyledons  are  entire,  but  some  are 
more  or  less  lobed.  For  instance,  those  of  the  Mallow  (fig.  35) 
are  broadly  ovate,  minutely  emarginate,  cordate  at  the  base, 
and  three-lobed  or -angled  towards  the  apex,  with  three  vems, 
each  running  into  one  of  the  lobes. 

Those  of  Lavatera  and  Althaea  are  similar.  The  embryo 
is  green,  curved,  and  occupies  a  great  part  of  the  seed.  The 
cotyledons  are  applied  face  to  face  ;  then,  as  growth  continues, 
the  tip  becomes  curved,  and  depressed  into  a  median  longitu- 
dinal furrow,  the  fold  of  the  one  lying  in  that  of  the  other. 
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The  embryo  is  of  the  form  shown  in  fig.  79  :  the  horn 
or  process  r  is  the  radicle;  the  rest  is  the  cotyledon,  of 
which  the  free  end  /  is  folded  on  itself  and  turned  down- 
wards. In  this  way  the  embryo  fills  the  seed,  leaving  a 
small  space  between  the  cotyledons  and  also  between  /  and  r 
which  is  occupied  by  endosperm.  Perhaps  it  may  make  the 
arrangement  clearer  to  take  a  piece  of  note-paper,  cut  it  into 
the  form  of  an  egg  (fig.  80),  turn  the  broad  portion  a  b  down- 
wards, so  that  the  parts  a  and  b  have  their  under  faces  turned 
to  one  another,  and  then  press  down  the  line  e  f,  and  bring 
the  points  c  and  d  together,  so  that  c  ef  and  d  e/have  their 


Pig.  79. — Embryo  of  Mallow.  Enlarged. 


Pig.  80.  Pig,  81_ 

and  81.— Piece  of  paper  prepared  to  show  the  mode  and  effect  of  the 
folding  of  the  embryo. 


upper  surfaces  together,  and  the  apex  /  pointing  downwards. 
We  shall  then  have  an  object  shaped  as  in  fig.  81,  with  a 
sharp  point  at  c,  which  would  not  conform  to  the  rounded 
shape  of  the  seed.  If,  now,  to  make  it  do  so,  we  cut  off  the 
point  c  along  the  dotted  line  and  then  unfold  the  paper,  we 
shall  find  that  it  has  the  form  of  the  cotyledon  of  Malva 
(fig.  35)  with  a  bay  or  notch  on  each  side.  In  Erodium  the 
arrangement  is  somewhat  similar,  and  it  seems  clear  that  the 
lobes  are  due  to  the  manner  in  which  the  embryo  is  folded. 

In  (Enothera  and  some  allied  species  the  cotyledons  also 
present  a  terminal  lobe.    This,  however,  is  not  due  to  folding 
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The  terminal  lobe  is  the  original  cotyledon,  and  the  basal 
portion  is  altogether  subsequent  growth,  which,  moreover,  to 
some  extent,  assumes  the  character  of  the  true  leaf.  I  shall 
presently  refer  to  this  interesting  group  in  more  detail. 

The  case  of  Petiveria  octandra  (fig.  66)  has  been  already 
described. 

Emabginate  Cotyledons. 

In  a  great  many  species  the  cotyledons  are  emarginate,  and 
even  in  some  more  or  less  deeply  bifid.  No  explanation  of  this 
has,  so  far  as  I  know,  yet  been  offered.  It  is,  in  fact,  as  I  shall 
hope  to  show,  by  no  means  always  due  to  the  same  cause. 


Pig.  82. — Longitudinal  and  transverse  sections 
of  seed  of  Invpatiens  parviflora  x  10 :  PI, 
plumule. 


Fig.  83. — Longitudinal  section 
of    Foterium  Sanguisorba, 
X  9 :  ci,  calyx-tube ;  a,  achene ; 
re,  receptacle. 


One  of  the  sunplest  cases  is  that  of  the  Oak,  where  the 
thick  fleshy  embryo  occupies  the  whole  of  the  seed.  The 
chalaza  is  situated  at  the  centre  of  one  end,  at  the  extremity 
of  the  cotyledons,  and  the  walls  of  the  seed  bemg  at  that 
point  somewhat  thickened,  the  cotyledons  are  sHghtly  pressed 
The  same  explanation  appUes  to  various  other  species 


m 


as,  for  instance,  to  the  Impatiens  (figs.  12  and  82),  Pote- 
rium  (figs.  42  and  83),  Cuphea  (fig.  84),  and  Nettle  (Urhca) 

(fig.  85).  ^  ,  , 

In  Helianthus  Cucumis  the  seed  itself  is  slightly  notched 


EMARGINATE  COTYLEDONS 


43 


at  the  point  where  it  articulates  with  the  receptacle ;  and  the 
cotyledons,  which,  with  the  rest  of  the  embryo,  eventually 
occupy  the  whole  interior  of  the  seed,  conform  to  this  notch. 

In  such  cases  as  the  Mustard  (fig.  3),  Cabbage,  and  Eadish, 
the  emargination  is  due  to  a  totally  different  cause.  The  seed 
(,fig.  62,  A)  is  oblong,  thick,  and  slightly  narrower  at  one  end 
than  the  other.  There  is  no  endosperm,  so  that  the  embryo 
occupies  the  whole  seed,  and  as  this  is  somewhat  deep,  the 
cotyledons,  in  order  to  occupy  the  whole  space,  are  folded  and 
arranged  one  over  the  other,  like  two  sheets  of  note-paper,  as 
shown  in  fig.  62,  B-E,  the  radicle  being  folded  along  the  edge. 


Fig.  62,  D,  represents  the  embryo  a  little  opened  out ;  and 
fig.  62,  C,  a  section  showing  the  radicle  and  the  outer  and  inner 
cotyledons.  To  this  folding  the  emargination  is  due.  If  apiece 
of  paper  be  taken,  folded  on  itself,  cut  into  the  form  shown  in 
fig.  62,  A,  with  the  fold  along  the  edge  from  m  to  h,  and  then 
unfolded,  the  reason  for  the  form  of  the  cotyledon  becomes 
clear  at  once.    Zilla  myagroides  affords  a  similar  case. 

But  it  may  be  said  that  in  the  Wallflower  the  seed  has  a 
similar  outline,  and  yet  (fig.  86)  the  cotyledons  are  not 
emargmate.  The  reason  of  this  is  that  in  the  Wallflower 
(Cheiranthus)  (figs.  73,  74)  the  seed  is  more  compressed  than 
in  the  Mustard  and  Eadish  (fig.  62,  B,  C),  and  the  cotyledons 


Fig.  84. — Longitudinal  and  transverse  sections 
of  seed  of  Cuphea  silenoides,  x  10  :  oc,  outer 
coat ;  ic,  inner  coat. 


44 


ON  SEEDLINGS 


Fig.  86.— Seedling  of  Cheir- 
anthus  Cheiri.  Two-thirds 
nat.  size. 


are  not  folded  ;  so  that  the  whole,  not  the  half,  of  each 
cotyledon  corresponds  to  the  form  of  the  seed. 

In  the  Bignoniacefe,  again,  a  large  number  of  species  have 
emarginate  cotyledons;  and  this  would  appear  also,  as  for 

instance  in  Pithecoctenium  Auhletii,  to 
he  due  to  the  chalaza,  though  in  a 
different  manner.     The  seeds  them- 
selves are  transversely  oblong,  much 
compressed  dorsally,  surrounded  on 
all  sides  except  the  base  by  an  ex- 
tremely thin,  transparent,  membranous 
wing,  which  is  traversed  by  nerves 
radiating  from  the  central  part  of  the 
testa,  and  is  uneven  at  the  margin. 
The  raphe  is  ventral,  extendmg  from 
the  hilum  to  the  centre  of  the  embryo. 
The  chalaza  is  attached  to  the  embryo- 
sac  a  Httle  above  the  middle  of  the 
embryo.    The  radicle  is  very  small, 
distant  from,  but  pouiting  to,  the 
hilum.    The  embryo  is  straight  and  flat ;  the  cotyledons  grow 
until  they  come  to  the  pomt  of  attachment  of  the  chalaza, 
when  they  extend  forwards  on  each  side,  formmg  two  lobes.  _ 
In  Oroxylum  indicum  the  general  structure  of  the  seed  is 
very  similar,  but  the  growth  of  the  two  lobes  of  the  cotyle- 
dons is  even  more  luxuriant,  so  that  they  actuaUy  overlap . 
A  structure  more  or  less  similar  occurs  m  other  genera  of  this 

family.  . 

The  emargination  is  very  much  deeper  m  other  groups, 
and  due  to  other  conditions,  for  mstance  in  the  Convolvulaces. 
In  Convolvulus  Soldanella  (fig.  87)  the  embryo,  which  is 
eventually  very  large,  lies  at  first  straight  m  the  seed  em- 
bedded in  a  clear  jelly-like  endosperm,  and  rests  on  a  sohd 
ovate,  grooved,  white  ridge  (fig.  87,  B  and  C,  a),  which  rises 
from  close  to  the  micropyle.  This  tongue-hke  ridge  grows 
with  the  embryo.  At  the  opposite  end  of  the  seed  the  raphe 
and  chalaza  form  a  somewhat  prominent  ridge  (fc)  projectmg 
into  the  endosperm.  The  cotyledons  in  this  stage  are  plano- 
convex, applied  face  to  face,  orbicular,  entire,  green,  with 
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diatinct  petioles,  S-nerved,  with  two  lateral,  subopposite 
branches  from  the  midrib  some  distance  below  the  apex.  The 
plumule  and  radicle  are  small.  The  cotyledons  gradually 
increase  in  size  and  grow  over  the  process  in  which  the 
radicle  (a)  lies,  extending  to  the  apex  of  the  seed,  doubling 
over  and  abutting  against  the  ridge  formed  by  the  raphe  and 


ABC 


Fig.  87 —Convolvulus  Soldcmella.-  A,  embryo,  x  2.  B,  section  of  seed  after 
removal  of  the  dorsal  surface,  embryo,  and  endosperm,  x  2.  C,  side  view  of 
ditto,  X  2. 


chalaza  (b),  and  thus  becoming  more  and  more  emarginate  at 
the  apex.  The  notch  is  therefore  due  to  their  continuing  to 
grow  at  the  sides  after  their  apex  has  reached  this  ridge. 

In  Ipomoea  purpurea  (fig.  88,  A-C),  where  the  seed  is  con- 
structed generally  on  the  same  model  as  in  Convolvulus 


B  c 


i.~Ipomaa  purpurea.  A,  embryo,  x  2.  B,  section  of  seed  after 
ml  of  dorsal  surface,  embryo,  and  endosperm,  x  2.    C,  side  view  of 


Soldanella,  the  ridge  formed  by  the  raphe  and  chalaza  (fig. 
88,  B  and  C,  b),  is  more  prominent,  and  consequently  the 
notch  of  the  cotyledon  is  deeper.  Lastly,  in  Ipomcea  dasy- 
8perma  (fig.  89,  A-C)  the  projecting  ridge  of  the  chalaza  is 
still  more  developed  and  reaches  nearly  to  the  process  which 
supports  the  radicle;  the  cotyledons  are  thus  precluded  from 
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growing  in  length,  and  in  consequence  send  out  two  long 
wings,  so  that  they  are  divided  almost  to  the  base  (fig.  89,  A). 

In  Shorea,  again,  the  division  of  the  cotyledons  is  perhaps 
due  to  an  internal  process  of  the  seed.  I  have  not,  how- 
ever, had  an  opportunity  of  examining  a  specimen. 

In  Eucalyptus  (fig.  38)  we  have  a  different  case.  The 
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Fig  89.—Ipomcea  dasysperma.    A,  embryo,  x  2.    B,  section  of  seed  after  rei 
of  dorsal  surface,  embryo,  and  endosperm,  x  2.    C,  side  view  of  ditto,  x  2. 


embryo  is  (with  the  exception  of  the  petioles)  straight  or 
nearly  so,  fleshy,  white,  occupying  the  whole  of  the  seed,  and 
conforming  to  it  in  general  outline;  the  cotyledons  are 
deflexed  and  convolute  round  the  radicle,  which  the  lobes 
equal  in  length,  while  half  of  one  cotyledon  lies  over  half  the 
other  ;  one  half  of  each  consequently  lying  against  the  testa. 

The  radicle  is  stout,  fleshy,  truncate 
at  the  end  where  it  hes  against  the 
testa,  but  otherwise  entu-ely  enclosed 
by  the  folded  cotyledons.    The  true 
length  of  the  cotyledon  is  determined 
by  the  distance  between  the  end  of 
Fig.  90— Embryo  of  Eucalyptus       petiole  and  the  Opposite  pole  of 
^^':i:;\7:v^T^^^^'^^  the  seed.  The  side  of  the  cotyledons, 
cltyllot^  xi:  ™        °'  however,  being  folded  back,  that  part 

which  lies  beyond  the  petioles  is 
enabled  by  folding  round  the  radicle  to  widen,  and  this  conse- 
quently gives  the  cotyledons  their  more  or  less  pronounced 

hour-glass  shape. 

Moreover,  in  speaking  of  emarginate  cotyledons,  we  must 
distinguish  between  two  very  opposite  cases,  of  which  I  may 
take  Galium  Aparine  and  (Enothera  Lindleyana  as  lUustra- 
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tions.  In  the  former  the  cotyledons  commence  with  an  entire 
end  (fig.  91),  and  subsequently,  not  as  a  rule  till  they  have 
left  the  seed,  become  emarginate  (fig.  92)  ;  in  (Enothera 
Lnidleyana,  on  the  contrary,  the  cotyledons  are  at  first  emar- 
ginate, but  gradually  cease  to  be  so.  The  embryo  gradually 
appropriates  all  the  endosperm,  but  the  supply  being  largest 
at  the  wider  end  of  the  seed,  this  is  the  last  part  to  be 
absorbed.  In  neither  of  these  cases  does  the  emargination 
appear  to  be  directly  due  to  the  structure  of  the  seed,  nor  to 


Fig.  91. — Young  seedling  of 
Galium  Aparine,  x  2. 


Pig.  92.— Ditto,  a  few  days 
older,  X  2. 


be  m  itself  of  any  advantage  to  the  plant.  It  seems  rather  to 
depend  on  the  conditions  of  growth.  In  Galium  Aparine  the 
cotyledon  terminates  in  a  peculiar  gland,'  which  would  appear  in 
this  and  other  cases,  after  the  emergence  of  the  cotyledon,  to  stop 
Its  growth  at  that  point,  and  thus  to  produce  the  emargination. 

'  This  gland  has  already  been  mentioned  by  Gravis  in  his  work  nn  rrw 
cZ^o^ca  (Brussels  1886),  p.  139.    He  observes  that  about  a  dten  slZ^Z 
occur  on  It,  wh.le  they  are  entirely  absent  on  the  rest  of  the  upper  suTl 
He  regards  i  as  a  water-gland,  -  un  organe  dostin^  a  remMier  fpexc  I  d 
tension  dans  I'appareil  aquif^re.'  ^"^«uier  a  I  exc6s  de 
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In  Senecio,  again,  the  majority  of  species  have  entire 
cotyledons.  In  some,  however,  as  in  S.  erucsefoHus,  they  are 
emarginate.  Even  here,  however,  they  are  at  first  entire 
(fig.  93),  and  the  emargination  does  not  make  its  appearance 
until  after  germination,  when  the  cotyledons  gradually  become 
much  widened  (fig.  94).  In  fact,  S.  squaUdus,  S.  viscosus, 
S  vulgaris,  &c.  have  the  cotyledons  narrow  and  entire  ;  whUe 
in  S.  erucEefoUus  and  S.  cruentus,  where  they  grow  more  m 
width  than  in  length,  they  become  emarginate.  Among  other 
cases  where  the  cotyledons  are  at  first  entire,  but  after  ger- 
mination become  emarginate,  may  be  mentioned  some  species 
of  Lithospermum. 

Bryonia  laciniosa  (fig.  75)  also  has  the  cotyledons  emargi- 
nate, while  in  B.  dioica  (fig.  76)  they  are  entire.  They  are, 
however,  originally  entire  in  both  cases,  and  the  emargi- 
nation in  B.  laciniosa  is  due  to  the  fact  that  in  that  species 


Fie.  98.-Toung  seedling  of  Pi^-  9*--Di"°>  ^^^^ 

Senecio  eruccsfolius.  oiaei. 

the  cotyledons  grow  much  more  than  in  B.  dioica.  There  is 
no  great  difference  in  size  between  the  seeds,  those  of  B. 
laciniosa  being  perhaps  one-tenth  larger.  On  the  other 
hand  the  cotyledons  of  B.  laciniosa  attain  a  length  three  times 
greater  than  those  of  B.  dioica,  as  shown  in  the  figures  (figs. 
75  and  76).  In  the  genus  Tacsonia,  again,  the  cotyledons  ai-e 
entire  in  T.  Van-Volxemi  and  T.  Leschenaultii.  and  emarginate 
in  T  ignea.  Here  also,  however,  they  are  at  first  entire,  and 
only'become  emarginate  after  leaving  the  seed. 


Divided  Cotyledons. 

The  genus  Pterocarya  has  very  curious  cotyledons  (fig.  41), 
due  to  a  cause  entirely  different  from  any  of  those  we  have 

considered  hitherto.  _  . 

They  are  bipartite,  each  primary  division  narrowing  to  a 
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cuneate  base,  and  being  again  deeply  divided,  so  as  to  make  in 
all  four  ultimate,  linear,  oblong,  obtuse,  entire  segments.  In  this 
case  the  endocarp  is  thickened,  bony,  and  its  cavity  is  divided 
at  the  base  into  four  cells  (fig.  95,  A,  c  c  c  c)  by  the  thickening 
and  consequent  intrusion  of  the  dorsal  and  ventral  walls. 

The  seed  (fig.  95,  B)is  conical  above,  deeply  four-lobed  below 
(fig.  95,  B,  I II  I),  one  lobe  (Z)  passing  into  each  of  these  cells 
(c).  The  embryo  again  follows  suit,  and  each  cotyledon  sends 
a  lobe  into  each  of  the  four  cells,  thus  assuming  the  peculiar 
form  characteristic  of  the  species. 

In  Eschscholtzia  (fig.  40)  the  cotyledons  are  deeply  bifid, 
resembhng  a  hay-fork  with  two  long  prongs.  In  this  case  we 
find  no  such  structure  of  the  fruit  or  seed  to  account  for  the 
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Fig.  95.— Ftm-ocarija  caucasica.  A,  transverse  section 
of  nut,  X  6 ;  showing  the  four  hollows  c,  c,  c,  c,  which 
axe  occupied  by  the  four  prolongations  of  the  seed. 
B,  seed,  x  6. 

peculiarity.    My  first  idea  was  that  such  cases  might  possibly 
be  due  to  some  difference  in  the  endosperm,  as  occurs  in 
certain  UmbelKfers,  Delphinium,  &c.,  and  which  might  have 
permitted  growth  more  readily  in  certain  directions  than  in 
others.    Thin  sections,  however,  showed  no  such  differences 
Moreover,  Schizopetalon  Walkeri  (one  of  the  Crucifer^)  (fig. 
97,  A-D)  has  the  cotyledons  as  deeply  divided  as  in 
Eschscholtzia;  and  as  there  is  no  endosperm,  but  the  embryo 
occupies  the  whole  seed,  within  which  the  long  lobes  of  the 
cotyledons  wind  about  more  or  less  irregularly,  the  division 
cannot  be  due  to  differences  in  the  endosperm.    There  are 
moreover,  other  plants,  such  as  the  Sycamore  (fig.  50)  and 
Hop,  where  the  cotyledons  are  also  narrow,  winding,  and 
occupy  the  whole  seed,  but  are  not  divided.    We  must  here 
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fore  seek  some  other  explanation,  and  I  will  suggest  the 
following. 

In  most  of  the  species  which  I  have  examined,  when  the 
cotyledons  remain  in  the  seed  they  do  not  leave  the  ground. 

In  some  cases,  however,  as  in  Anona 
(fig.  96) ,  the  hypocotyl  is  long,  stout,  and 
rises  in  the  form  of  a  loop  during  ger- 
mination, while  the  cotyledons,  which  at 
first  are  very  small,  gradually  increase 
almost  to  the  length  and  breadth  of  the 
seed,  throw  themselves  into  undulations, 
and,  it  being  perhaps  on  this  account 
impossible    to  withdraw  themselves 
from  the  seed,  are  eventually  torn  from 
the  hypocotyl.    In  Bignonia  insignis, 
again,  the  cotyledons,  though  flat  and 
leaf-like,  are  unable  to  emerge  from,  or 
at  any  rate  do  not  emerge  from,  the  seed. 
This  may  possibly  give  us  a  clue  to  such 
cases  as  Eschscholtzia  and  Schizope- 
talon,  which,  I  would  venture  to  suggest, 
may  have  reference  to  the  manner  in 
which  the  cotyledons  free  themselves 
from  the  seed.   If  this  is  delayed,  the 
young  plant  suffers  considerably,  and 
indeed  often  perishes.  That  the  process 
is  not,  however,  so  simple  as  might  be 
imagined,  may  be  seen  from  the  in- 
teresting case  afforded  by  the  Cucurbi- 
tacese,  where,  in  Mr.  Darwm's  words,' 
'the  seed-coats  are  ruptured  by  a 
curious  contrivance,  described  by  M. 
Flahaut.    A  keel  or  peg  is  developed 
on  one  side  of  the  summit  of  the 
radicle  or  base  of  the  hypocotyl ;  and  this  holds  down  the 
lower  half  of  the  seed-coats  (the  radicle  bemg  fixed  mto 

'  Movements  of  Plants,  p.  102.  Bower  has  pointed  out  in  Welwitschia  that 
a  corresponding  process  serves  to  absorb  the  endosperm,  acting  m  fact  as  a 
feeder  to  the  young  plant  (Quart.  Journ.  Micr.  Sci.  vol.  xxi.). 


Fig.  96. — Germinating 
seedling  of  Anona. 
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the  ground),  whilst  the  continued  growth  of  the  arched  hypo- 
cotyl  forces  upwards  the  upper  half,  and  tears  asunder  the 
seed-coats  at  one  end,  and  the  cotyledons  are  then  easily  with- 
drawn.' 

May  not  the  narrowness  of  the  cotyledons  in  Eschscholtzia 
and  their  deep  fission  be  due  to  a  similar  cause  ?  The  seed  is 
slightly  pyriform,  and  the  radicle  emerges  from  the  narrower 
end.    It  bursts  through  the  soil  in  an  arch,  and  instead  of 


A 
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Pig.  97.-StageB  in  the  growth  of  seedling  of  Schizopetalon  Wallceri,  x  2*. 

leaving  the  seed-coats  in  the  earth  as  usual,  carries  them  up 
with  It  Then  the  two  arms  of  the  cotyledons  separate,  widen 
the  orifice,  and  draw  themselves  out. 

This  suggestion  seems  to  be  confirmed  by  the  evidence  of 
Schizopetalon  (fig.  97,  A-D),  one  of  the  other  few  cases  where 
he  cotyledons  are  bipartite.  Here,  also,  the  radicle  emerges 
through  a  comparatively  small  orifice,  and  the  seed-coats,  from 
which  he  cotyledons  seem  to  have  some  difficulty  in  f  eehi^ 
themselves,  are  carried  up  by  the  hypocotyl,  while  eventual 

E  2 


52 


ON  SEEDLINGS 


the  lobes  of  the  cotyledons  draw  themselves  out  one  by  one.  In 
Opuntia  basilaris,  again,  which  differs  from  0.  Labourtiana  in 
having  narrow  cotyledons,  the  seed-coats  are  similarly  carried 
up,  and  the  cotyledons  free  themselves  by  divergence.  In  this 
species,  also,  it  is  mteresting  that  one  or  both  cotyledons  are 
often  bifid.  Is  it  possible  that  the  multiplicity  of  the  cotyle- 
dons in  Conifers  (fig.  98)  can  be  due  to  the  same  cause  ? 

In  Ephedra  there  is  a  special  membrane,  which  remams 

attached  to  the  root,  and  thus  prevents  the  testa  from  being 

carried  up  on  the  tips  of  the  cotyledons. 

The  common  Cress  {Lepidium  sativum)  (fig.  4),  to  which  I 

have  aheady  referred,  is  a  very  interesting  case,  for  while  in 


Pig.  99. — Section  of  seed  of  Lepi- 
dium graminifolium,  x  15. 


Pig.  98.— Seedling  of  Pinus 
rigida,  x2. 


Pig.  100. — Section  of  seed  of 
L.  sativum,  x  15. 


the  other  species,  at  any  rate  in  the  other  Enghsh  species,  of 
the  genus  the  cotyledons  are  entire,  in  Lepidium  sativum,  on 
the  contrary,  each  possesses  two  long,  narrow  lateral  lobes._  _ 
Fig  99  represents  a  section  through  the  seed  of  L.  gramini- 
folium, which  may  be  taken  as  representing  the  ordmary 
arrangement  in  the  genus.    The  seeds,  conforming  to  the 
shape  of  the  capsule,  are  somewhat  triangular,  with  the  radicle 
in  the  narrow  end.    The  embryo  occupies  the  whole  of  the 
seed,  there  being  no  endosperm.    In  L.  sativum  (fig.  100)  the 
seed  is  of  the  same  form,  but  nearly  twice  as  large,  and  it, 
therefore,  the  cotyledons  were  to  occupy  the  whole  additional 
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space,  they  would  become  extremely  thick.  In  endospermic 
seeds  this  would  present  no  difficulty,  as  the  additional  space 
would  be  simply  filled  by  endosperm.  In  Lepidium,  however, 
this  device  cannot  be  resorted  to ;  but  the  two  lobes  just  fill 
up  the  vacancy. 

In  the  Lime  (Tilia)  (fig.  101)  we  have  another  very  interest- 
ing case. 

The  cotyledons  are  broad,  foliaceous,  rhomboid-subtri- 
angular,  and  5-lobed,  5-nerved  at  the  base,  with  the  outer 
and  lower  pair  of  nerves 
slender,  alternately  nerved 
upwards,  reticulate,  shin- 
ing and  thinly  pubescent 
on  both  surfaces,  deep 
green  above,  paler  be- 
neath, petiolate ;  lobes  ob- 
long-obtuse, with  a  strong 

nerve  running  into  each, 

the  outer    ones  always 

largest    and  sometimes 

ovate ;  middle  pair  of  lobes 

always  the  smallest,  and 

oblong  or  subulate ;  lamina 

15-21  mm.  long,  17-25 

mm.  from  tip  to  tip  of 

the  basal  pair  of  lobes; 

petiole   semiterete,  shal- 

lowly  channelled  above, 

pubescent,      6-8  mm. 

long. 

The  fruit  is  an  ovoid 
or  subglobose  nut,  with  five  obtuse  angles,  tomentose  with 
somewhat  rufous  hairs,  one-celled  by  the  rupture  of  the 
septa,  one-seeded,  indehiscent,  tipped  with  the  persistent 
base  of  the  style,  woody,  and  attached  to  a  large  deciduous 
bract  which  serves  to  disseminate  it  by  the  aid  of  the  wind 

The  seed  is  ascending  or  erect,  obovoid  or  subglobose  deep 
brown,  smooth,  with  a  firm  or  crustaceous  testa  of  two  distinct 
layers  ;  hilum  oval,  comparatively  large  on  the  ventral  aspect 


Pig.  101. — Tilia  vulgaris. 

Nat.  size. 


Seedling. 
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a  little  above  the  base,  and  longitudinal;  raphe  ventral,  pro- 
ceeding from  the  hilum  to  the  apex  of  the  seed ;  chalaza 
apical,  prominent  externally  as  well  as  internally  in  the 
mature  state  by  a  deeper  brown  blotch ;  radicle  inferior. 

The  endosperm  in  the  mature  seed  is  copious,  firm,  pale 
yellow  and  homogeneous.  There  is  therefore  so  far  nothing 
in  any  way  analogous  to  the  causes  which  have  led  to  the 
existence  of  the  lobes  in  the  species  previously  described. 

The  embryo  is  at  first  straight ;  the  radicle  is  stout  and 
obtuse  •  the  cotyledons  ovate,  obtuse,  plano-convex,  fleshy, 
pale  green,  and  applied  face  to  face.  They  grow,  however, 
considerably  ;  and  when  (fig.  102,  A)  they  meet  the  waU  of  the 


Fig.  102.-Tilia.  A,  section  of  seed,  x  4.    B,  embryo,  x  8. 

seed  they  bend  back  on  themselves,  and  then  curve  round, 
following  the  general  outline  of  the  seed  (fig.  102,/  B) .    If  any 
one  will  take  a  common  tea-cup  and  try  to  place  m  it  a  sheet 
of  paper,  the  paper  will  of  course  be  thrown  into  ridges,  if 
these  ridges  be  removed  and  so  much  left  as  will  he  smoothly 
inside  the  cup,  it  will  be  found  that  the  paper  has  been  cut 
into  lobes  more  or  less  resembling  those  of  the  cotyledons  of 
Tilia.    Or  if,  conversely,  a  piece  of  paper  be  cut  out  into 
lobes  resembling  those  of  the  cotyledons,  it  will  be  found  that 
the  paper  will  fit  the  concavity  of  the  cup.     The  case  is 
almost  like  that  of  our  own  hand,  which  can  be  opened  and 
closed  conveniently  owing  to  the  division  of  the  five  fingers. 
It  may  be  said  that  the  seed  of  the  Sycamore  (Acer)  is  not 
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very  dissimilar  in  form  to  that  of  the  Lime  (Tilia)  ;  and  yet 
the  cotyledons  are  long,  narrow,  and  strap-shaped,  while  those 
of  the  Lime  are  rhomboid  and  five-lobed ;  but  it  must  be 
remembered  that  in  the  Sycamore  the  embryo  occupies  the 
whole  seed,  while  in  the  Lime  it  is  embedded  in  endosperm. 

The  peculiar  lobed  form  of  the  cotyledons  of  Tilia  thus 
enables  them,  I  would  suggest,  to  lie  conveniently  in  the 
globose  seed. 

AuRiCLED  Cotyledons. 

Some  cotyledons  are  markedly  auricled.  As  illustrations 
I  give  Poterium  (fig.  42)  and  Hakea  (fig.  21).  This  form  is,  I 
am  disposed  to  suggest,  a  provision  to  fill  up  vacant  space  in 
the  seed.  In  the  seed  of  Hippophae  (fig.  53)  the  form  of  the 
cotyledon  leaves  at  each  side  of  its  base  two  spaces  (d),  which 
are  occupied  by  endosperm.  In  Cuphea  (fig.  84),  Euellia  (fig. 
55),  and  Poterium  (fig.  83),  on  the  other  hand,  there  is  no 
endosperm,  and  it  is  consequently  an  advantage  that  the 
cotyledon  should  develop  auricles  in  order  to  fill  up  the 
space. 

If  this  is  the  explanation  of  the  auricles,  we  should  expect 
to  find  them  developed  principally  in  families  where  the  endo- 
sperm is  deficient.  Now 
in  the  species  I  have  ex- 
amined, auricled  cotyle- 
dons occur  in  35  genera, 
belonging  to  22  families, 
of  which  13  have  no 
endosperm,  while  in  6  of 
the  9  others  it  is  reduced 
almost  to  a  film. 

The  argument  in  the 

case  of  Cuphea  is  further  lOS.— Three  stages  in  the  growth  of 

,  ,  T         H  ,      ,  ^"-^  seedhng  of  Ciqihca  silenoides. 

strengthened  by  the  pecu- 
liar conformation  of  the  radicle  (fig.  84),  which  is  three - 
lobed,  the  reason  being,  I  would  suggest,  that  the  radicle  co- 
operates with  the  cotyledons  in  the  endeavour  to  fill  up  the 
vacant  spaces. 

In  support  of  this  view  I  also  would  observe  that  the 
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auricles  seem  to  be  of  little  use  to  the  young  plant.  For 
instance,  the  embryo  of  Cuphea,  while  in  the  seed  (fig.  84) 
has  very  large  auricles,  which  in  the  seedling  (fig.  103,  A-C) 
soon  disappear.  In  Ruelha,  again  (fig.  55),  we  have  a  similar 
case. 

Size  op  Seeds. 

As  regards  the  size  of  seeds,  if  we  could  imagme  a  state  of 
things  in  which  every  seed  grew  and  attained  maturity,  then 
to  keep  up  the  number  of  any  given  species  existing  at  any 
time  it  would  be  sufficient  if  each  plant  produced  but  one  or 
two  'seeds  during  its  whole  life.     There   is,  however,  an 
enormous  destruction  of  seeds.    The  great  majority  are  eaten 
by  animals,  or  fail  to  secure  a  suitable  site  for  germmation  ; 
of  those  which  do  germinate,  again,  many  are  crowded  out  by 
their  fellows     Darwin  observed  that  out  of  357  seedhngs 
which  came  up  in  a  space  of  3  feet  by  2,  no  less  than  295  were 
destroyed  by  slugs  and  insects.    Now  the  greater  the  chance 
against  any  given  seed  reaching  a  suitable  locality  and  attam- 
incT  maturity,  the  larger  number  of  seeds  must  the  plant  pro- 
duce in  order  to  maintain  its  numbers,  and,  as  a  general  rule, 
the  smaller  will  the  individual  seeds  be.    On  the  contrary 
the  greater  the  chance  that  each  seed  enjoys  of  arriving  at 
maturity,  the  smaller  the  number  of  seeds  that  is  necessary, 
and  in  such  cases  it  is  an  advantage  that  the  seeds  should  be 

Hence  parasitic  plants  generally  produce  a  large  number 
of  very  small  seeds,  though  there  are  exceptions  due  to  other 
considerations,  as,  for  instance,  in  the  Mistletoe  (I  believe 
indeed,  in  all  the  Loranthacese),  where  the  seeds  are  earned 
bv  birds. 

An  interesting  illustration  is  afforded  by  certain  species 
which  produce  two  kinds  of  pods,  as,  for  instance  Cardamme 
chenopodifolia  of  BrazU.  Besides  ordinary  pods,  which  re- 
semble those  of  any  other  Cardamine,  and  contain  several 
seeds,  this  plant  produces  a  second  sort  of  pod  underground 
Now  in  the  ordinary  pods  the  number  of  seeds  mcreases,  of 
course,  the  chance  that  some  one  will  find  a  suitable  place. 
On  the  other  hand,  the  subterranean  pods  are  sown,  as  it  were. 
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by  the  plant  itself.  In  this  case,  if  there  were  a  number  of 
seeds  they  would  only  get  in  one  another's  way,  and  hence, 
perhaps,  the  fact  that  the  subterranean  pods  only  produce  one 
or  two  seeds. 

In  most  species  the  seeds  vary  somewhat  in  size  ;  but  in 
such  cases  it  would  not  be  conclusive  to  contrast  the  produce 
of  large  seeds  with  that  of  smaller  ones,  because  it  might 
fairly  be  said  that  the  former  were  better  nourished,  and  in- 
herently, perhaps,  more  vigorous.  In  Cardamine  chenopodifolia 
of  Brazil,  however,  the  seeds  from  the  underground  pods  are 
larger  than  the  others,  and  Grisebach  found  that  they  produced 
more  vigorous  seedlings.' 

There  are,  on  the  contrary,  other  considerations  which  may 
make  it  an  advantage  that  the  number  of  seeds  produced  by 
a  flower  should  be  reduced,  as,  for  instance,  in  the  case  of  the 
Compositae,  where  the  agglomeration  of  a  number  of  flowers 
into  a  single  head,  as  in  the  Daisy,  and  their  consequent, 
diminution  in  size,  renders  it  an  advantage  that  each  floret 
should  produce  but  one  seed. 

The  species  with  large  seeds  may,  as  already  mentioned, 
be  divided  into  two  groups — first,  those  in  which  the  embryo 
is  surrounded  by  endosperm  ;  and,  secondly,  those  in  which  it 
occupies  the  whole  seed. 

In  the  former  the  arrangement  of  the  embryo  presents  no 
special  difficulties,  as  the  endosperm  simply  fills  up  all  vacant 
spaces.  In  the  latter,  on  the  contrary.  Nature  has  to  exercise 
much  ingenuity,  and  adopts  various  devices  to  fill  up  the 
whole  space. 

One  plan  is  to  arrange  the  cotyledons  face  to  face,  and 
then  roll  them  up  in  a  ball.  This  is  adopted,  amongst  other 
cases,  in  the  Sycamore  (fig.  50),  and  hence  the  long  strap-like 
form  of  the  cotyledons.  Another  is  to  arrange  the  cotyledons 
face  to  face,  and  then  double  them  up,  as  in  the  Cabbage, 
Mustard,  Eadish  (fig.  62,  B-D),  &c. 

In  a  third  the  cotyledons  are  convolute  edgeways,  as  in 
Caly  can  thus. 

In  Lepidium  sativum  the  cotyledons  are  trifid  (figs.  4  and 

•  '  Der  Dimorphismus  der  Portpfl.  v.  Cardamine  chenopodifolia,'  Gmtiiiqer  ' 
Nachrichtungen,  1878. 
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100)  ;  in  Cordia  they  are  thrown  into  plaits  (fig.  70).  In 
others  we  have  still  more  complex  folds,  as  in  the  Beech. 

In  such  cases  as  the  Lupine  the  cotyledons  become  so 
fleshy  and  thickened  that  they  almost  lose  the  appearance  of 
leaves ;  in  this  instance  they  are  set  free  by  the  splitting  of 
the  testa.    When,  however,  the  testa  does  not  readily  split, 
and  where  in  large  seeds  there  is  no  endosperm,  the  difficulty 
of  unfolding  the  cotyledons  and  extricating  them  from  the 
seed  becomes  greater,  and  we  arrive  at  cases  where  Nature 
seems  to  have  abandoned  the  attempt,  and,  as  in  the  Oak  and 
Horse  Chestnut,  the  cotyledons  never  quit  the  seed.  Thus, 
among  the  Juglandese,  Pterocarya  has  leaf-like  cotyledons, 
while  those  of  the  Walnut  never  quit  the  shell.    Every  one, 
however,  must  have  observed  the  elaborate  folds  into  which 
the  two  cotyledons  are  thrown— folds  which  seem  to  have  no 
significance  or  importance  now,  and  which  carry  us  back  to  a 
time  when  the  Wahiut,  like  the  Pterocarya,  had  foliaceous 
cotyledons. 

If  these  suggestions  be  correct,  we  should  expect  that 
species  with  non-emerging  cotyledons  would  generaUy  have 
large  seeds  and  be  exalbuminous.  This  certamly  appears  to 
be  the  rule  ;  among  the  species  with  reference  to  which  I  have 
notes,  there  are  37  genera  in  which  the  cotyledons  are  sub- 
terranean or  remain  in  the  seed.  The  seeds  themselves  are 
notably  large,  and  all  but  three  are  exalbummous.  Occasion- 
ally we  meet  with  subterranean  and  foliaceous  cotyledons  m  the 
same  genus,  as,  for  instance,  in  Ehus,  Ehamnus,  Mercuriahs,' 
Phaseolus,  &c. 

Phaseolus  vulgaris  presents  us  with  an  intermediate  stage, 
the  cotyledons  being  aerial  and  green,  but  fleshy  and  by  no 
means  true  leaves.  In  Melittis  mehssophyllum,  agam,  accord- 
ing to  Irmisch,2  the  fleshy  cotyledons  generaUy  reniam  m  the 
seed,  and  are  held  together  by  the  testa  :  but  they  sometimes 
burst  the  shell,  and  stand  out  from  one  another.  Like  true 
subterranean  cotyledons,  they  have  no  stomata. 

When  the  cotyledons  are  large,  thick,  and  fleshy  they 
often  contain  sufficient  nourishment  to  render  the  plants  for 

'  Winkler,  i?'Zom,  1880,  p.  339.  . 

'  '  Zur  Naturgeschichte  von  Melittis  Melissophyllum,'  Bot.  Zeit.  1858,  p.  ^66. 
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some  time  independent  of  any  fresh  supply.  In  such  cases 
the  seedhngs  sometimes  push  up  for  awhile  without  any  fully- 
developed  leaves,  the  first  few  being  reduced  to  very  small  size 
or  almost  obsolete,  as  in  Ehus  (fig.  44),  Sapindus  (fig.  43), 
Tropffiolum,  BerthoUetia,  Camellia,  Xanthochymus,  Calo- 
phyllum,  Calodendron,  Ochna,  Citrus,  Corylus,  &c. 


As  already  mentioned,  there  are  many  cases,  in  fact  many 
whole  orders,  in  which  the  ripe  seed  is  entirely  occupied  by 
the  embryo;  in  other  cases,  again,  as  in  Delphinium  (fig.  104), 
the  embryo  is  very  small,  and  examples  of  every  intermediate 
stage  might  be  given. 


Where  it  is  an  advantage  to  the  plant  that  germination 
should  be  rapid,  this  of  course  can  be  more  readily  secured  if 
the  embryo  is  large.  In  fact,  we  find  that  species  with  large 
embryos,  such,  for  instance,  as  Cabbage,  Pea,  &c.,  germi- 
nate much  more  rapidly  than  those,  such  as  UmbeUifers, 
Eanunculacese,  &c.,  in  which  the  embryos  are  small. 

On  the  other  hand,  in  some  cases,  time  is  less  important 
and  here  other  considerations  come  into  play.  The  protection 
of  the  embryo  is  mainly  effected  by  the  outer  coverings  •  but 
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Fig.  104— Longitudinal  and  transverse  sections  of  seed 
of  Belphinivm.  Staphysagria,  x  12. 
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the  endosperm  itself  contributes  also,'  and  hence  a  small 
embryo  is  less  liable  to  injury. 

Size  op  Cotyledons. 

It  is  hardly  necessary  to  say  that  the  size  of  the  plant  does 
not  determine  that  of  the  cotyledons.    Winkler  has  pomted 
out  that  the  largest  of  our  Nettles  has  the  smallest  cotyledons. 
It  is  on  the  other  hand,  natural  that  large  seeds,  as  a  general 
rule,'  produce  large  cotyledons.  This  is,  however,  by  no  means 
a  complete  explanation.    There  are  many  cases  m  which  the 
cotyledons  grow  considerably  after  quitting  the  seed.    In  the 
wonderful  genus  Welwitschia  it  was  at  one  time  supposed 
that  the  two  great  leaves  were  persistent  cotyledons.  This 
view  is  now  abandoned.    In  many  of  the  Monocotyledons, 
however,  the  cotyledons  acquire  a  considerable  length.  I  have 
already  had  occasion  to  allude  to  cases  among  the  Dicotyledons 
in  which  the  cotyledon  continues  to  grow  for  some  tune  after 

quitting  the  seed. 

Streptocarpus  Eexii  affords,  perhaps,  the  most  remarkable 
case.  The  cotyledons  are  at  first  small,  rotund,  and  shortly 
petiolate.  Soon,  however,  one  of  them  begins  to  grow  and 
becomes  an  at  first  ovate,  then  oblong,  and  finaUy  panduri- 

form,  obtuse,  entire,  persistent  leal, 
attaining  a  length  of  more  than 
18  inches.  The  other  cotyledon 
retains  the  original  form,  and  soon 
drops  off.  In  some  specimens,  how- 
ever, both  cotyledons  retain  their 
original  form,  and  it  is  the  first 
true  leaf  which  develops. 

In  the  cultivated  form  of  the 
Mango,  the  cotyledons  are  divided 
into  more  or  less  u-regular  lobes; 
and  in  a  specimen  kindly  given  me  by  Mr.  Kidley,  one  of  the 
lobes  developed  into  an  mdependent  plant. 

-  See  Marloth,  'Ueber  Mech.  Schutzmittel  der  Samen  gegen  schadliclie 
Einfliisse  von  Aussen,'  Engler's  Boi.  Jahrb.  1883,  p.  22o.  r,,,,^^- 
'  Ueber  die  Keimbliitter  der  deutschen  Dicotylen,'  Icrh.  Bot.  Ver.  Branden- 
burg, 1874,  p.  11. 


Fig.  105.— Seedling  of  CEnothera 
historta,  x  3. 
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Some  of  the  Onagrariese  have  seedlings  with  very  curious 
cotyledons.  For  instance,  I  was  greatly  puzzled  by  the  seed- 
ling of  (Enothera  bistorta,  in  which  (fig.  105)  the  cotyledons 
were  long  and  linear,  suddenly  widening  at  the  end  into  a. 
large  orbicular  expansion,  which  gives  them  a  very  peculiar 
appearance. 

In  Eucharidium  grandiflorum  (fig.  108)  the  form  of  the 
cotyledon  might  not  unnaturally  be  supposed  to  be  a  case 
similar  to  that  of  Malva.  In  reality,  however,  the  explanation 
is  very  different.    In  Eucharidium  the  lobes  have  nothing  tO' 


Pig.  106.— Seedling  of  Eucharidium     Fig.  107.— Eucharidium  grandiflorum  ■ 
grandiflorum,  x  3.  ten  days  after  germination,  x  3. 

do  with  the  arrangement  of  the  embryo  in  the  seed.  The 
young  plant,  indeed,  immediately  after  germination,  presents 
no  trace  of  them.  The  cotyledons,  when  they  first  emerge 
from  the  seed  (fig.  106),  are  oblong-orbicular,  sessile,  cordate 
or  auricled  at  the  base,  and  emarginate  at  the  apex,  with  a 
small  purple  tooth  in  the  notch :  they  grow  rather  rapidly, 
become  shortly  petioled,  and  develop  one  or  two  lateral' 
incurved  nerves  on  each  side  of  the  midrib. 

In  the  next  stage,  about  eight  days  after  germination,  they 
exhibit  a  very  slight  constriction  near  the  base  of  the 'coty- 
ledons, with  a  small  obtuse  tooth.   This  basal  portion  increases 
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much  more  rapidly,  while  the  growth  of  the  terminal  portion 
(which  is,  in  fact,  the  original  cotyledon)  becomes  gradually 


arrested.  The  tooth  becomes  more  marked  (fig.  107),  and  bj 
the  tenth  day  the  new  portion  is  obtusely  bidentate  or  crenate, 
and  nearly  equals  the  original  cotyledon  m  size. 
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In  its  final  form  (fig.  108)  the  new  portion  is  both  broader 
and  longer  than  the  true  cotyledon,  and  differs  from  it  not 
only  in  the  crenations,  but  in  the  possession  of  a  more  con- 
spicuous midrib  and  rather  stiff  hairs.  Not  only  is  this  basal 
portion  interesting  in  its  mode  of  development,  but  also 
from  its  similarity  to  the  subsequent  leaves.  In  fact,  as 
fig.  108  shows,  it  may  be  said  that  we  have  a  compound 
structure  formed  of  a  leaf  at  the  base,  terminated  by  the 
cotyledon. 

If,  indeed,  this  spe- 
cies stood  alone,  we 
might  regard  the  re- 
semblance as  acci- 
dental ;  but  we  find  a 
very  similar  growth  in 
other  allied  species. 

In  Clarkia  pulchella 
(fig.  109)  the  cotyle- 
dons immediately  after 
germination  closely  re- 
semble those  of  Eucha- 
ridium  grandiflorum 
(fig.  106).  In  a  short 
time     they  become 

broadly  ovate,  emar-   

ginate,  suddenly  nar-  Fia.  io9.-c^.rKa^.Zc;;r^wo.thirasnat.size 
rowed,   and  rounded 

at  the  base.  In  this  case  there  is  no  great  change  of  form  • 
but  while  the  margin  of  the  original  cotyledon  is  glabrous' 
that  ol  the  new  growth  and  of  the  true  leaves  (fig.  109)  is 
finely  cihate. 

In  (Enothera  stricta  the  cotyledons  immediately  after 
germmation  are  oblong,  obtuse,  slightly  auricled  at  the  base 
otherwise  entire,  sessile,  thinly  glandular-pubescent  on  the 
upper  surface,  and  ciliate.  By  continued  intercalary  growth 
at  the  base  they  eventually  become  (fig.  110)  spathulate,  ob- 
ovate  or  oblong-obovate,  obtuse,  with  a  tooth  on  each  side 
mdicatmg  the  point  of  union  of  the  original  cotyledon  and 
the  new  growth;  the  lower  part  with  a  distinct  midrib 
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and  tapering  much  at  the  base,  glabrous,  with  puberulous- 
pubescent  petioles,  connate  at  the  base. 

The  first  leaves  are  alternate,  lanceolate,  obtuse,  tapering 
to  the  petiole,  obsoletely  and  distantly  toothed  at  the  margins, 
and  like  the  cotyledons,  are  glabrous  with  pubescent  petioles. 

Similar  instances  have  been  observed  m  many  species  of 
Clarlda  and  (Enothera,  and  will  be  fully  described  m  the 
chapter  on  Onagrariete. 


Pig.  lW.-(Enothera  stricta,  thirty  days  after  germination.   Nat.  size. 


Here,  therefore,  we  have  an  interesting  group  m  which  at 
first  the  cotyledons  are  very  similar,  but  by  subsequent  growth 
at  the  base  develop  into  several  distinct  types,  m  each  case 
closely  resembling  the  leaf  characteristic  of  the  species.  ^  e 
can  therefore  have  little,  if  any,  doubt  that  this  growth  is 
influenced  by  the  form  of  the  leaf.  ,    .  j 

The  species  in  which  a  connection  may  perhaps  be  traced 
between  the  characteristics  of  the  leaves  and  those  of  the 
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cotyledons  are  so  few,  that  I  may  mention  here  that  of  Embelia 
Eibes  (fig.  111).  The  leaves  are  simple,  alternate,  exstipulate, 
petiolate,  alternately  incm^vinerved,  rather  thick  and  in- 
distinctly reticulate,  shining  on  both  surfaces,  bright  green 
above,  paler  beneath,  and  punctate  with  dark  green  sunken 
glands  eventually  becoming  black,  thinly  glandular-pubes- 
cent on  both  surfaces  ;  petioles  semiterete,  channelled  above, 
closely  glandular-pubescent,  tapering  downwards.  The  first 
leaf  is  broadly  ovate,  or  short-ellij)tic,  acute,  and  serrate  except 
towards  the  base.  The  second  is  similar,  but  less  broad ; 
the  third,  fourth,  and  fifth 
lanceolate,  each  rather  nar- 
rower than  the  preceding. 

The     cotyledons  are 
ovate,  obtuse  or  subacute, 
indistinctly  alternately  in- 
curvinerved,  and  reticulate, 
distantly  serrate  in  the 
upper  half,  petiolate  and 
tapering  into  the  petiole, 
glabrous,  bright  green  and 
shinmg  above,  paler  be- 
neath, thinly  glandular  on 
both  surfaces,  and  dotted 
with  sunken  black  glands  ; 
petioles  semiterete,  slightly 
furrowed     above,  finely 
glandular-pubescent.  Here 
it  will  be  observed  that  the  cotyledons  are  strikingly  like 
the  first  leaves;  and,  moreover,  that  there  is  a  regular  gra- 
dation from  the  broad  ovate  cotyledon  to  the  final  leaves 
which  are  narrow  lanceolate.   The  serration  of  the  cotyledons 
IS  a  very  rare  character,  which  makes  the  resemblance  in  this 
respect  all  the  more  significant. 

In  this  connection  alsol  may  perhaps  mention  Eschscholtzia 
tenuitolia.  I  have  already  described  i  and  figured  (fig.  40)  the 
germmation  of  E.  californica.  in  which  the  cotyledons  are 
long,  narrow,  and  deeply  bifid,  and  suggested  that  this  for 

'  Vide  supra,  p.  49. 


Fig.  111.— Seedling  of  Embelia  Bibes. 
Half  nat.  size. 
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eiicabled  them  more  easily  to  make  their  exit  from  the  seed. 
In  that  species,  where  the  cotyledons  are  deeply  bifid,  the 
leaves  also  are  much  cut  up.  In  E.  tenuifolia,  on  the  contrary, 
both  the  leaves  and  cotyledons  are  long  and  linear.  Here 
also  the  form  probably  facilitates  the  exit;  and  one  may 
perhaps  suggest  that  E.  cahfornica  exhibits  a  form  of  which 
E.  tenuifolia  represents  an  earlier  and  simpler  condition. 


Position  of  the  Embeyo  in  the  Seed. 

As  a  general  rule,  the  arrangement  and  position  of  the 
embryo  in  the  seed  is  approximately  the  same  within  the 
limits  of  any  one  genus.  There  are,  however,  many  ex- 
ceptions. 

In  the  genus  Plantago,  for  instance,  the  cotyledons 
sometimes  have  their  faces  and  sometimes  their  edges  to  the 
placenta.    This  difference  is  not  indeed  mentioned  either  by 

Barneoud  or  Decaisne  in  their 
A  B  respective  monographs  of  the 

family.  Bentham  and  Hooker, 
however,  say  ( *  Genera  Plan- 
tarum,'  vol.  iii.  p.  1223): — 
'Embryo  rectus  v.  rarius 
hippocrepicus,  hilo  parallelus 
V.  in  fructu  monospermo 
erectas  v.  transversus.' 

In  P.  media  the  fruit  is 
capsular,  dry,  membranous, 
2-celled  and  2-4-seeded.    The  seeds  (fig.  112,  A  and  B)  are 
plano-convex  or  subconcavo-convex,  peltate,  small,  with  equal 
obtuse  ends ;  or  with  the  basal  end  slightly  the  broader  ;  the 
testa  is  thin,  pale  brown  ;  the  hilum  a  little  below  the  middle 
on  the  ventral  aspect,  round,  and  deeper  brown  than  the  rest 
of  the  testa ;   the  raphe  tapers  from  the  hUum  obliquely 
towards  the  upper  end  of  the  testa.   The  endosperm  is  copious, 
fleshy,  and  white.    The  embryo  is  straight,  narrow,  white,  a 
little  shorter  than  the  endosperm,  and  embedded  in  it,  a  little 
nearer  the  dorsal  aspect  of  the  seed  and  somewhat  oblique  to 
the  median  axis  ;  the  cotyledons  are  linear-spathulate,  taper- 


Fig,  112. — Plantago  media.  A,  longitu- 
dinal section  of  seed,  x  8.  B,  trans- 
verse section  of  seed,  x  8. 


POSITION  OF  EMBRYO  IN  SEED 


67 


ing  towards  the  base,  obtuse,  entire,  and  with  their  faces 
towards  the  placenta ;  the  radicle  is  inferior,  obtuse,  and 
shorter  than  the  cotyledons. 

In  P.  lanceolata  (fig.  113)  the  capsule  is  also  2-celled,  with 
one  seed  in  each  cell.  The  seed  is  concave  on  the  ventral 
side,  at  first  pale  green,  at  length  becoming  yellow.  The 
hilum  is  oval,  forming  a  white  or  pale  spot  about  or  a  little 

below  the  middle  on  the  ventral  aspect.  The  endosperm  is 
abundant,  fleshy,  or  almost  horny  when  dry,  and  semitrans- 
parent.    The  embryo  is  straight,  white,  embedded  in  the 

endosperm,  and  a  little  shorter  than  the  seed.    The  cotyledons 

are  narrowly  oblong  or  linear,  obtuse,  plano-convex,  closely 

appHed  face  to  face,  and  with  their 

edges  to  the  placenta.    The  radicle 

is  narrower  than   the  cotyledons, 

inferior,  and  tapering  downwards. 
In  P.  Coronopus  the  capsule  is 

many-seeded.   The  seeds  are  oblong- 
oval,  suddenly  tapering  to  an  obtuse  „ 

point  at  the  lower  end,  small,  in  Trai';;;fi":^fi^:rtS; 

transverse   section   somewhat  dia- 

mond-shaped,  with  the  angles  rounded  off,  and  attached  to 
the  placenta  considerably  below  the  middle.  They  are  much 
smaller  than  those  of  P.  media,  and  differ  much  among  them- 
selves. The  embryo  is  comparatively  large,  straight,  central, 
nearly  equalhng  the  endosperm  in  length  ;  the  cotyledons  are 
mear  obtuse,  entire,  plano-convex,  thick,  closely  appHed  face 
to  face,  and  with  their  edges  to  the  placenta. 

In  Pmaritimathefruitis  narrowly  ovoid,  2-celled,  2-seeded. 
The  seed  IS  oblong-lanceolate,  biconvex  or  flattened  on  the 
ventral  side.  The  embryo  is  straight,  large,  and  nearly  fills 
the  seed;  the  cotyledons  have  their  edges  to  the  placenta. 

m  P.  Cynops  the  fruit  is  green,  with  a  pale  line  where  the 
two  carpels  come  together,  and  a  darker  one  along  the  middle 

''"^  "  appearance  of 

consisting  of  four  carpels,  2-celled,  2-seeded.  The  seed  is 
ova  e,  obtuse,  peltate,  compressed  dorsally,  concave  on  the 
ventral  side  smooth,  shining,  deep  green  when  young  ai^ 
sufcciently  transparent  to  show  the  embryo  by  transmit"  d 
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light.  The  embryo  is  straight ;  the  cotyledons  linear,  obtuse, 
entire,  closely  apphed  face  to  face,  with  their  edges  to  the 
placenta. 

In  P.  arenaria  and  P.  major  the  cotyledons  are  also  placed 
with  their  edges  to  the  placenta. 

I  was  for  some  time  much  puzzled  as  to  why  the  cotyledons 
in  P.  media  should  be  placed  differently  from  those  of  the 
other  species  examined ;  though  the  reason  seems  in  reahty 
very  simple.    At  first  I  thought  it  might  have  reference  to 
the  mode  in  which  the  embryo  emerges  from  the  seed  ;  but 
this  does  not  seem  to  have  any  bearing  on  it.    In  P.  lanceo- 
lata,  however,  and  its  allies  the  cotyledons  are  narrow  and 
thick  •  and  the  seed  being  somewhat  compressed,  it  will  be 
seen  from  fig.  113  that  if  the  embryo  had  been  placed  with 
the  faces  of  the  cotyledons  to  the  placenta,  it  would  not  have 
had  room  to  develop.  . 

On  the  other  hand,  in  P.  media  (fig.  112)  the  reverse  is  the 
case  •  the  cotyledons  are  thin  and  comparatively  wide ;  then: 
width,  in  fact,  is  greater  than  their  thickness.  It  follows  that, 
if  they  had  been  arranged  as  in  the  other  species,  they  would 
not  have  had  room  to  develop.  The  difference  of  position  is 
therefore  explained  by  the  fact  that  in  P.  media  the  width 
of  the  cotyledons  is  greater  than  the  thickness ;  while  m 
P  lanceolata  &c.,  on  the  contrary,  the  thickness  of  the  two 
cotyledons,  taken  together,  is  greater  than  then-  breadth.^ 

The  normal  arrangement  of  an  embryo  m  the  seed  is  to 
have  the  faces  of  the  cotyledons  turned  to  the  placenta. 
There  are,  however,  not  a  few  cases  in  which,  as  m  these 
species  of  Plantago,  the  cotyledons  have  their  edges  to  the 
placenta     When  this  is  the  case,  it  may  be  suggested  as 
possible  that  the  position  is  due  to  the  fact  of  the  seeds  being 
more  or  less,  in  some  cases  very  much,  flattened ;  and  that 
the  embryo  is  twisted  round  at  right  angles  to  its  normal 
position,  so  that  the  cotyledons  may  lie  in  the  broad  way  of 
the  seed,  as  in  Ailanthus,  Euonymus,  Passiflora,  Lmum, 
Fraxmus,  Diospyros,  HeUotropium,  and  many  Crucifers,  Legu- 
minosffi,  and  Eosacese.  +i,;q 
On  the  other  hand,  in  the  case  of  Claytoma  (fig.  lU)  tins 
explanation  will  not  apply.    There  would  appear  no  reason,  so 
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far  as  the  seed  is  concerned,  why  the  cotyledons  should  not  lie 
in  the  usual  position. 

It  has  occurred  to  me  that  perhaps  the  arrangement  of 
the  cotyledons  may  have  reference  to  their  exit  from  the  seed. 
If  we  examine  a  germinating  seedling  of  Claytonia,  we  shall 
see  that  the  testa  splits  vertically  from  the  micropyle,  and  the 

A  B 


Fig.  Hi.— Claytonia  perfoUata.   A,  transverse  section  of  seed,  x  15. 
B,  seedling,  x  6. 

cotyledons  from  their  position,  when  they  separate,  act  with 
greater  advantage  in  enlarging  the  orifice,  and  thus  securing 
their  exit,  than  they  would  if  they  occupied  the  more  usual 
position.  This,  however,  I  only  throw  out  as  a  suggestion 
which  requires  further  investigation. 

When  the  seed  is  flattened  laterally,  the  embryo  must 
either  be  narrow  or  lie  with 
the  edges  of  its  cotyledons 
to  the  placenta. 

For  instance,  in  HeHo- 
phila  pilosa  var.  incisa  the 
seeds  (fig.  115,  A  and  B) 
agree  closely  in  form  with 
those  of  Cheiranthus  (C. 
Cheiri)  (figs.  73  and  74); 
they  are  oblong-obtuse  at 
each  end,  compressed  dor- 
sally,  with  a  notch  at  one  end,  and  in  section  are  narrow  elliptic  • 
but  while  the  cotyledons  of  Cheiranthus  are  broad,  in  Heliophila 
they  are  long  and  linear.  The  reason  of  this  may  be  that  while 


Pig.  115.— Heliophila  pilosa.  A,  longitu- 
dinal section  of  seed,  x  12.  B  trans- 
verse section  of  seed,  x  12. 
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in  Cheiranthus  and  other  Arabideie  the  pods  are  flattened  dor- 
sally  and  the  cotyledons  are  accumbent  in  the  broad  way  of 
the  seed  (figs.  73  and  74),  those  of  the  Sisymbriese,  to  which 
Heliophila  belongs,  have  (fig.  115,  A  and  B)  the  cotyledons  in- 
cumbent, so  that  they  lie  across  the  seed,  and  it  is  consequently 
an  advantage  that  they  should  be  linear. 

Similar  cases  occur  in  other  Orders,  as  for  instance  m 
Caryophyllaceffl  and  Solanacese. 


Concluding  Ebmarks. 

The  conditions  under  which  the  seedlings  are  grown 
naturally  exercise  some  influence  on  the  form  of  the  leaves. 
For  instance,  in  Mimulus  luteus,  if  the  seedlings  have  sufficient 
room  the  first  leaves  are  shortly  stalked  and  deltoid,  while  the 
primary  nodes  are  but  little  developed  ;  on  the  contrary,  if 
they  are  more  crowded,  the  internodes  and  petioles  are  longer 
and  the  leaves  are  oval. 

In  the  Primrose  we  find  an  arrangement  which  almost 
seems  as  if  it  were  intended  to  give  the  seedling  some  power 
of  locomotion.    The  hypocotyl  is  sometimes  horizontal,  and 
throws  out  strong  adventitious  roots,  the  upper  part,  how- 
ever, becoming  vertical  as  usual. 

As  a  general  rule,  the  first  buds  produced  by  the  seedlings 
are  in  the  axils  of  the  leaves,  or  more  rarely  of  the  cotyledons. 
In  some  species  of  Linaria,  however,  the  hypocotyl  itself  throws 
out  one  or  more  buds  which  develop  into  branches.  The 
advantage  of  this  may  be  that,  if  the  main  shoot  is  cropped 
or  broken  even  down  to  the  root,  the  plant  is  capable  of 
throwing  up  another  stalk.  _ 

We  thus  find  an  almost  inexhaustible  series  of  beautitul 
adaptations  to  purpose.  On  the  other  hand,  there  are  not 
wanting  cases  in  which  it  would  seem  that  the  adaptation  is 
not  complete,  or  that  a  certain  change,  which  has  been  of 
superior  importance,  has  involved  a  mmor  evil.  _ 

The  Oak,  Beech,  Nut,  &c.  afford  us  a  very  mteresting 
series  of  species.  Fig.  117  represents  a  diagram  of  a  Nut 
with  the  parts  somewhat  separated  from  one  another,  so  as  to 
show  the  relations  more  clearly.    The  mycropyle  (m)  is  at  the 
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apex  of  the  seed.  The  ovule,  however,  is  not  straight  and 
orthotropous,  which  would  be,  or  at  any  rate  seem  to  be,  the 
simplest  arrangement.  Quite  the  contrary,  for  we  find  a  long 
placental  axis  (pi)  which  extends  to  the  apex  of  the  nut,  and 
from  which  starts  a  raphe  (r),  which  returns  about  half  way 
back  again  to  the  place  where  the  true  attachment  or  chalaza 
(ch)  is  situated.  I  have  in  vain  endeavoured  to  discover  or 
imagine  any  circumstances  which  would  render  this  complex 
arrangement  specially  adapted  to  present  conditions.  It  would 
seem  as  if  it  would  be  simpler  and  give  Nature  less  trouble  if 
the  ovule  sat  directly  with  its  base  on  the  stalk,  thus  doing 
away  with  both  the  placental  axis  (pi)  and  the  raphe  (r). 

This  view  is  strengthened  by  the  fact  that  such  an  arrange- 
ment has  been  in  fact  nearly  attained  by  the  Oak.   The  ovule 


Fig.  116— Seed  of  Oak  (Quercus 
pedunculata).  Nat.  size,  o, 
abortive  ovule. 


Fig.  117.— Seed  of  Nut  {Conjlua 
ayellana).  Nat.  size,  o,  abor- 
tive ovule. 


in  this  genus  is  theoretically  anatropous,  but  the  placental 
axis  and  the  raphe  are  both  greatly  shortened  (fig.  116),  so 
that  the  distance  which  the  nourishment  has  to  traverse  is 
much  less,  though  the  actual  place  of  attachment  remains  the 
same.  The  Oak  in  fact  seems  to  have  appreciated  the  difii- 
culties  of  the  situation,  and  to  have  in  great  measure  neutrahsed 
them.  Is  it  fanciful  to  imagine  that  some  ages  hence  the  Oak 
may  be  practically  orthotropous  ? 

But  why  should  these  species  be  anatropous  if  it  is  an 
advantage  to  be  orthotropous  ?  On  this  question  some  light 
is  thrown  by  the  fact  that  while  one  seed  only  comes ''to 
maturity,  the  ovary  contains  originally  several  cells  each  with 
one  or  two  ovules,  though  none  of  the  others  come  to  any  thin  cr 
They  can,  however,  easily  be  seen,  either  at  the  apex  of  the 
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seed,  as  in  the  Nut  (fig.  117,  o),  Beech  (Fagus),  &c.,  or,  as  in 
the  Oak  (fig.  116,  o),  near  the  base.  Their  presence  appears 
to  indicate  that  these  species  are  descended  from  ancestors 
the  fruit  of  which  was  composed  of  several  cells,  each  with 
more  than  one  seed— a  state  of  things  therefore  very  unlike 
the  present,  and  when  the  anatropous  condition  would  be  an 
advantage.  If  this  view  be  correct,  the  structure  of  the  fruit 
in"  the  Nut,  Beech,  &c.  becomes  peculiarly  interesting,  because 
it  represents  a  case  in  which  the  present  arrangements  are 
not  those  in  all  respects  most  convenient  to  the  plant,  and 
renders  it  probable  that  the  same  explanation  may  apply  to 
other  cases  of  difficulty. 

J  We  meet  indeed  with  a  great  many  cases  in  which  a  larger 
or  smaller  number  of  the  ovules,  often  all  but  one,  fail  to 
become  developed.  In  some  of  them  we  may  perhaps  see  a 
provision  to  increase  the  chances  of  fertihsation.  There  are 
others,  however,  in  which  this  explanation  will  not  hold  good. 
In  Ptelea,  for  instance,  the  ovary  contains  2-3  cells,  each 
containing  two  ovules,  one  inserted  rather  above  the  other, 
and  the  inferior  ovule  constantly  fails  to  develop.  In  this  and 
other  simHar  cases  we  can  hardly  doubt  that  the  existence  of 
this  second,  and  now  functionless,  ovule  carries  us  back  to  a 
time  when  the  ancestors  of  our  present  Ptelea  habitually  pro- 
duced two  seeds. 

In  Paliurus  the  fruit  normally  contains  three,  but  some- 
times only  two,  loculi,  each  with  a  single  seed.  Again,  in 
Myagrum  the  ovary  is  spuriously  3-celled,  but  the  two  outer 
ceUs  produce  no  seed.  In  Htemanthus  there  are  three  ceUs, 
each  containing  a  seed,  only  one  of  which,  however,  comes  to 
maturity.  In  Convallaria  there  are  three  cells,  each  with  two 
ovules,  but  only  one  of  the  six  is  generally  developed.  In 
Phillyrea  and  Canarium  there  are  two  ovules,  only  one  of 
which  is  developed  ;  and  we  meet  with  similar  cases  m 
Gyrinopsis,  Jasminum,  iEsculus,  Cordia,  and  many  others. 

From  the  point  of  view  as  to  the  origm  of  these  differences, 
the  variations  in  seedlings  offer  great  mterest.  For  example, 
out  of  135  seedlings  of  Lepidium  sativum  (which,  as  already 
mentioned,  differs  from  the  rest  of  the  genus  m  havmg  tri- 
partite cotyledons),  no  less  than  25,  or  as  much  as  18^  per 
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cent.,  differed  from  the  type,  and  had  this  character  more  or 
less  imperfectly  developed.  Under  cultivation  the  seedlings 
of  Primula  sinensis  often  have  one  of  the  cotyledons  deeply 
bifid;  in  one  lot  of  seedlings  this  was  the  case  with,  for 
instance,  over  20  per  cent,  of  the  plants. 

In  Poterium  Sanguisorba  the  calyx-tube  generally  contains-, 
one,  but  sometimes  two  or  even  three  achenes.  In  Eanunculus,, 
occasionally,  the  petioles  of  the  cotyledons  are  connate. 

In  (Enothera  the  cotyledons  are  either  straight,  or  with 
one  or  both  involute.  Irmisch  states  that  the  cotyledons  of 
Clematis  recta,  which  are  usually  aerial,  sometimes  remain 
below  ground ;  while  the  reverse  is  the  case  in  MeHttis,  and, 
according  to  Wmkler,  in  Dentaria  and  Mercuriahs,  for  the 
cotyledons,  which  are  generally  fleshy  and  subterranean, 
sometimes  rise  above  ground  and  form  small  green  leaves. 

Many  species  occasionally  have  one  or  both  cotyledons 
divided.' 

In  Kheum  the  cotyledons  are  generally  parallel,  but  in 
some  cases  one  of  them  is  placed  more  or  less  obliquely  with 
reference  to  the  other. 

In  Fagopyrum  the  position  and  arrangement  of  the  coty- 
ledons in  the  seed  vary  greatly.  The  cotyledons  are  turned 
about  after  striking  into  an  angle  of  the  seed,  and  then,  follow- 
ing the  testa,  assume  very  various  positions.  In  Carum  Carui 
the  cotyledons  sometimes  have  their  backs  to  the  axis  of  the 
fruit,  and  sometimes  their  edges,  while  at  others  they  are  oMique. 

In  Cheiranthus  pygmaeus  the  cotyledons  are  said  to  be 
sometimes  accumbent,  sometimes  incumbent,  and  straight  or 
convolute,  even  in  the  same  pod. 

It  would  be  easy  to  multiply  such  cases,  but  I  will  only 
mention  one  more,  in  which  I  will  venture  to  suggest  a  reason 
for  the  variation.  In  Acer  (fig.  118,  i),  the  embryo  originates 
m  a  short  tubular  cavity  opposite  the  micropyle,  and  is  at 
first  straight,  with  an  extremely  short  turbinate  radicle,  and 
ovate,  obtuse,  closely  adpressed  cotyledons.  As  growth' con- 
tinues the  embryo  extends  itself  along  the  lower  side  of  the 
seed,  and  curves  with  it,  becoming  gradually  lanceolate,  or 

'  See  Goebol,  Grundzilga  Sijst.  Spec.  Pflanzcn-Morphologic,  p.  505-  or 
Eng.  trans.,  Outlines  of  Classification  &c.  p.  446. 
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oblong-lanceolate  (fig.  118,  2).  When  the  cotyledons  have 
reached  the  upper,  narrow  end  of  the  seed,  the  curvature  of 
the  wall  turns  them  down  again  on  themselves  (fig.  118,  3). 
This  growth  is  continued  until  the  tips  reach  the  radicle  again, 
and  the  ultimate  arrangement  of  the  embryo  differs  according 
to  whether  they  then  curve  inwards  or  outwards.  This,  again, 
seems  to  depend  on  the  exact  direction  of  the  growth  of  the 
cotyledons.  If  they  strike  (fig.  118,  6)  agauist  the  process 
which  encloses  the  radicle,  then  their  general  direction  natu- 
rally carries  them  outwards,  until  the  wall  of  the  seed  again 
turns  them  upwards,  so  that  they  become  plicate  ;  if,  on  the 
contrary,  the  tips  of  the  cotyledons  pass  just  within  the 


1  a  3 


Fig.  ns.— Acer  Pseudo-Plaiarlus.    Sections  df  Seed  in  seven  successive 
stages,  showing  growth  of  embryo,  x  3. 


micropylar  process  and  touch  the  radicle,  then  they  are  com- 
pelled to  grow  in  the  opposite  direction,  and  they  become 
spirally  coiled.  In  the  specimens  examined  the  latter  arrange- 
ment was  exceptional. 


Forms  of  the  First  Leaves. 

Some  particulars  with  reference  to  the  first  leaves  and  the 
transition  between  them  and  those  of  the  final  form  will  be 
found  in  the  following  pages.  I  will  only  here  observe  that 
the  first  leaves  are  generally  simple,  or  at  any  rate  simpler 
than  those  which  follow. 

In  species  with  trifoliate  leaves,  the  first  leaf  is  generally 
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simple,  as  in  the  Clovers.  When  the  mature  leaves  are 
pinnate,  the  first  ones  are  generally  trifoliate ;  and  when  the 
final  leaves  are  bipinnate,  the  first  ones  are  generally  pinnate. 
I  have  already  observed 
that  species  with  lobed  or 
palmate  leaves  often  com- 
mence with  one  or  more 
which  are  entire  and 
heart-shaped. 

In  most  cases,  there- 
fore, the  first  leaves  are 
simpler  than  those  which 
follow.  In  species  from 
very  dry  locahties,  how- 
ever, the  reverse  is  often 
the  case.  For  instance, 
in  Lasiopetalum  ferrugi- 
neum    (fig.    119),  from 


Fig.  119. — Seedling  of  Lasiopetalum 
ferrugineum.    Half  nat.  size. 


Adelaide,  the  first  few  leaves  are  spathulate  and  more  or  less 
lobed,  the  final  ones  linear.  Again,  in  Dodonsea  viscosa,  also 
from  Adelaide,  the  first  leaves  are  lobed,  the  subsequent  ones 
simple.    Heterospermum  is  another  interesting  case. 


Eelation  of  the  Seedling  to  the  Seed. 

To  return  for  a  moment  to  the  case  of  seedHngs.  The 
question  of  course  arises  whether  the  embryo  conforms  to  the 
seed,  or  whether  the  shape  of  the  seed  is  determined  with 
reference  to  the  form  of  the  cotyledons.  The  seeds,  however,  are 
evidently  constructed  with  reference  to  the  habits,  conditions, 
&c.  of  the  plant.  I  have  elsewhere  dealt  with  the  structure  of  the 
seed,  and  must  content  myself  here  with  the  simple  statement 
that  we  have  no  reason  to  suppose  that  it  is  influenced  by  the 
form  of  the  embryo.  On  the  other  hand,  it  seems  equally 
clear  that  the  form  of  the  embryo,  and  especially  of  the  coty- 
ledons, is  essentially  influenced  by  that  of  the  seed. 

The  Tea  {Thea),  for  instance,  presents  us  with  a  very  in- 
teresting case,  in  which  the  cotyledons  vary  greatly  in  shape 
following  that  of  the  seed,  and  depending  on  the  number  of 
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ovules  which  develop;  they  are  contained  in  a  wooden  capsule, 
and  are  variously  compressed.  In  Citrus  also  the  cotyledons 
are  unequal  and  irregular,  several  embryos  being  contained 
in  each  seed,  and  sometimes  squeezed  together  in  the  utmost 
confusion. 

In  several  other  cases  among  those  which  have  been 
already  referred  to,  we  can  hardly  doubt,  I  think,  that  the 
form  of  the  cotyledon  has  been  affected  by  the  seed  and  not 

vice  versa.  . 

Let  me  in  conclusion  take  one  other  illustration.  The 
cotyledons  of  the  Sycamore  (fig.  9)  are  long,  narrow,  and 
strap-like;  those  of  the  Beech  (fig.  13)  are  short,  very  broad, 
and  fan-like.  Both  species  are  exalbuminous,  the  embryo 
occupying  the  whole  interior  of  the  seed. 

■  Now  in  the  Sycamore  the  seed  is  more  or  less  an  oblate 
spheroid,  and  the  long  ribbon-like  cotyledons,  being  rolled  up 
into  a  ball,  fit  it  closely,  the  inner  cotyledon  being  often 
somewhat  shorter  than  the  other.  On  the  other  hand,  the 
nuts  of  the  Beech  are  more  or  less  triangular :  an  arrange- 
ment like  that  of  the  Sycamore  would  therefore  be  utterly 
unsuitable,  as  it  would  necessarily  leave  great  gaps.  The 
cotyledons,  however,  are  folded  up  like  a  fan,  but  with  more 
comphcation,  and  in  such  a  manner  that  they  fit  beautifully 
into  the  triangular  nut. 

Can  we,  however,  carry  the  argument  one  stage  further  ? 
Why  should  the  seed  of  the  Sycamore  be  globular,  and  that 
of  the  Beech  triangular  ?  Is  it  clear  that  the  cotyledons  are 
constituted  so  as  to  suit  the  seed  ?  May  it  not  be  that  it  is 
the  seed  which  is  adapted  to  the  cotyledons  ?  In  answer  to 
this  we  must  examine  the  fruit,  and  we  shall  find  that  m  both 
cases  the  cavity  of  the  fruit  is  approximately  spherical.  That 
of  the  Sycamore,  however,  is  comparatively  small,  say  i  mch 
in  diameter,  and  contains  one  seed,  which  exactly  conforms 
to  the  cavity  in  which  it  Hes.  In  the  Beech,  on  the  contrary, 
the  involucre  is  at  least  twice  the  diameter,  and  contains 
from  two  to  four  fruits,  which  consequently,  m  order  to 
occupy  the  space,  are  compelled  (to  give  a  familiar  illustration, 
like  the  segments  of  an  orange)  to  take  a  more  or  less  tri- 
angular  form. 
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Thus,  then,  in  these  cases,  starting  with  the  form  of  the 
fruit,  we  see  that  it  governs  that  of  the  seed,  and  that  of  the 
seed  again  determines  that  of  the  cotyledons.  But  though 
the  cotyledons  often  follow  the  form  of  the  seed,  this  is  not 
invariably  the  case :  other  factors  must  also  be  taken  into 
consideration ;  but  when  this  is  done,  we  can,  I  venture  to 
think,  throw  much  light  on  the  varied  forms  which  seedlings 
assume. 
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EANUNCULACE^. 

Bentham  et  Hooker,  Genera  Plantarum,  i.  1. 

Fruit  and  Seed. — The  fruits  of  Eanunculacese  are  either 
achenes  often  more  or  less  pointed,  sometimes  feathery 
(Clematis,  some  species  of  Anemone),  or  follicles,  sometimes 
united  into  a  capsule  (Nigella),  or  one-  to  few-seeded  berries 
(Actsea). 

The  seeds  are  erect,  pendulous,  or  horizontal ;  '  the  embryo 
is  minute  except  in  Trautvetteria. 

The  shape  of  the  seed  varies  with  that  of  the  carpels 
and  the  number  of  ovules.  There  are  four  principal  types  : 
rounded  and  smooth,  granular,  angular,  and  winged. 

When  the  fruit  is  an  achene  (Kanunculus,  Clematis,  Ane- 
mone) the  shape  of  the  seed  conforms  to  the  interior  of  the 
achene. 

In  Thalictrum  the  achenes  are  ribbed,  in  Eanunculus  they 
are  wrinkled  (water  forms),  or  smooth,  in  some  slightly  hau-y, 
in  others  (K.  arvensis,  E.  parviflorus)  covered  with  tubercles, 
or  spines  which  are  often  more  or  less  hooked,  and  probably 
serve  to  promote  the  dispersion  of  the  seeds.  In  some  (E. 
scapigerus,  E.  multiscapus,  &c.)  the  style  itself  is  hooked.  In 
other  cases  dispersion  is  aided  by  the  presence  of  wings,  or  by 
a  long  feathery  process  consisting  of  the  persistent  style.  This 
also  serves  a  useful  purpose  by  fixing  the  seed  to  the  ground 
and  thus  enabling  the  seedling  to  emerge  from  the  testa ;  as, 
for  instance,  in  Clematis  gi'aveolens. 

•  The  ovules  are  anatropous,  either  solitary,  erect,  and  with  a  ventral  raphe 
(Eanunculeffi),  or  pendulous  with  a  dorsal  raphe  (Cleniatidcaj,  Anenionea>). 
The  result  of  this  is  that  in  both  the  pollen-tube  has  direct  access  to  the  micro- 
pyle,  which  would  not  otherwise  be  the  case. 
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In  Clematis  foetida  the  hairs  are  very  long,  but  are  confined 
to  the  lower  part  of  the  style ;  while  in  others,  as  for  instance 
in  C.  Viticella,  the  style  is  quite  short. 

So  also  in  Anemone,  some  species,  as  for  instance  A.  vir- 
giniana,  have  the  achenes  hairy,  terminating  in  a  short,  more 
or  less  curved,  horn  ;  while  in  others  the  achene  bears  a  long 
feathery  tail. 

In  the  Helleboreje  the  fruit  is  follicular,  with  numerous 
horizontal  ovules ;  and  the  seeds  are  winged  (Nigella  orien- 
tahs),  rounded  (some  species  of  Nigella),  smooth  (Aquilegia), 
or  angular  (some  Delphiniums).  This  latter  difference  is 
perhaps  due  to  the  fact  that  in  Aquilegia  many  of  the  ovules 
become  aborted,  so  that  the  seeds  have  plenty  of  room 
to  expand,  while  in  Delphinium  they  are  generally  crowded 
together. 

In  Aquilegia  the  plants,  when  agitated  by  the  wind,  scatter 
the  seeds  in  all  directions,  and  their  smoothness  under  these 
circumstances  perhaps  facihtates  their  dispersal. 

Nigella  orientaHs  differs  from  most  of  its  congeners  in  the 
possession  of  winged  seeds.  The  testa  is  loose  and  reticu- 
lated. 

Actsea  has  baccate  fruits,  with  numerous  angled  seeds. 
The  testa  is  very  thick. 

Cotyledo7is.—The  prevalent  type  of  the  cotyledons  is  broad, 
and  bluntly  ovate.  They  are  typically  three-  to  five-veined,' 
though  the  variation  is  not  easily  seen  in  fresh  specimens' 
They  are  larger,  as  a  general  rule,  in  the  annual  than  in  the 
perennial  species.  In  some  of  the  marsh  species  they  are 
narrow  and  somewhat  elongated,  as  is  also  the  case  with  the 
leaves. 

The  cotyledons  generally  have  a  petiole,  but  sometimes 
they  are  sessile,  as  for  instance  in  Delphinium  Staphysagria 
(fig.  135).  This,  as  I  have  suggested  in  my  introductory 
chapter,  is  perhaps  because,  while  those  of  Delphinium  elatum, 
for  mstance  (fig.  136),  are  attached  close  to  the  ground,  those 
of  D.  Staphysagria  are  carried  up  by  the  hypocotyl,  and  do 
not  therefore  require  stalks  of  their  own. 

The  greatest  amount  of  modification  occurring  in  any  one 
genus  is  perhaps  found  in  Anemone.    In  A.  nemorosa  tlie 
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cotyledons  are  connate  by  their  edges,  forming  a  tube  obliquely 
split  at  the  top.  The  petioles  of  the  cotyledons  are  more  or 
less  connate  in  most  species  at  the  base  ;  they  are  united  for 
half  their  length  in  A.  Coronaria,  nearly  to  the  top  in  A. 
rupicola,  and  quite  so  in  A.  polyantha.    In  Anemone  nemo- 

rosa  the   petioles  are  completely  sup- 
pressed. 

Connate  petioles  also  occur  in  Trol- 
lius,  Delphinium  nudicaule  (fig.  137),  D. 
trollifolium,  and  in  some  other  species 
to  the  same  extent  as  in  Anemone  poly- 
antha. 

In  Clematis  recta  the  cotyledons  are 
fleshy  and  do  not  leave  the  seed.  As 
usual  in  such  cases  the  first  few  leaves  are 
reduced  to  scales- 
Clematis  recta,  L.,  var.  lathyrifolia  (fig. 
120). 

Primary  root  yellowish,  with  short  lateral 
rootlets. 

Hypocotyl  short  and  tapering  into  the 

primary  root. 

Cotyledons  petiolate,  subterranean,  and  not 

leaving  the  seed. 

Stem  erect,  terete,  but  becoming  angular 
above,  glabrous;  1st  internode  (in  sketched 
specimen)  short  and  hidden  by  remains  or 
sheaths  of  cotyledons;  2nd  2  mm.  long; 
3rd  6  mm. ;  4th  7  mm. ;  5th  18  mm. ;  6th 
11-5  mm. 

Leaves  compound  in  the  adult  plant, 
simple  in  seedling  stage,  cauline,  opposite, 
exstipulate,  petiolate,  glabrous,  green  above, 
subglaucous  beneath. 
The  leaves  of  Nos.  1-3  pair  inclusive  had  faUen  off;  as  above 
mentioned  they  are,  as  usual  in  such  cases,  quite  smaU. 
No.  4  pair,  rotund-ovate,  obtuse,  entu-e. 
No.  5  pair,  rotund,  obtuse,  entire,  sub-trmerved. 
No.  G  pair,  ovate,  acute,  entire,  trinerved  at  the  base. 
Ultimate  leaves  (in  this  variety)  bipmnate,  leaflets  lanceolate. 


Fig.  120— Clematis 
recta,  var.  lathyri- 
folia.   Nat.  size. 
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entire,  acute,  three-  or  five-nerved ;  terminal  one  larger,  trifid,  or 
tripartite,  or  divided  to  the  rachis. 

Clematis  recta,  L. 

Fruit  an  achene  very  shortly  stipitate,  broadly  oval,  much  com- 
pressed laterally,  deep  brown,  nearly  or  quite  glabrous,  terminated 
by  a  long,  feathery,  persistent  style  ;  walls  of  achene  very  much 
thickened  at  the  sutures  by  a  mass  of  cortex  on  each  side,  making 
in  all  four  pieces  ;  considerably  thinner  at  the  sides. 

Seed  suborbicular  and  conforming  to  the  interior  of  the  achene, 
with  rounded  or  obtuse  edges ;  outer  seed-coat  (testa)  thicker, 
deep  brown  ;  inner  (tegmen)  very  thin,  membranous,  pale  brown  ; 
hilum  and  micropyle  at  the  upper,  basal  end  of  the  seed ;  funicle 
short. 

Endosperm  copious,  fleshy,  white. 

Embryo  minute,  straight,  colourless,  lying  in  the  endosperm, 
close  to  its  upper  end  and  towards  the  dorsal  edge  of  the  seed. 

Cotyledons  sessile,  obtuse,  entire,  plano-convex,  lying  closely 
appHed  face  to  face  in  the  narrow  plane  of  the  seed ;  radicle  very 
short,  and  blunt,  shorter  than  the  cotyledons,  close  to  the  upper 
end  of  the  endosperm. 

Clematis  graveolens,  Lindl,  var.  orientalis  (fig.  121). 
_  Achene  narrowly  ellipsoid,  laterally  compressed,  densely  covered 
with  silky  ascendmg  hairs,  and  ending  in  a  long,  feathery  style ; 
pericarp  comparatively  thin. 

Seed  conforming  to  the  interior  of  the  achene,  suspended  from 
near  the  apex  of  the  cell,  anatropous  ;  seed-coats  thin. 

Endosperm  as  in  C.  recta. 

Embryo  differs  from  that  of  C.  recta  in  being  larger,  and 
in  the  ovate,  or  suboval  cotyledons  lying  in  the  broader  plane 
of  the  seed,  i.e.  with  their  backs  to  the  sides  of  the  seed  and 
their  edges  to  the  sutures ;  radicle  oblong,  obtuse,  stout,  about 
equal  m  length  to  the  cotyledons,  but  less  in  diameter  than  their 
breadth. 

The  radicle  in  germination  pushes  out  at  the  apex  of  the 
achene,  which  splits  rather  deeply  into  two  valves,  thus  allowing 
the  embryo  free  exit.  The  primary  root  develops  numerous 
root-hairs  at  an  early  stage,  which  fix  the  seedling  firmly  in  the 
soil. 

The  achene  is  rarely  if  ever  carried  up  by  the  cotyledons  but  is 
securely  fixed  in  the  soil  by  the  long,  feathery,  persistent  style. 
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The  cotyledons  (fig,  121)  are  lanceolate,  obtuse,  narrowed  at 
the  base  into  a  short  petiole,  obscurely  trinerved,  glabrous,  pale 
greenish-yellow,  but  not  yet  properly  coloured,  or  full-sized.  Hypo- 
cotyl  rather  long,  slender,  almost  colourless  or  tinged  with  purple 
at  the  apex,  glabrous. 


Atragene  alpina,  L.  (fig.  122), 

Hypocotyl  terete,  pale  green,  emerging  4  mm.  above  the  soil. 

Cotyledons  slightly  pubescent,  dark  green,  petiolate  ;  lamina 
ovate,  obtuse,  8  mm.  long,  6  mm.  broad ;  petiole  flattened  above, 
6  mm.  long. 

Stem  undeveloped  in  seedling  stage. 

Leaves  of  seedling  simple,  radical  (ultimately  cauUne),  appa- 
rently alternate  or  the  pairs  very  unequally  developed,  subdis- 
tichous,  exstipulate,  pub- 
escent, deep  green,  peti- 
olate, petioles  channelled 
above,  dilated  and  clasp- 
ing at  the  base,  pubes- 
cent. 

No.  1.  Small,  trans- 
versely oblong  or  oval. 

No,  2.  Broader  than 
Jong. 

No.  3.  Transversely 
oval,  obscurely  tridentate. 

No.  4.  Trilobed  with 
obtuse  or  emarginate 
lobes. 

No.  5.  Trifid ;  middle 
lobe  broadly  obovate,  emarginate,  lateral  lobes  bidentate. 

No.  6  Tripartite;  middle  lobe  rotund-cmieate,  tridentate; 
lateral  lobes  transversely  broadest,  unequally  dentate  along  the 

No.  7.  Tripartite;  lobes  broadly  obovate,  emarginate. 
JNo.  8.  bubremform,  shortly  trifid. 


Fig.  122.— Atragene  alpina,  var.  genuina. 
mt.  size.  The  numbers  indicate  the  order 
of  development  of  the  leaves. 


Anemone  rivularis,  Buchan.  (fig.  123). 


PnW^/  root  stout,  tapering  downwards,  dark-coloured  or  brown 
with  lateral  rootlets  of  same  colour. 

Hypocotyl  short,  stout,  white  or  suffused  with  red,  8-4  mm.  long. 
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Cotyledons  foliaceous,  glabrous,  petiolate ;  petiole  semiterete 
channeUed  above,  dilated  and  connate  at  the  base,  bright  reddish 
purple,  12  mm.  long;  lamina  oval,  obtuse, 
mucronate,  obscurely  trinerved,  1  cm.  long, 
C  mm.  broad. 

Stem  herbaceous. 

Leaves  radical  (ultimately  cauline),  simple, 
alternate,  exstipulate,  petiolate,  hairy  all  over  ; 
petioles  semiterete,  channelled  above,  dilated 
towards  the  base. 

No.  1.  Beniform,  deeply  tripartite,  five- 
nerved;  middle  segment  cuneate,  three-  to  five- 
toothed  above ;  teeth  triangular,  mucronate, 
frequently  aristate  ;  lateral  segments  bifid  and 
toothed  above ;  teeth  similar  to  those  of  the 
middle  segment. 

Anemone  fulgens,  Gay. 
Primary  root   slender,  flexuous,  brown, 
densely  covered  with  root-haks. 

Hypocotyl  subterranean,  shortly  fusiform, 
deep  brown  and  covered  with  longitudinal  corky 
ridges,  3-5  mm.  long,  fleshy  or  tuberous. 

Cotyledons  roundly  ovate,  oblique,  varying 
greatly  in  shape  and  size,  smaller,  but  other- 
wise very  similar  to  those  of  A.  rivularis. 

Stem  subsequently  forming  an  underground 
fleshy  rhizome,  and  not  developed  in  the  seedhng. 

Leaves  simple,  radical,  alternate,  exstipu- 
late, petiolate,  with  the  petiole  sheathing  at 

to  five  cuspidate  teeth ;  finely  cihate. 
Anemone  Coronaria,  L} 

TT      r.in,i  onnnvpssed  or  very  short  and  subterranean. 
?rr/ot  Xetles  com.ate  for  twctWds  of  their  length, 
Cotyledons      J  ^  „f   etioles  terete, 

SSeToi^erside;  n.h  ova,  or  oh.ong,  e.arghrate, 

glabrous,  5  mm.  long,  3-5  mm.  broad.  _ 
^    Sim  a  subterranean  fleshy  rhizome,  perennial. 

'  Irmisch,  Bot.  Zeit.  1856,  taf.  i. 


Fig.  123. — Anemone 
rivularis.  Nat.  size. 
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Leaves  radical,  ternately  cut,  alternate,  exstipulate,  petiolate; 
petioles  subterete,  channelled  above,  sheathing  at  the  base. 

No.  1.  Tri-fid  or  -partite,  glabrous,  springing  from  the  bud,  which 
is  situated  some  distance  beneath  the  soil,  deep  green  above,  red  or 
purple  beneath ;  middle  lobe  trifid,  cuneate  at  the  base,  and  the 
middle  segment  often  tridentate  ;  lateral  lobes  unilateral  and  bifid 
or  toothed  along  the  posterior  side. 

Anemone  polyantha,  Don. 

Cotyledons  connate  by  their  petioles  to  the  very  top,  and  the 
laminte  also  sometimes  connate  at  the  base,  appearing  perfoliate. 

Leaves.  No.  1.  Eeniform,  trifid,  trinerved,  terminal  lobe  tri- 
dentate;  lateral  lobes  bidentate.  The  plumule  emerges  at  the 
base  of  the  cotyledon. 

Ultimate  leaves  orbicular,  five-  to  nine-lobed  and  -nerved ;  lobes 
obtuse,  frequently  trifid,  cut,  toothed— basal  ones  much  overlapping. 

Anemone  rupicola,  Gamh. 

Cotyledons  connate  by  their  petioles  nearly  to  the  top. 

Leaves.  No.  1.  Cuneate,  trinerved,  shortly  trifid;  m'iddle  lobe 
tridentate  ;  lateral  lobes  hi-  to  tri-dentate.  This  leaf  is  sometimes 
absent. 

No.  2.  Eeniform-triangular,  deeply  trifid,  three-  to  five-nerved  • 
middle  lobe  cuneate,  tridentate ;  lateral  lobes  bifid  or  sub-bifid  and 
slightly  toothed. 

Anemone  nemorosa,  A.  Pulsatilla,  and  A.  Hepatica  have  been 
described  and  figured  by  Irmisch.' 

Thaliotrum  minus,  L.  (fig.  124), 

Hypocotyl  terete,  glabrous,  succulent,  reddish,  2-4  mm.  long 
Cotyledons  broadly  ovate,  obtuse,  subcordate  at  the  base  deep 

glaucous  green,  petiolate;  petiole  3-5  mm.  ' 

long,  glaucous  purple,  subterete,  flattened 

above,  glabrous  ;  lamina  4-6  mm.  long,  3-4-5 

mm.  broad. 
Stem  leafy. 

Leaves  compound,  alternate,  exstipulate,  ^ 
petiolate,  radical  (and  cauline  ultimately)    Fio.  iM.-Thalictrum 
deep  green,  minutely  pubescent;    petioles  Nat.  size, 

terete,  dilated  and  sheathing  at  the  base,  minutely  pubescent 

No.  1.  Ternate,  leaflets  rotund,  trifid,  reticulate— the  lateral 
ones  bemg  obhque  on  the  posterior  side. 


'  Bot.  Zeit.  1856,  pp.  1,  17. 
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Ranunculus  Cymbalaria,  Pursh.  (fig.  125). 

Primary  root  elongated,  slender,  furnished  with  a  dense  tuft 
of  hairs  at  the  base,  and  scattered  ones,  graduaUy  becoming 
shorter  towards  the  apex. 


B 
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ledons  BtiU  in  the  achone,  Ac ;  S<,  stigma.  UJ,  seocuing 
C,  soedling  thirty-nine  days  old. 
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Hypocotyl  glabrous.  Petioles  of  cotyledons  just  visible,  but  the 
cotyledons  have  not  yet  escaped  from  the  achene. 

Three  days  after  germination :  Cotyledons  now  free,  oblong, 
obtuse,  entire,  shortly  petiolate. 

Thirty-nine  days  after  germination :  Cotyledons  spathulate,  entire, 
petiolate,  glabrous,  pale  green,  3*5-5  mm.  long,  including  the  petioles, 
which  are  connate  at  the  base.  Plumule  developing  and  first  leaf 
appearing. 

Sixty  days  after  germination  :  The  cotyledons  have  longer  petioles 
than  at  the  last  stage,  but  are  otherwise  similar.  Two  first  leaves 
oval,  obtuse,  entire,  glabrous,  with  long  petioles  dilated  and  sheath- 
ing at  the  base. 

Eanunculus  acris,  L.  (fig.  126). 

Primary  root  a  tap-root  with  numerous  colourless  lateral  rootlets. 
Hypocotyl  short,  -5  mm.  long,  1  mm.  thick,  cylindrical,  colour- 
less near  the  base,  greyish- 
brown  near  the  cotyledons, 
where   it    also  develops 
root-hairs. 

Cotyledons  petiolate,  the 
petioles  connate  and  sheath- 
ing at  the  base ;  lamina 
about  1  cm.  long,  nearly 
"5  cm.  broad,  ovate-lanceo- 
late, obtuse,  entire,  with 
sunk  midrib,  glabrous,  light 
green ;  petiole  as  long 
as  lamina,  nearly  1  mm. 
broad,  slightly  channelled 
and  glabrous. 

Leaves  simple,  radical 
and  cauline,  alternate,  ex- 
stipulate,  palmati-nerved 
and  -lobed,  slightly  pubes- 
cent on  both  surfaces,  deep 
green  above,  paler  beneath  ; 
petiolate,  petiole  semiterete, 
channelled  above,  sheathing 
at  the  base. 

No.  1.  Subrotund  from  a  flattened  base,  five-nerved,  trifid  lobe 
obtuse.  ' 

No  2.  Trilobed,  lobes  ovate,  obtuse,  often  showing  a  small  tooth 
on  each  side. 


Pig.  126. — Banunculus  acris.   Nat.  size. 
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R.  millefoliatus,  which  hasbeen  described  and  figured  bylrmisch,' 
belongs  to  this  type. 

Eanunculus  arvensis,  L.^  (fig.  127). 

Primary  root  tapering  downwards,  rather  stout,  with  very  few 
lateral  rootlets  ;  a  number  of  adventitious  roots  spring  from  the  base 
of  the  hypocotyl  and  are  soon  equal  to,  or  stronger  than,  the 
primary  one  ;  adventitious  roots  are  also  given  off  from  the  cotyle- 

donary  node.  ,    ,  „  i 

Hypocotyl  stout,  succulent,  colourless,  7  mm.  to  1-7  cm.  long, 

glabrous. 


Fig.  \Vl .—BanuTVCUlus  arvensis.   Half  nat.  size. 

Cotyledons  opposite,  glabrous,  pale  green;  petioles  channelled 
above,  convex  beneath,  much  dilated  at  the  base,  and  comaate ; 
lamina  oblong,  oval,  12  mm.  long,  8  mm.  broad. 

Rtem  erect  terete,  glabrous,  pale  green,  annual ;  lst-4th  inter- 
nodf  v^devdo^^^^^  sih'more  or  less  lengthened  and  sheathed  by 

and  cauhne,  alternate,  exstipulate, cihate, 
light  green,  ultLtely  glabrous,  petiolate ;  petioles  ^^^^^^ 
nfued'  abo;e,  shghtly  pubescent  when  young,  mu  h  dilated  and 
Bheathhag  at  the  base,  with  somewhat  cihate  sheaths. 
No.  1.  Rotund-cuneate,  five-toothed. 

^  BoLZcit.  lSiS5.  ^IrmiBch.Bof.ZeiM857,taf.u. 
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No.  2.  Broadly  obovate-cuneate,  obscurely  five-nerved  with  five 
large  teeth  above. 

No.  3.  Tripartite;  divisions  cuneate,  tridentate  above,  basal 
ones  not  opposite. 

No.  4.  Tripartite,  with  the  basal  divisions  nearly  opposite,  teeth 
more  numerous  above. 

No.  5.  Trisected;  middle  segment  acutely  cuneate,  unequally 
trifid,  lobes  sHghtly  toothed  at  the  apex  ;  lateral  segments  bipartite 
with  their  anterior  lobes  trifid,  narrowly  cuneate,  and  their  posterior 
lobes  bifid  above. 

No.  6.  Trisected ;  middle  segment  tripartite,  divisions  linear, 
entire  or  slightly  toothed ;  lateral  segments  bipartite,  divisions 
divaricate,  more  or  less  cut  up  into  linear  pieces. 

Eanunculus  hederacetis  (fig.  128). 

Primary  root  as  in  E.  acris,  but  few  lateral  rootlets. 

Hypocotyl  suppressed. 

Cotyledons  opposite,  nearly  equal ; 
base  of  petioles  sheathing,  petioles 
about  10  mm.  long,  '75  mm.  broad, 
blade  7"5  mm.  long  and  nearly  as  broad, 
suborbicular,  rounded  at  both  ends, 
sUghtly  emarginate,  distinctly  penni- 
nerved,  reticulate,  glabrous,  membra- 
nous, bright  green. 

Leaves  radical  and  cauline,  alternate, 
exstipulate,  petiolate. 

No.  1.  Petiole  glabrous,  channelled, 
sheathing  at  base,  20  mm.  long,  1  mm. 
broad ;  lamina  broadly  cordate,  trifid, 
palmatinerved,  reticulate,  glabrous, 
bright  green,  10-15  mm.  long,  and  as 
broad. 

No.  2.  SunUar  but  five-fid.  / 
Note.— The  cotyledons  of  E.  tubero-  Fig.  128. 

SUS,    E.  caucasicus,   E.  Flammula,   E.    ^"^i^i^oulus  hederaceus.  Nat. 

BorEeanus,  E.  macrophyllus,  E.  Brutius, 

E.  Stevensi,  E.  cortusffifohus,  and  possibly  many  others,  have 
their  cotyledons  slightly  emarginate  when  fully  developed. 

Ranunculus  repens,  L.  (fig.  129). 

Hypocotyl  erect,  terete,  short,  mostly  subterranean,  colourless 
glabrous.  ' 
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Cotyledons  rotund-ovate,  obtuse,  entire,  deep  green,  opaque, 
glabrous,  obscurely  three-  to  five-nerved  from  the  base  ;  lamina 

5-6  mm.  long,  4-5-5  mm.  broad  ;  petiole 
semiterete,  slightly  channelled  above, 
slightly  dilated  at  the  base,  6-7  mm. 
long. 

In  the  accompanying  sketch  is  a 
seedling  with  the  petioles  and  basal 
part  of  lamina  united  along  one  edge 
so  as  to  appear  like  one  large  bifid 
cotyledon. 

Stem.  Several  of  the  first  inter- 
nodes  undeveloped. 


Fig.  129. 

Banunculus  repens,  x  2. 
Abnormal  specinlen. 


Ceratocephalus  falcatus,  Pers.  (fig.  130). 

Primary  root  suddenly  breaking  up  into  a  number  of  equally 
strong  rootlets. 

Hypocotyl  fleshy,  terete,  tapering  into  the  root,  reddish  beneath 
the  cotyledons. 

Cotyledons  linear,  obtuse,  with  revolute  margin,  fleshy,  deep 
green  above,  paler  beneath,  1  cm.  long,  2  mm.  broad. 

Stem  annual,  very  short ; 
internodes  undeveloped. 

Leaves  simple,  radical  in  a 
rosette,  alternate,  exstipulate, 
rather  succulent,  bright  green 
above,  paler  beneath,  woolly 
when  young,  glabrescent,  petio- 
late ;  petioles  flattened  on  both 
surfaces,  dilated  at  the  base. 

Nos.  1  and  2.  Linear,  en- 
tire, similar  to  the  cotyledons. 

No.  3.    Spathulate;  apex 
tridentate. 

No.  4.  Spathulate,  trifid. 
Nos.  5  and  6.  Cmieate,  un- 
equally trilobed. 

Nos.  7  and  8.  Cuneate,  tri- 


FiG.  180. 

Ceratocephalus  falcatus.   Nat.  size. 


partite  ;  segments  linear,  lateral  ones  bifid  at  apex. 
No.  9.  Tripartite,  with  linear  segments. 
No.  10.  Tripartite  ;  lateral  segments  unequally  lobed. 
No.  11.  Doubly  bipartite. 
No.  12.  Tripartite  ;  lateral  segments  bifid. 
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No.  13.  Similar. 

No.  14.  Cuneate,  tripartite  ;  lateral  segments  unequal. 


Trollius  Ledebouri,  Bchh.,  var.  polycephalus,  Bgl.  (fig.  131). 

Primary  root  slender,  normal,  soon  superseded  by  strong  adventi- 
tious roots  from  the  base  of  the  leaves  and  cotyledons. 
Hypocotyl  not  developed. 

Cotyledons  ovate,  obtuse,  entire,  alternately  penninerved ;  nerves 
indistinct  and  seen  only  by  transmitted  light,  glabrous,  bright 
green  above,  much  paler  beneath,  petiolate ;  petioles  semiterete, 
channelled  above,  connate  for  about  one-third  of  their  length,  much 
dilated  and  sheathing  at  the  base,  split  on  one  side  to  allow  the 
egress  of  the  plumule,  light  shining 
green,  glabrous,  8-11  mm.  long ; 
lamina,  6*5-8  mm.  long,  5-5-5  mm. 
broad. 

Stem  herbaceous,  forming  a  peren- 
nial rhizome  which  sends  up  annual 
flowering  stems  ;  primary  internodes 
undeveloped. 

Leaves  simple,  radical  and  cau- 
line,  alternate,  exstipulate,  petiolate, 
palmati-nerved,  and  -lobed,  reticulate  ; 
reticulations  best  seen  in  young  leaves ; 
hght  green  above,  paler  or  ahnost  glaucous  beneath,  shining  on 
both  surfaces;  petioles  terete  in  the  seedhng,  tapering  upwards, 
hght  green,  often  tinged  with  red  below,  much  dilated  and  clasping 
at  the  base. 

No.  1.  Rotund-cordate,  palmately  five-nerved,  and  three-lobed 
or  five-lobulate  ;  middle  lobe  cuneate,  sHghtly  trifid,  with  obtuse 
glandular  cuspidate  teeth  ;  lateral  lobes  bifid  and  shghtly  toothed 
with  glandular,  cuspidate  teeth. 

No.  2.  Similar. 

No.  3.  Tripartite  ;  middle  lobe  broadly  cuneate  with  numerous 
glandular  cuspidate  teeth ;  lateral  lobes  broader  at  the  base  than 
the  middle  lobe,  slightly  bifid  with  similar  teeth. 


Fig.  181. — Trollius  Ledebouri, 
V.  polycephalus.    Nat.  size. 


Nigella  sativa,  L.  (fig.  132). 

Primary  root  slender,  tapering,  flexuose. 

Hyi^ocotyl  erect,  terete,  glabrous,  pale  green,  18  mm.  long,  1  mm 
thick. 


92 


ON  SEEDLINGS 


Cotyledons  petiolate,  glabrous  ;  lamina  oblong,  obtuse,  tapering 
into  the  petiole,  13  mm.  long,  6  mm.  broad ;  petiole  channelled 

above,  8*5  mm.  . 

Stem  annual,  erect,  terete,  pubescent,  pale  green  ;  1st  mternode 
undeveloped ;  2nd  and  3rd  3  mm.  long  ;  4th  1  mm.  long. 

Leaves  simple,  cau- 
line,  alternate,  exstipu- 
late,  bright  green  and 
shining  on  both  sides, 
sparsely  pubescent,  pe- 
tiolate; petioles  chan- 
nelled  above,  sUghtly 


ridged  beneath,  dilated 
and  sheathing  at  the 
base,  pale  green,  pubes- 
cent. 

No.  1.  Cuneate,  deep- 
ly trifid  with  oblong, 
obtuse  segments. 

No.  2.  Cuneate,  tri- 
partite, divisions  bifid. 

No.  3.  Tri-pinnati- 
sect ;  basal  lobes  1-2- 
pinnatifid;  terminal  lobe 
tripartite. 

No.  4.  Similar  to  the 
last  but  rather  more  cut 
up. 

The  cotyledons  of 
N.  integrifoha  closely 
resemble  those  of  N. 
sativa ;  as  also  do  those 
of  N.  damascena,  which, 
however,  are  somewhat 
broader  in  the  middle. 


Fig.  1^%—Mgella  sativa.   Nat.  size. 


Aquilegia  chrysantha,  Gray,  var.  truncata  (fig.  133). 

Hvpocotyl  3-7  mm.  long,  1  mm.  thick,  glabrous  purple. 

fSedois  petiolate  ;  petioles  terete  or  flattened  above  connate 
at  the  base,  7  mm.  long,  purple  glabrous;  l^^J^-^^/^^J*^; 
entire,  glabrous,  faintly  trinerved,  glaucous  blue  ox  often  tm.ed 
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petiole  dilated  and  sheathing  at  the  base,  stipuliform  as  in  the 
Umbelliferse. 

No.  1.  Lamina  ternate  ;  leaflets  trifid  or  the  lateral  ones  bifid, 
petiolulate ;  lobes  obtuse,  rounded ;  petiolules  1  mm.  long,  the 
middle  one  longer  ;  petiole  terete,  8-15  mm.  long,  purpHsh. 

The  seedlings  of  Aquilegia  flavescens  closely 
resemble  those  of  A.  chrysantha,  and  the  same 
may  be  said  of  A.  cserulea. 

The  cotyledons  of  Aquilegia  atropurpurea, 
A.  Wittmanniana,  A.  dichroa,  and  probably 
others,  have  a  shght  emargination  when  fully 
developed. 

Isopynim  grandiflorum,  Fisch. 

Primary  root  slender,  tapering,  with  lateral 
rootlets. 

Hypocotyl  short,  glabrous,  tapering  indis- 
tinguishably  into  the  root,  and  mostly  subter- 
ranean. 

Cotyledons  small,  glaucous,  glabrous,  peti- 
olate,  orbicular  or  rotund-ovate  ;  lamina  3  mm. 
long,  2-5  mm.  broad ;  petiole  slender,  5  mm.long.    p^e.  n%.-Aquilegia 

Stem  herbaceous  or  shrubby,  with  very       chrysantha,  var. 
short  scarcely  developed  internodes,  densely  tl^^"'^^"" 
covered  with  the  withered  petioles  of  old  leaves. 

Leaves  biternate  on  the  adult  plant  (primary  ones  simply  ter- 
nate), radical  and  ultimately  cauHne,  alternate,  exstipulate,  gla- 
brous, glaucous,  purphsh  beneath,  petiolate ;  petioles  slender,  terete, 
or  slightly  flattened  above,  dilated  and  sheathing  at  the  base, 
glaucous,  glabrous. 

Nos.  1-3.  Ternate  ;  leaflets  suborbicular,  entire. 

No.  4.  Ternate  ;  termmal  leaflet  unequally  bifid  ;  lateral  leaflets 
bifid  or  bipartite. 

No.  5.  Ternate  ;  terminal  leaflet  trifld  ;  lateral  leaflets  unequally 
bifid,  with  the  smaller  lobe  on  the  posterior  side. 

No.  6.  Ternate  ;  terminal  leaflet  tripartite  with  sub-obovate  seg- 
ments ;  lateral  leaflets  bipartite  with  the  posterior  segment  oval, 
the  much  larger  anterior  one  rotund-obovate. 

No.  7.  Ternate  ;  terminal  leaflet  tripartite,  with  the  middle  seg- 
ment obovate,  the  lateral  ones  narrower;  lateral  leaflets  bipar- 
tite with  the  posterior  segments  small  and  oval,  the  anterior  one 
elliptic,  obtuse. 

No.  8.  x'^lmost  biternate,  with  obovate  leaflets. 
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Ultimate  leaves  biternate  with  the  secondary  segments  tripar- 
tite, varying  greatly  in  size  from  ^2  inches  in  diameter  ;  primary 
divisions  triangular ;  secondary  cuneate ;  ultimate  segments  obovate 

or  cuneate,  entire. 

In  Isopyrum  fumarioides  the  cotyledons  are  somewhat  more 

elongated. 

Delphinium  Staphysagria,  L.  (fig.  134). 

Fridt  of  one  to  five  follicles,  each  containmg  many  seeds  and 
dehiscing  along  the  ventral  suture. 

Seeds  obovoid,  rather  acutely  trigonous,  or  variously  ridged  and 
angled ;  testa  thick  and  corky,  deeply  reticulated,  black  externally ; 
tegmen  thin  and  membranous,  pale  brown ;  chalaza  apical  and  as 
^ell  as  the  raphe  rather  obscure  ;  micropyle  and  hilum  basal. 


Fig  \U.-I)elphm.mm  Staphysagria.  A,  seed  x  IS.  longitudinal 
Biction  of  seed  :      embiTO ;  P,  endosperm. 

Endosperm  copious  in  the  mature  seed,  white  with  a  small 
subtransparent  mass  separating  the  cotyledons. 

Emhryo  straight,  minute,  embedded  m  the  endosperm  at  the 
base  of  the  seed ;  cotyledons  ovate,  obtuse,  entire,  sessile,  diverg- 
ing ;  radicle  short,  obtuse. 

Seedling  (fig.  185). 

Primary  root  tapering  downwards  with  numerous  fleshy  lateral 

^°tSoitr"  re^^  succulent,  glabrous  colourless  below 

ground,  pale  green  above,  8  cm.  long,  3  mm.  thick. 

^    Golyldon.  ovate-oblong,  obtuse,  glabrous,  fleshy ;  upper  surface 
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deep  green,  with  three  milk-white  veins,  shortly  petiolate  ;  petiole 
8  mm.  long;  lamina  18-5  mm.  long,  7'6  mm.  broad. 
Stem  herbaceous,  biennial,  elongated  before  flowering. 
Leaves  simple,  radical,  ultimately  cauline,  alternate,  exstipu- 
late,    petiolate ;    both  petiole 
and    lamina    pubescent  when 
young,  ultimately  becoming  gla- 
brous, deep  green  and  shining 
above,  with  anastomosing  milk- 
white  veins,  paler  green  and 
shining  beneath  ;  petioles  chan- 
nelled above,  dilated  and  sheath- 
ing at  the  base,  rather  thick. 

No.  1.  Palmately  tri-nerved 
and  -fid  :  middle  lobe  minutely 
tridentate ;  lateral  lobes  biden- 
tate ;  teeth  triangular,  tipped 
with  a  mucro. 

No.  2.  Palmately  five-nerved 
and  three-lobed ;  middle  lobe 
unequally  tridentate ;  lateral 
lobes  unequally  bifid. 

No.  8,  Palmately  five-nerved 
and  five-lobed;  terminal  and 
middle  lobes  imequally  tridentate  ;  basal  lobes  unequally  bifid. 

No.  4.  Palmatipartite  ;  nerves  and  divisions  five ;  terminal  and 
middle  ^  lobes  unequally  trifid  (middle  much  the  largest),  sub- 
rhomboid  ;  lateral  or  basal  lobes  overlapping,  dentate  or  sublo'bulate 
along  the  posterior  or  basal  side. 

Ultimate  leaves  palmately  five-  to  seven-nerved  and  -lobed,  or 
-partite,  reticulated  with  white  or  green  nerves  ;  one  to  three  of  the 
terminal  or  central  lobes  subcuneate  and  trifid ;  the  two  to  four 
basal  lobes  unequally  bifid  with  the  smaller  lobe  on  the  posterior  or 
basal  side.    Uppermost  leaves  tripartite,  trifid,  or  entire. 


Fig.  135.— Delphinium  Staphysagria 
Half  nat.  size. 


Delphinium  elatum,  L. 

Seed  obovoid,  triangular  or  variously  compressed,  pale  or  deep 
brown ;  testa  membranous,  shrivelled  or  wrinkled ;  tegmen  paler 
and  thmner  ;  hilum  &c.  as  in  D.  Staphysagria. 

Endosperm  as  in  D.  Staphysagria,  copious,  fleshy,  white,  except 
a  small  quantity  between  the  cotyledons  and  at  their  apex,  which  is 
transparent. 
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Embryo  larger  than  in  D.  Staphysagria,  while  the  cotyledons 
have  short  petioles ;  otherwise  similar. 

Seedling  (fig.  186). 

Primary  root  perennial,  fleshy,  with  a  few  rootlets,  which  are 
fleshy  near  its  base  and  fibrous  towards  its  apex. 

Hypocotyl  merging  with  and  scarcely  distingmshable  from  the 
root,  stout,  fleshy. 

Cotyledons  oval,  fohaceous, 
often  unequal  in  size,  shghtly 
pubescent,  petiolate ;  petiole 
subterete,  flattened  above, 
about  1  cm.  to  1-5  cm.  long; 
lamina  ovate,  subacute,  8  mm. 
long,  6  mm.  broad. 

Stem  undeveloped  in  seed- 
ling stage. 

Leaves  simple,  radical  and 
cauline,  alternate,  exstipulate, 
coarsely  hairy  on  both  surfaces, 
almost  villous  on  the  under  sur- 
face and  the  petioles;  petiole 
dilated  and  sheathmg  at  the 
base,  subterete,  channelled 
above. 

No.  1.  Palmately  tnfid, 
trinerved,  lobes  frequently  un- 
equal. 

No  2  Similar  but  larger  and  toreAadowiBg  further  subdivision 

°°  N:  rM^SX'fitfi^-nerved,  .ith  rouuded.  obtuse  lobes 
N  :  I  Pttoately  tripartite,  five-nerved. with  thelatera  segmen 
bifid  and  showmg  evidence  of  further  subdivision  on  the  posteuor 
:ord  *e  at  th^e  base  ;  ultimate  ^0^-^^^^^'^--^^.  ,„,e 

'^'^l^S:^^:^         of  O.  elatuin.  In 

D.  cardinale  the  petioles  are  connate  at  the  base. 
Delphinium  nudicaule,  Torr.  ct  Gimj  (fig.  137). 
Primaryroot  tapering  downwards,  with  a  few  lateral  rootlets  and 
abundantly  covered  with  rusty-brown  han-s. 


Fio.  \%&.—DeVphiniuin  elatum,  var. 
Two-thirds  nat.  size. 
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Hypocotyl  very  short  or  suppressed,  or  indistinguishable  from 

the  root  or  together  with  the  latter  becoming  fleshy,  tapering 

downwards  and  forming  the  persistent  rootstock  of  the  plant. 
Cotyledons  ovate,  acute,  mucronate,  five- 

to  seven-nerved  longitudinally,  glabrous,  pale 

gi'een,  connate  by  their  bases  and  forming  a 

little  cup  ;  petioles  terete,  erect,  slender  at  the 

base  and  spUt  on  one  side  to  allow  the  escape 

of  the  plumule,  glabrous,  pale  green,  2-8  cm. 

long,  connate  through  their  whole  length ; 

lamina  6-12  mm.  long,  3-5-9-5  broad. 

Stem  herbaceous,  erect,  twelve  to  eighteen 
inches  long,  elongating  when  about  to  flower  ; 
primary  internodes  undeveloped. 

Leaves  simple,  palmately  lobed,  radical  and 
cauline,  alternate,  exstipulate,  palmati-nerved, 
bright  green  above,  paler  beneath,  shining  on  Fig.  m.—Belphinmm 
both  surfaces,  petiolate  ;  petiole  terete,  slightly     ■^'^''^^^oaule.  HaH  nat. 
flattened  on  the  upper  side,  or  channelled  to- 
wards the  apes,  somewhat  dilated  at  the  base  and  sheathing  pale 
green,  glabrous. 

No.  1.  Palmately  three-  to  five-fid,  five-  to  seven-nerved  lobes 
generaHy  cuspidate,  teeth  tipped  with  a  glandular  mucro. 

Delphmium  trolhfolium  has  the  petioles  of  the  cotyledons  united 
m  the  same  way  as  D.  nudicaule. 

Delphinium  Consolida,  L. 

Primary  root  similar  to  D.  Staphysagria. 

Hypocotyl  erect,  terete,  glabrous,  pale  greenish-white  or  stained 
with  red,  tapering  insensibly  into  the  root,  protruding  8-12  mm 
above  the  soil. 

Cotyledons  broadly  oblong-ovate,  obtuse,  entire,  tipped  with  a 
pale-coloured  mucro,  glabrous,  obscurely  trinerved  with  the  lateral 
nerves  much  branched,  anastomosing,  incurved  and  uniting  with 
the  midrib  close  to  the  apex,  petiolate ;  petioles  grooved  above 
convex  on  the  back,  dilated  and  connate  at  the  base,  9-5-12  mm 
long ;  lamma  12-13-5  mm.  long,  7-9  mm.  wide. 

Stem_  herbaceous,  annual,  elongating  when  about  to  flower  • 
primary  mternodes  undeveloped. 

L.a..s  simple  radical  and  cauline,  alternate,  exstipulate,  tri-par- 
tite  or  -sect,  with  the  venation  ramifying  accordingly  and  ob^onrL 
reticulate,  pubescent  on  both  surf/ces' when  jo"^Zt! 
hght  green  and  opaque  above,  paler  beneath  and  somewhat  shirng; 
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petiolate ;  petioles  semiterete,  channelled  above,  dilated  and  am- 
plexicaul  at  the  base,  tapering  upwards. 

No.  1.  Palmately  tripartite  with  nerves  running  into  the  primary 
and  secondary  segments  ;  middle  segment  cuneate,  trifid  with  obtuse 
mucronate  secondary  segments  ;  lateral  segments  obUquely  cuneate, 
twice  bifid,  with  oblong  obtuse  mucronate  secondary  segments. 

No.  2.  Palmately  tri-partite  or  -sect;  middle  lobe  rhomboid- 
cuneate,  trifid  with  its  middle  segment  again  trifid,  and  its  lateral 
ones  unequally  bifid  ;  lateral  lobes  obhquely  cuneate  bipartite  with 
the  anterior  segment  unequally  trifid  and  the  posterior  segment 
unequally  bifid. 

No.  3.  Trisect;  middle  lobe  broadly  palmately-cuneate  and 
divided  almost  hke  the  first  leaf ;  lateral  lobes  sumlar  in  outline, 
smaller  and  somewhat  less  cut. 

No.  4.  Multisect. 

Delphinium  Ajacis,  L. 

Primary  root  as  in  D.  Staphysagria. 
Hypocotyl  as  in  D.  Consolida. 

Cotyledons  elliptic-oblong,  obtuse,  terminated  by  a  glandular 
mucro,  very  similar  to  those  of  D.  Consolida,  but  with  a  longer 
petiole,  of  10-17  mm. 

Stem  as  in  D.  Consolida. 

Leaves  as  m  D.  Consolida. 

No.  1.  Tripartite ;  segments  elliptic  or  oblong-eUiptic,  entne, 
tipped  with  a  pale-coloured  glandular  mucro,  the  terminal  one 
broadest,  and  the  lateral  one  sometimes  bifid. 

No.  2.  Similar,  larger,  generaUy  with  the  lateral,  sometimeswith 
all  the  segments  bifid.  ,     ,  ^ 

No.  3.  Palmately  trisect ;  middle  segment  rhomboid-cuneate, 
deeply  trifid ;  lateral  segments  obliquely  cuneate,  obhquely  or  un- 
equally hi-  or  tri-partite.  ,     +  w 

Nos  4  and  5.  Trisect ;  middle  segment  cuneate,  palmately 
trisect  and  sparingly  lobed-lateral  lobes  or  segments  obliquely 
bisected  with  their  anterior  halves  deeply  trifid,  and  then-  posterior 

halves  deeply  bifid. 

Note  —One  or  both  of  the  cotyledons  are  sometimes  bifid  or 
parted  to  the  very  base,  simulating  three  or  four  cotyledons  m  the 
latter  cases. 

Aconitum  cernuum,  Koell. 
Hypocotyl  short  and  subterranean. 

Cotyledons  oval-oblong,  acute,  entire,  glabrous,  hght  green. 
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trinerved,  petiolate ;  petioles  very  long,  channelled  on  the  upper 
side,  8-3-5  cm.  long. 

Stem  with  primary  internodes  undeveloped. 

Leaves  simple,  palmatifid,  radical,  alternate,  exstipulate,  petio- 
late, glabrous,  light  green,  cordate  at  the  base,  trinerved ;  lobes 
acute,  usually  divided  into  two  to  three  secondary  lobes  or  trifid. 


DILLEJSTIACE^. 

Benth.  et  Hook.  Oen.  PI.  i.  10. 


The  ovules  are  one  or  many,  anatropous  and  ascending, 
ihe  raphe  IS  ventral  as  in  the  Eanunculaceje,  and  probably  for 
the  same  reason.  The  seeds  are  single  or  few,  and  generally 
provided  with  an  aril.  The  embryo  is  minute  with  the  radicle 
interior,  near  the  hilum. 

The  members  of  this  order  being  chiefly  natives  of  the 
southern  hemisphere,  and  but  few  of  them  popular  hot- 
house plan  s,  are  seldom  raised  from  seeds  in  this  country 
consequently  but  little  opportunity  is  afforded  for  observations 
on  the  cotyledons.  Those  of  Hibbertia  dentata  are  linear 
anceolate,  sessile,  narrowed  to  the  base,  where  they  are  shortly 

coriaceous  20  mm.  long,  and  5  mm.  broad.    The  persistent 

nature  and  subcoriaceous  texture  are  characteristic  of  g^^^^^^ 

and  sp         f  arboreal  or  shrubby  habit  with  evergreen  leaveT 

rar!lv  ^  ^^^^^s,  sometimes  twinir  ' 

rarely  suffruticose  or  herbs.  t^winers, 

Hibbertia  dentata,  B.  Br. 

Hypocotyl  succulent,  1-2  cm.  long  2  mm  th,Vl.        ,  i 
brous,  pink  near  the  base,  green  above.^' 

ofth:S:LSTtte^^^^^^^^  ^'^^^^ 

peMoles  ana  iueavt:  "'^  ^^'h^g 
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Leaves  simple,  cauline,  alternate,  exstipulate,  alternately  penni- 
nerved,  nervation  reticulate,  glabrous  except  at  the  margm  and 
on  the  principal  nerves  beneath,  deep  green  above  pa  er  beneath, 
often  stained  red  in  the  adult  plant ;  petiolate,  petioles  short,  deeply 
channelled  above  and  partly  sheathing  the  stem. 

No.  1.  Small,  oblong,  obtuse,  nearly  entire. 

Nos.  2-4.  Oblong,  acute,  margin  shaUowly  dentate  with  the  teeth 
slightly  recurved,  somewhat  obhque  at  the  base. 


CALYCANTHACE^. 

Benth.  et  Hook.  Qen.  PI.  i.  15. 


Fruit  and  Seed.-^\i^  fruit  is  an  achene  containing  an 
oblong  or  obovoid  seed.  Several  fruits,  or  few  by  abortion,  are 
surrounded  by  the  deeply  cup-shaped  thalamus  or  receptacle, 
which  increases  in  size  and  persists  till  the  seeds  are  ripe 
The  seeds  are  exalbuminous,  being  wholly  occupied  with  the 
larse  embryo,  the  cotyledons  of  which  are  convolute  of  veiy 
uZnal  oullike.    The'  short  radicle  is  close  to  the  hilum  of 

the  anatropous  seed.  , 

0<,(3,Mo«.-Two  genera,  including  in  the  aggregate  only 
four  well-marked  species,  constitute  the  whole  of  this  small 
Orlr    They  differ  widely  in  the  characters  of  the  embryo 
from  all  the  allied  Orders,  but  show  a  certam  —t  of 
affinity  with  Magnohaces  through  lUicium.    The  cotyledon 
afetngitudinally  convolute,  like  a  roll  of  manuscnpt.  m  bo* 
Tnera  and  together  with  the  radicle  and  embryo  occupy  the 
'whole  of  the  seed.    Those  of  Calycanthus  77^"-  - 
annarentlv  unsymmetrioal,  almost  transversely  oblong,  with  a 
rrrshaUowlpical  sinus,  a  "-ower  an    de^er  smus^ 
the  base,  and  a  notch  above  a  small  lobe  at  the  base 

™t:ri»1-        opposite,  hut  occasion^ly 
the  J^^r::»lterLte  hy  the  development  of  he  nU^^de. 
Being  simple  and  entire,  with  the  prmcipal 
and  fncurvod.  they  present  no  very  ^'l^-S  J^,' 
two  first  pairs  of  Chimonanthus  fragrans  are  very  smai 
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almost  rudimentary,  and  recall  what  may  be  seen  in  many 
species  belonging  to  widely  separated  Orders,  which  have 
subterranean  cotyledons.  Instances  occur  in  Clematis  recta 
(fig.  120),  Ehus  Thunbergiana  (fig.  255),  Lecythis  Sapucajo, 
Quercus  pedunculata,  the  Walnut,  and  many  others,  the  con- 
generic species  of  some  of  which  have  aerial  cotyledons. 

The  explanation  is  probably  that  when  a  large  store  of 
reserve  food-material  is  laid  up  in  fleshy  cotyledons,  the  plant 
is  able  to  form  a  considerable  length  of  stem  independently  of 
well-developed  leaves.  In  Chimonanthus  the  cotyledons  are 
fleshy,  but  they  are  aerial,  and  well  exposed  to  light  by  being 
elevated  on  a  hypocotyl  3-4-5  cm.  above  the  ground. 

Chimonanthus  fragrans,  Lindl. 

Fruit  an  achene,  oblong,  deep  brown,  almost  black,  17  mm.  long, 
8-9  mm.  broad. 

Eijpocotyl  woody,   erect,   terete,   glabrous,  greenish-yellow, 
8-4-5  cm.  above  soil. 

Cotyledons  large,  foliaceous,  convolute  in  the  seed,  after  germi- 
nation  broader  than  long,  petiolate,  deeply  auricled  at  the  base 
auricles  mcurved,  obscurely  trinerved  and  reticulate-veined,  gla- 
brous, fleshy  and  very  brittle,  bright  green  above,  paler  or  yeUowish- 
green  beneath,  2-6  cm.  long,  3-8  cm.  broad.  They  persist  for  more 
than  a  year. 

Stem  woody,  erect,  terete,  glabrous,  thinly  dotted  with  lenti- 
cels,  pale  green ;  1st  internode|l-65  mm.  long ;  2nd  2-4  cm  •  3rd 
2-2  cm. ;  4th  3-25  cm.  ;  5th  4-25  cm. 

Leaves  simple,  entire,  cauhne,  opposite  (sometimes  alternate) 
exstipulate,  petiolate,  hairy  on  the  margin  and  beneath  the  midrib' 
ultmaately  becoming  glabrous  but  very  rough  and  scabrous,  alter- 
nately and  irregularly  penninerved,  pale  green  above,  paler  be- 
neath shining ;  petioles  short,  shghtly  channelled  above,  convex 
smooth  °'  ^^^"oxouB  on  the  upper  margins,  otherwise 

First  pair  small,  scale-Hke  and  perishing  early 
Second  pair  similar  or  sometimes  foliaceous  and  subdimidiate 
or  very  unequally  developed  on  each  side  of  the  midrib,  deeply  and 
obhquely  emargmate,  with  rounded  points. 

Third  pair  foliaceous,  subobovate,  obliquely  and  deeply  emar- 
gmate, with  rounded  lobes.  ^ 

petidr*^       lanceolate,  acuminate,  12-66  cm.  long,  including  the 
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Fifth  pair  oblong-lanceolate,  acuminate,  shorter  than  the  last 
because  on  the  tip  of  the  shoot,  which  has  finished  growth  for  a 
season. 

Ultimate  leaves  ovate,  acuminate,  entire,  scabrous. 


MAGNOLIACEiE. 


Benth.  et  Hook.  Gen.  PI.  i.  16. 

The  Magnoliacese  are  trees  or  shrubs.     The  leaves  are 
simple  and  entire  or  dentate,  with  an  ascending,  incurved, 
penninerved,  and  reticulate  venation.    They  are  leathery  and 
evergreen,  or  membranous  and  deciduous,  and  often  have 
.  aromatic  oil  glands.    The  seeds  of  Drimys  and  Illicium  have 

a  shining  black  testa.  In  Magnolia  they 
are  drupe-like,  with  the  outer  coat  fleshy 
and  the  inner  one  crustaceous.  When 
the  follicles  containing  them  dehisce, 
they  do  so  along  the  dorsal  suture  in 
Magnolia,  Manglietia,  and  Michelia, 
allowing  the  seeds  to  drop  out,  sus- 
pended by  a  long,  filiform  funicle.  The 
seeds  are  generally  fairly  large,  and 
contain  a  copious,   oily  endosperm. 
The  embryo  is  small  or  minute  with 
diverging  cotyledons.    In  the  Tulip- 
tree  (Liriodendron)  the  seed  is  con- 
FiG.  is8.— Drimys  Winteri,  tained  in  a  persistent  samaroid  carpel. 

^  ^  The  cotyledons  of  Drimys  Winteri 

(fig.  138)  are  oblong,  ovate,  obtuse,  obscurely  trinerved  and 
eticulate,  punctate  with  pellucid  glands,  and  rather  persistent 
The  seedlings  are  of  slow  growth.    The  fixst  leaf  xs  -vera 
times  smaller  than  the  cotyledons ;  and  "^^^^ing  two 
are  roundish  or  ovate,  and  nearly  the  size  of  the  latter. 

Drimys  Winteri,  Forst.  (fig- 138). 

Eypocotyl  erect,  terete,  glabrous,  pale  green,  I  j-l^^Tatl^X 
Cotyledons  oblong-ovate,  obtuse,  entire,  ^1;°^'^^^ 
brouB,  bright  green  above,  glaucous  beneath,  with  pellucid  glandulai 
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dots ;  obscurely  trinerved  and  reticulate  ;  petiole  flattened  above,  con- 
vex beneath,  -5  to  1  mm.  long ;  lamina  7-9  mm.  long,  3-45  mm.  wide. 

Stem  erect,  terete,  glabrous,  pale  green,  ultimately  woody  ;  1st  in- 
ternode  undeveloped  or  -25-1  mm.  long  ;  2nd  and  8rd  each  1-1 -6  mm. 

Leaves  simple,  entire,  cauline,  alternate,  exstipulate,  petiolate, 
alternately  perminerved,  with  the  nerves  incurved  and  uniting  some 
distance  within  the  margin,  and  anastomosing  beyond,  glabrous, 
deep  green  above,  glaucous  beneath  ;  petiole  flattened  above  or 
shallowly  grooved,  convex  or  rounded  on  the  back,  very  short. 

No.  1.  Broadly  ovate  or  oval,  obtuse,  very  small. 

Nos.  2-4.  Similar  and  gradually  larger,  sometimes  rotund. 

Ultimate  leaves  oblanceolate-oblong,  acuminate,  obtuse,  alter- 
nately and  ascendingly  penninerved,  obscurely  reticulate,  light  or 
deep  green  above,  glaucous  beneath;  coriaceous,  evergreen,  5-8 
inches  long,  1-1^  inches  broad. 


ANONACEiE. 

Benth.  et  Hook.  Gen.  PI.  i.  20. 


Fruit  and  Seed.— The  carpels  are  generally  numerous. 
The  ripe  fruit  is  either  dry  and  dehisces  like  a  follicle  with  two 
valves  as  in  Anaxagorea ;  baccate,  one-celled  and  one-seeded  as 
in  Polyalthia ;  woody  and  one-celled  with  the  seeds  embedded 
m  pulp  as  in  Monodora ;  or  fleshy  and  united  into  a  large 
multilocular  indehiscent  fruit  as  in  Anona.  The  fruit  is  rarely 
dehiscent  in  the  Order,  and  the  seeds  are  generaUy  of  large 
size,  sometimes  arillate.  There  are  one  or  two  erect,  anatropous 
ovules  m  each  cell  with  the  raphe  ventral,  or  the  ovules  are 
numerous  and  arranged  in  one  or  two  rows  along  the  ventral 
suture.  In  the  species  of  Anona  the  ovules  are  solitary  in 
each  cell,  and  the  seed  attains  a  large  size,  is  broadly  obloncr 
and  more  or  less  compressed  laterally.  The  outer  coat  is 
thick  and  corky  or  subwoody,  while  the  inner  one  is  in- 
vagmated,  i.e.  dips  deeply  into  the  fleshy  and  copious  endo- 
sperm, making  it  rummated.  The  embryo  in  the  mature 
seed  IS  small  and  situated  close  to  the  hilum,  embedded  in 
endosperm.  The  ruminated  character  of  the  endosperm  is 
common  to  the  Order. 

The  seeds  differ  greatly  even  in  nearly  allied  species.  Thus 
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in  Oxymitra  patens  they  are  globular  with  numerous  blunt 
processes ;  in  0.  Grayana  they  have  two,  in  other  species 
four  wings,  while  others  again  are  round  and  smooth. 

Cotyledons.— The  seedlings  of  Anona  are  strong  and  vigorous 
but  present  a  singular  anomaly,  inasmuch  as  the  cotyledons 

are  in   some  species  torn  from  the 
axis  during  germination.   The  seeds  of 
A.  laurifolia  spht  longitudinally,  the 
strong  radicle  strikes  straight  down- 
wards fixing  the  seedling  firmly  in  the 
soil,  and  the  hypocotyl  forms  an  ascend- 
ing or  elongating  loop.   The  large  seed 
remains  underground,  while  the  hypo- 
cotyl at  length  pulls  out  the  plumule, 
and  straightens,  leaving  the  cotyledons 
behind.    If  a  seed  is  cut  open  at  this 
point  the  cotyledons  are  seen  to  be 
oblong  or  oval,  obtuse,  petiolate,  almost 
equalling  the  length  and  breadth  of 
the  seed,  and  much  undulated  or 
wrinkled  in  order  to  accommodate 
themselves  to  the  inequalities  of  the 
much  ruminated  endosperm.  They 
exhibit  an  ascending,  incurved,  feather- 
nerved  venation  very  similar  to  that 
of  the  leaves,  and  at  this  stage  are 
surrounded  or  mcluded  between  two 
equal  halves  of  the  endosperm  with  a 
small  quantity  of  the  same  between 
them.    A.  Cherimolia  behaves  in  ex- 
actly the  same  way,  and  the  cotyledons 
are  invariably  torn  from  the  axis  and 
left  in  the  subterranean  seed. 

A.  palustris  is  an  exception  to  the 
other  species  examined,  inasmuch  as 
the  cotyledons  become  aerial.  They  are  oval,  or  oblong- 
eUiptic,  obtuse,  petiolate,  foliaceous,  with  a  pennmerved  m- 
curved  venation,  and  in  every  respect  similar  to  that  of  a  true 
leaf  with  the  exception  that  the  leaves  are  acummate. 


Half  of  seed  with 
cotyledon. 


Fig.  1S9.— Anona,  ?  lauri- 
folia. Nat.  size. 
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Anona,  ?  laurifolia,  Dunal  (fig.  189). 

Primary  root  very  long,  fleshy,  thick,  colourless,  penetrating  the 
soil  perpendicularly  to  a  great  depth,  furnished  with  short  stout 
horizontal  lateral  rootlets  at  the  base  of  the  hypocotyl,  and 
immediately  beneath  the  soil  or  at  the  depth  the  seed  was  buried 
before  germination. 

Hypocotyl  long,  stout,  tapering  upwards,  glabrous,  mottled  and 
streaked  with  red  on  a  pale  or  colourless  ground,  giving  the  whole 
a  pale  brown  or  brownish-red  appearance,  8-9-5  cm.  long,  rising  in 
the  form  of  a  loop  during  germination. 

Cotyledons  oblong,  obtuse,  petiolate,  glabrous,  very  small  in  the 
seed,  but  during  germination  increasing  almost  to  the  length  and 
breadth  of  the  seed,  and  becoming  much  wrinkled  and  undulated  to 
conform  to  the  inequalities  of  the  much  ruminated  ends,  finally 
becoming  separated  from  the  axis  when  the  hypocotyl  has  attained  a 
considerable  size,  and  remaining  embedded  in  the  subterranean 
seed  between  two  equal  halves  of  the  endosperm,  with  a  thin  layer 
of  endosperm  between  them  ;  lamina  1-5  cm.  long,  8  mm.  broad  ; 
petiole  5-6  mm.  long. 

Stem  woody,  erect,  terete,  hairy,  with  ascending  adpressed  hairs. 
Leaves  simple,  entire,  cauline,  alternate,  distichous,  exstipulate, 
petiolate. 

Anona  Cherimolia,  Mill. 

Hypocotyl  erect,  terete,  tapering  upwards,  stout,  slightly  gla- 
brous, pale  green,  5-5-7  cm.  long. 

Cotyledons  retained  in  the  seed,  which  is  subterranean,  while  the 
hypocotyl  straightens  without  them. 

Stem  as  in  preceding  species  ;  1st  internode  5-6  mm.  long 

Leaves  simple,  entire,  cauline,  alternate  (first  two  sometimes 
opposite),  exstipulate,  petiolate,  alternately  or  almost  oppositely 
pennmerved  and  reticulate,  with  the  nerves  incm-ved  towards  their 
ends  and  uniting  with  those  next  above  them,  glabrous  or  nearly  so 
above,  cihate  and  more  or  less  hairy  beneath  ;  petioles  semiterete, 
channelled  above,  hairy,  with  adpressed  hairs. 

Nos.  1  and  2.  Alternate  or  subopposite,  oblong-ovate,  obtuse, 
beleath  "^^^         sHgMy  glaucous  above,  glaucous 


Anona  palustris,  L. 

Hypocotyl  as  in  A.  CherimoUa,  but  reddish-green  ;  9  cm.  long 
Cotyledons  aerial,  oval  or  oblong-elliptic,  obtuse,  entire,  shortly 
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petiolate,  glabrous,  dark  shining  green  above,  paler  beneath,  shghtly 
reflexed,  about  25  mm.  long,  6-12  mm.  wide,  with  a  distinct  mid- 
rib and  numerous  veinlets,  united  at  their  tips,  giving  the  appear- 
ance of  two  lateral  veins.  In  other  species  of  this  genus  the  cotyle- 
dons usually  remain  within  the  seed. 

Stem  herbaceous,  erect,  terete,  glabrous,  light  green  ;  1st  and 
2nd  internode  5-10  mm.  long.  _ 

Leaves  lanceolate,  acuminate,  otherwise  as  m  A.  Cherimolia. 


MENISPERMACEiE. 

Benth.  et  Hook.  Gen.  PI.  i.  30. 

Fruit  and  Seed.— The  carpels  are  free  and  ripen  into  baccate 
or  drupaceous  fruits.  The  placental  or  ventral  suture  of  the 
endocarp  enlarges  or  thickens  into  a  hemispherical  process 
projecting  into  the  cavity  of  the  ovary  and  determines  the  shape 
of  the  seed.  The  endocarp  is  also  considerably  flattened  late- 
raUy  and  forms  a  strong  submarginal  moon-shaped  ridge  on 
both  surfaces  close  to  the  outer  or  dorsal  suture.  This  ridge 
lodges  the  correspondingly  thickened  part  of  the  seed  con- 
taining the  embryo.  ^  a 

The  ovule  is  amphitropous  ahnost  throughout  the  Urder 
and  is  peltately  affixed  to  the  enlarged  or  hemispherical 
placenta.  In  a  very  few  cases  it  is  anatropous.  The  seed  is 
generally  crescent-shaped.  The  endosperm  is  fleshy  and  mode- 
rately copious  in  the  Tinosporese  and  Cocculeae,  but  scanty 
in  the  Cissampelidese,  and  absent  in  Pachygonese. 

In  the  first  tribe  above  mentioned  there  is  considerable 
range  of  variety  in  the  shape  of  the  embryo.    The  cotyledons 
of  Aspidocarya  are  flat,  spreading  at  the  base,  and  parallel 
above ;  those  of  Parab^na  and  Tinospora  are  ovate  and 
diverging  laterally,  those  of  Anamirta  are  narrow,  very  slender 
and  diverging,  while  Coscinium  has  a  fleshy,  much  rummated 
endosperm,  a  short,  nearly  straight  embryo,  with  slendei. 
diverging,  deeply  sinuately-laciniate  cotyledons.  _ 
The  embryo  in  the  tribes  Cocculeee  and  CissampelidefB  is 
cylindrical.with  adpressed  cotyledons,  and  i;esembles  hat  o 
Menispermum  (fig.  140)  with  the  exception  that  it  is  straight 
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in  some  instances  as  in  Anomospermum.  The  seeds  of  the 
Pachygone£e  are  exalbuminous,  while  the  embryo  differs  chiefly 
from  that  of  Menispermum  in  being  thick,  fleshy,  and  occupy- 
ing the  whole  cavity  of  the  seed. 

Cotyledons. — There  is  a  great  amount  of  variety  in  the 
cotyledons  of  the  different  genera  belonging  to  this  Order,  but 
few  of  them  come  under  observation  in  a  living  state  from  the 
fact  that  most  of  the  species  are  members  of  tropical  regions 
and  are  of  little  or  no  horticultural  value. 

A  large  number  of  species  conform  however  to  Menisper- 
mum. It  is  probable  that  the  cotyledons  of  some  members 
of  the  Order  would  prove  subterranean  on  germination,  as 
for  instance  in  the  case  of  Tfliacora,  the  embryo  of  which 
nearly  equals  the  seed  in  length,  and  has  fleshy  adpressed 
cotyledons.  They  are  also  fleshy  and  thick  in  Hyperbsna 
cortical  and  fleshy  in  Fibraurea,  as  well  as  in  some  others 
belongmg  to  the  tribe  Pachygone^. 


Fig.  UQ.— Menispermum  canadense  :  A,  germinating  seedling,  x  2  • 
a,  vertical  section  of  seed,  x  2;   C,  transverse  section  of  seed,  x  4. 

Menispermum  canadense,  L.  (fig.  140). 

Fruit  drupaceous,  one-seeded,  black  or  bluish  black  when 
mature,  laterally  compressed ;  endocarp  bony,  laterally  compressed, 
remform  or  horseshoe-shaped,  crested  along  the  dorsal  edge. 

Seed  attached  to  the  ventral  indented  process  of  the  endocarp 
and  conforming  to  it  in  shape  ;  testa  thin  ;  hilum  on  the  middle  of 
the  ventral  edge. 

Endosperm  fleshy,  copious,  surrounding  the  embryo,  creamv 
white  or  yellow. 

Embryo  hnear,  much  curved  in  conformity  with  the  seed  fleshy 
colourless  or  yellow ;  cotyledons  linear  or  semiterete,  obtuse,  apphed 
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to  each  other,  face  to  face,  with  their  baclts  to  the  ventral  suture  of 
the  fruit  and  their  edges  in  consequence  at  right  angles  to  the  plane 
of  the  seed,  a  little  longer  than  the  radicle  ;  radicle  cyhndrical, 
obtuse,  superior,  and  close  to  the  base  of  the  style. 

Seedling  (fig.  141). 

Hypocotyl  sub-erect,  rather  firm,  about  2-5  cm.  long,  1'5  mm. 
thick,  terete,  glabrous. 

Cotyledons  sessile,  semi-erect,  about  3  cm.  long,  1-2  mm.  broad, 
semiterete,  entire,  obscurely  nerved,  twisted,  glabrous,  pale  green, 

caducous. 

Stem  slender,  twining,  the  first 
few  internodes  5-7-5  mm.  long,  1 
mm.  thick,  terete,  glabrous,  light 
brown. 

Leaves  simple,  cauhne,  alternate, 
exstipulate,  ,petiolate,  more  or  less 
lobed  or  angled,  peltate,  palmati- 
nerved  and  reticulate,  glabrous, 
membranous,  more  or  less  glaucous 
above,  paler  beneath  with  a  glaucous 
bloom  ;  petiole  terete,  shghtly  taper- 
ing upwards,  glabrous. 

No.  1.  Peltate,  cordate  at  the 
base,  more  or  less  obtusely  five- 
angled,  radiately  five-  to  seven- 
nerved  and  closely  reticulated. 

No.  2.  Similar,  but  often  smaller, 
three-  to  five-angled,  shallowly  cor- 

FiG.  la.-Mermpermum  canadense.  ^^^^  ^^^^^ 

JcLElil  Hftilj'  SlZc« 


BERBERIDEiE. 

Benth.  et  Hook.  Gen.  PI.  i.  40. 

FruU  and  SeecL-The  frnit  of  the  Berberide^  is  a  berry  or 
capsule.   The  ovules  are  two  to  indefinite,  very  rare  y  sohtaiy, 
generally  anatropous  and  erect,  with  the  raphe  ventral  some 
Les  oJthotropous.    The  seeds  contam  a  ^0P^«^^^' ^ 
somewhat  hard  endosperm;  and  the  embryo  is  frequently 
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small  as  in  Larclizabala,  Caulophyllum,  and  Nandina,  but 
is  occasionally  of  medium  size  as  in  Berberis  (fig.  142).  In  the 
latter  the  embryo  is  nearly  three-quarters  as  long  as  the  seed, 
and  has  a  terete  radicle  with  broadly  ovate,  obtuse,  emarginate 
cotyledons.    The  notch  is  exceptionally  large  in  this  instance, 
and  I  could  see  nothing  in  the  structure  of  the  seed  to  account 
for  it.    It  is  moreover  often  altogether  absent ;  but,  when 
present,  is   apparently  due  to  the  slower  growth  of  the 
organic  apex.    The  seed  itself  is  bluntly  triangular  in  trans- 
verse section,  and  shows  the  cotyledons  lying  in  the  broader 
plane  of  the  seed,  but  not  always  strictly  in  apposition,  a 
cii-cumstance  possibly  due  to  the  squeezing  jDroduced  by  the 
endosperm,  while  the  cavity  is  a  little  wider  than  the  embryo 
it  contams.    The  shape  of  the  seed  is  due  to  the  mutual  pres- 
sure of  several  seeds  in  a  berry  or  fruit.    Either  the  dorsal 
aspect  of  the  seed,  or  the  sides,  may  be  the  broadest  according 
to  the  position  of  the  same  on  the  placenta.    The  general 
shape  of  seeds  in  the  order  is  obovoid,  oblong,  or  globose, 
and  they  are  generally  immersed  in  pulp  without  being 
subject  to  much  pressure  when  mature. 

Cotyledons.— The  cotyledons  are  generally  oblong,  obtuse, 
shortly  petiolate  or  subsessile,  deep  green,  glabrous,  sub- 
coriaceous,  with  a  few  slender,  ascending,  and  generally 
slightly  emarginate  veins. 

A  remarkable  type  is  found  in  Podophyllum  Emodi,  a  low 
creepmg  or  rhizomatous  herb  from  the  Himalayas.  The 
blades  of  the  cotyledons  are  roundly  oval,  entii-e  or  minutely 
emarginate,  with  a  small  tooth  in  the  notch,  five-  to  seven- 
nerved  and  faintly  reticulated  and  spring  horizontally  from  the 
apex  of  a  common,  terete,  rather  slender  petiole,  about  2  inches 
m  length,  formed  by  cohesion  of  the  original  two.  The  petiole 
splits  by  a  lateral  fissure  close  to  the  base  to  allow  the  exit  of 
the  plumule.  Instances  of  this  have  akeady  been  given  in 
Eanunculacese.' 


Berberis  Aquifolium,  Pursh.  (fig.  142). 

i^rmi  baccate,  ovoid  or  ellipsoid,  glabrous,  deep  purple,  black 
when  mature  and  covered  with  a  glaucous  bloom  tipped  with  the 
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short  stout  style  and  annular  stigma,  one-celled  ;  seeds  four  to  six 
or  fewer,  seldom  more ;  mesocarp  juicy,  deep  vinous  purple ;  endo- 
carp  thin,  membranous. 


c  oc 


^         Fig  Ul.—Berheris  Aquifoliuvi. 

^  nf  fruit  X  5  •  I?  S,  dorsal  suture  ;  Bn,  raphe ;  B  B,  radicles  ; 

1,  Transverse  section  of  frmt,  x  t> .  f^^'  ^  pericarp. 

C,0  cotyledons;  yS,  ventral  suture  ^0^  ^.radicle;  0  C,  outer  coat 

2,  Longitudinal  section  of  seed,  x  lu  .  u/^, 

(testa);  1 0,  inner  coat  (tegmen)  cotyledon;  0  C,  testa;  I C,  tegmen; 

3,  Transverse  section  of  seea,  x  lu  .  j 
Ba,  raphe. 
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seeds  towards  the  upper  end  of  the  placenta),  pale  brown,  glabrous, 
shining ;  testa  thick,  coriaceous ;  tegmen  thin,  membranous ; 
hilum  and  micropyle  contiguous,  basal,  the  hilum  forming  a  round 
or  oval  depressed  cavity  with  a  thickened  dark  margin ;  raphe 
ventral,  forming  a  thickening  on  the  ventral  angle ;  chalaza 
apical,  conspicuous. 

Endosperm  in  the  mature  seed  copious,  fleshy,  white. 
Embryo  considerably  shorter  than  the  endosperm,  straight, 
colourless  ;  cotyledons  oval,  obtuse,  minutely  emarginate,  otherwise 
entire,  sessile,  trinerved  at  the  base,  then  again  from  below  the 
middle  to  the  apex,  where  the 
lateral  nerves  unite  with  the  mid- 
rib, and  are  themselves  slightly 
branched ;  nearly  or  quite  flat, 
and  applied  to  one  another  face 
to  face,   or  frequently  pushed 
apart  with  the  edges  overlapping, 
lying  in  the  broad  way  of  the 
seed  with  their  backs  to  the 
placenta ;  radicle  cylindrical,  ob- 
tuse, or  thickest  near  the  point, 
about  as  long  as  the  cotyledons, 
embedded  in  the  endosperm  close 
to  the  micropyle. 

There  are  sometimes  three 
cotyledons  ;  and  in  other  cases,  by 
prohferation,  a  second  and  smaller 
embryo  is  produced,  closely  ap- 
plied to  the  larger  and  perfect  one. 

Seedling  (fig.  143). 

Eypoco  woody ,  erect ,  terete , 
about  3*6  cm.  long. 

Cotyledons  oblong,  obtusely 
pointed,  narrowed  into  the  petiole, 
glabrous,  1-5  cm.  long,  5  mm. 
broad. 

Stem   woody,    erect,  lower 
internodes  undeveloped. 

Leaves  simple  in  the  seedling  stage,  ultimately  imparipinnate 
caulme   alternate    stipulate,  petiolate.  glabrous,  coriaceous  re 
xculately  nerved,  deep  green  above,  glaucous  beneath  ;  petiole  fill 
form,  wiry,  dilated  and  sheathing  at  the  base,  articulated  with  the 


Fig.  US.—Berberis  Aquifolium. 
Nat.  size. 
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lamina  ;  joint  swollen ;  stipules  adnate  to  the  petioles  with  a 
small,  subulate,  acute,  free  point. 

No.  1.  Eeniform,  cuspidate,  minutely  spinous-serrulate. 

No.  2.  Eeniform,  cuspidate,  finely  spinous-serrate,  five-nerved 

at  the  base.  n  ^ 

Nos.  3  and  4.  Cordate,  finely  spmous-serrate,  five-nerved  at  the 

No.  5.  (In  a  second  specimen)  unequally  bi-foliolate ;  terminal 
leaflet  obliquely  ovate,  spinous-serrate  ;  lateral  leaflet  obhquely 
oblong-ovate,  obtuse,  cut  away  from  the  base  of  the  termmal 

^'^^  No.  6.  Trifoliolate ;  terminal  leaflet  oval,  spinous-serrate ;  lateral 
leaflets  obliquely  ovate,  spinous-serrate.  ,  ,    n  ,^ 

Subsequent  forms  are  three-  to  five-foholate ;  lateral  leaflets 
oblong,  ovate,  acute,  spinous-serrate ;  terminal  leaflet  oblong-cor- 
date, or  simply  ovate,  acute,  spinous-serrate        ^  ^   ^  ^    . , 

Ultimate  leaves  three-  to  nine-foholate  ;  lateral  leaflets  obhquely 
ovate,  cut  away  on  the  upper  side  at  the  base  ;  termmal  one  ovate ; 
all  spinous-serrate  with  sHghtly  repand  teeth. 

Berberis  erecta,  Auct.  ? 

Hvpocotyl  simHar  to  that  of  B.  Aquifohum. 

Cotyledons  subsessile,  1-25-1-5  cm.  long,  4-5  mm.  broad,  hnear- 
oblong  obtuse  and  emarginate,  alternately  and  ascendmgly  nerved, 
glabrous,  thin,  coriaceous,  dull  dark  green  on  the  upper  side,  hghter 

and  shining  beneath. 

Stem  firm,  terete,  glabrous,  brownish  green,  mternodes  very 

^^°^Leaves  Nos  1-10.  Alike,  simple,  cauUne,  alternate,  petiolate, 
alternately  nerved  and  reticulate,  glabrous,  coriaceous,  deep  green 
!bove  paler  beneath;  margin  spinous-serrate;  petioles  slender, 
wiry,  more  or  less  sheathing  at  the  base  or  stipulate. 

Berberis  vulgaris,  L.,  var.  sulcata. 

Sypocotyl  as  in  B.  Aquifolium,  1  cm.  to  2-5  cm.  above  the 

'""Cotyledons  oblong,  obtuse,  coriaceous,  shortly  petiolate,  1-25  cm. 
1        a  rv.m  Virnad  •  netiole  I'S  mm.  long. 

'""llTood;  terete,  glataws.  tbicUened  at  the  nodes,  p.le 

mffused  with  red;  mternodes  very  irregularly  developed, 
irthreftoline  undeveloped:  in  specimen  desenbed  first  three 
^developed;  4th  internode  6-6  mm.  long;  6th  1  em.;  Cth  4  6 
mm. ;  7th-10th  undeveloped. 
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^  Leaves  simple,  cauline,  alternate,  stipulate,  petiolate,  glabrous, 
spinous-serrate  with  the  spmes  directed  alternately  upwards  and 
downwards  forming  two  rows;  petioles  filiform,  slender,  reddish, 
glabrous,  dilated  and  amplexicaul  at  the  base;  stipules  minute,' 
nearly  wholly  adnate  to  the  sheath  of  the  petiole. 

No.  1.  Ovate,  cordate,  obtuse. 

No.  2.  Eeniform. 

No.  8.  Broadly  cordate,  obtuse. 

Nos.  4-6.  Cordate,  obtuse. 

No.  7.  Small,  rotund-cordate. 


Berberis  concinna,  Eook.f. 

Hypocotyl  erect,  terete,  glabrous,  3-5-4  mm.  long,  yeHowish- 

Cotyledojisoval  or  oblong, 
shghtly  emarginate,  fleshy, 
petiolate,  with  short  broadish 
petioles,  glabrous,  dull  green ; 
midribwith  numerous  ascend- 
ing branched  vemlets,  similar 
to  the  venation  in  the  leaves. 

First  leaves  opposite, 
ovate,  or  subrotund,  spiny, 
shimng  green  above,  glau- 
cous-green below,  otherwise 
as  in  the  preceding  species. 

Berberis  sibirica,  Pall. 

Sypocotyl  very  sunilar 
to  that  of  B.  Aquifolium. 

Cotyledons  very  similar 
to  those  of  B.  concinna.  The 
emarginate  character  is  at 
first  very  shght  or  altogether 
wanting. 

Stem  erect,  terete,  herb- 
aceous, ultimately  woody; 
1st  and  2nd  internodes  but 
shghtly  developed;  3rd  8-4 
mm.  m  length  ;  4th  exceed-  ^ 

ingly  short.  Podophyllum  Emodi.  Nat.  size. 

First  leaves  very  similar  to  those  of  B.  vulgaris. 
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Podophyllum  Emodi,  Wall  (fig.  144). 

wCator  rot„nd.ov...  enUre  or  .inutely  e... 
glnrt  wiftasmalUootkinthenotciave-t„..v™^^ 

1       n.inl-,rnn<?  ponvex  abovG,  margin  revolute,  ligHt  green 
;l  — isMnTng  on  bot.  surfaces  ;  ^^^2,^  ^^^^ 
14-5  mm  wide  ;  petioles  connate  into  one  terete  stalk,  thmly  and 
Lntdy  pubescent,  pale  green,  shining,  split  on  one  side  at  the 
base  to  allow  the  plumule  to  escape,  4-9  cm.  long. 

sL  herbaceous,  forming  an  underground  rhizome ;  1st  and  fol- 

r pt,  ;:iti:!^^^^^^^^^^^  or  pa^el^nerved  a.d  partite 
raditl  alternate  exstipulate,  petiolate,  glabrous  or  thinly  ciha  e 
wth  te  lobes  onlnerved  and  strongly  reticulate  ;  pe  lole  terete  (at 
least  in  the  seedling  stage),  glabrous,  pale  g^f.^^' ^^^j^  ^  ^^^^ 
No  1  Tripartite,  with  the  segments  radiatmg  equally  m  torm 
of  a  triangle  lobe  oval,  obtuse,  mucronate,  irregularly,  acutely, 
Id  mronatky  serrate,  the  termmal  one  slightly  the  largest. 


NYMPHiEACEiE. 
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Fruit  and  ^..cZ.-Carpels  three  to  many,  free  or  more  or 

Nelumbo  occupie  endosperm  and  perisperm. 

it  IS  very  small  and  ^iieae  is  d  piperace^ 
Such  cases  are  very  rare  t^^^  ^^^J  ^  ScitaminL.  In 
.and  in  the  Zingibereee,  ^ Jnbe  f^^^^^^  entnely  occupied 

theNymph.ace^how^v-,  ^  ^^^^^ 

f'''^'''ZZTl  M^^  sac  enclosing  the  em- 

formmg  a  moie  oi  ^^.^^^'^'^'^  The  seeds  are  usually 

bryo  at  the  ai^x  0  ^^^^        „tly  be 

anatropous,  but  m  a  turn  o       i  numerous  m 

found  that  are  orthotropous  ^^^^Xre  scattered  all  over 
Kymphjea,  Yictoria  -jd  oth.s  ^^^^^^  „, 
the  Avails  or  septa  of  the  ovary,    j-  j 
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Brasenia,  Euryale,  and  one  to  two  in  each  carpel  or  nut  of 
Nelumbium.  The  ripe  seeds  are  often  covered  with  a  pulpy  or 
fleshy  aril,  which  in  Euryale  is  large  and  fleshy,  and  serves  to 
float  the  seeds  after  liberation  from  the  spongy,  baccate  fruit, 
until  it  bursts  or  gets  broken,  when  the  seeds  immediately  sink! 

_  The  embryo  of  Cabomba  differs  from  that  of  Nuphar  or 
Victoria  in  being  shortened,  flattened,  and  rhomboid  in  vertical 
section  with  a  scarcely  discernible  caulicle  connecting  the  cotv- 
ledons. 

The  seeds  of  Nelumbium  differ  from  all  others  of  the  Order 
m  bemg  exalbuminous.  The  seed  contains  an  embryo  con- 
sisting of  two  large,  hemispherical,  fleshy  cotyledons  connected 
by  the  cauhcle  or  primary  axis.  Between  these  is  a  strondv 
developed  plumule,  the  leaves  of  which  are  closely  longitudL- 
ally  involute  at  the  margins.  The  petiole  is  also  bent  back- 
wards m  the  direction  of  the  radicle.  Germination  is  very 
rapid  after  access  of  water  to  the  embryo  and  takes  place  in  a 
very  few  days  if  a  small  hole  is  artificially  made  in  the  woodv 
pericarp.  wuuuj' 

Cotyledons.-The  typical  cotyledons  of  this  Order  as  far  as 
observed  are  subterranean-that  is.  remain  in  the  seed  even 
after  germmation.  Nymphasa,  Victoria,  and  Em-yale  may 
be  g,ve„  as  examples.  Another  type  is  seen  in  NeCbium 
wh,ch  alone  m  the  Order,  has  exalbuminous  seeds.  Th"  are 
la  ger  than  any  other  of  the  Nymphasace^e,  and  contoed  L 
a  thick  and  hgnified  pericarp,  while  the  embryo  occup™  th^ 
whole  of  the  interior,  to  which  it  conforms    The  .„mT 

heterophyllous,  a  circumstare  of  freouent  n  *' 

aquatic  plants  whether  r,h7Zl^„    ^       occurrence  amongst 

adult  stite  of  trl^tf  r7r-\°'  "^P'OS''"'^-    In  'he 
loving  herbs,  four  dWta  i  tpes  mly  b:™.!"*  °\ 
which  are  oblong,  orbicular  ZZiZ^     ^  ?'  """"'y'  "i"™ 
sented  byNymph*;:an  tph™     ™^  ,7"'^^  -P«- 

.eaves,as  seen  in  BrasenirVi^r  a^^^ , 
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peltate  and  aerial  leaves,  exhibited  by  Nelumbium ;  and  lastly 

L  finely-divided  l^^^^^:Z^,  ^^^l 

the^ad^Se,  «a  .  the  Jeaves  .ay  l^^^adUy 
examined  in  Nymp^a  Y  etom,  or  ^^^^^^ 
Nympb»a  Lotus,  w.  thermalis,  in  g 

a  long  root  (prinr-y  ™^  f  ^J^  ^Wes  o£E  the 

fast  mtemode  of  the  P'™"'"         ,  fast  leaf 

fa-st  leaf,  vvhich  is  ^l'"'^*',  *^'™'^'f '  ^''^  ^^^^^^^^     The  second, 

ttlSf  lerve^Lrplre,  orbicular,  wavy  at  the  margin, 
Lt  tbe  basal  sinus  is  open  or  at  least  no~  • 

TlS^tZ^f  N;m;::  areTo^^^^^^^^    a  rosett. 
varied,  and,  like  t^ose  oi  "y^  I      .  ^^^^  elongated 

The  fast  mtemode  m  ''oto  tt^^^  j^e  succeeding  ones 
than  in  the  Nymph^a  ^^'^^'^f^""'  ,<,,ette,  strong, 

are  undeveloped.    From  the  ^^^^J"  '  j^^t  the 

adventitious  ^ftf''^^  Z  slender 

S::[r:;ealtSt .  the  second  .  ^^^l^ 

.CU^he  basal 
pomt;and  thetourttiis  o  j^j^       jj^ie  capable  of 

smus  partly  more,  according  to  the 

elongating  to  18  oi  24  inche  oi  erminated. 
depth  of  tbe  water  in  whiA  h-e«^;  =  ^     ^^'.^y  same 

The  seedlmR     ^"'^^^^        second  and  third  leaves 
^ay  as  that  of  Victoria  out  ^^^^l^g  ,s 

are  rather  Wronger  and  b  oader.^^ 
larger,  due  no  doubt  to  ''^".  ^'f^'^T  The  fourth  leaf  m 
reserve  tood-matenal  at    J— ^a  great  advance  in  the 
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leaves  have  passed  to  their  present  condition  in  the  adult 
plant.  After  the  fourth,  which  is  regularly  the  first  floating 
leaf  in  both  Victoria  and  Euryale,  the  succeeding  ones  become 
connate  along  the  whole  of  their  basal  edges,  attaining  a 
perfectly  orbicular  form  by  rapid  stages.  Those  of  Victoria 
become  turned  up  at  the  edges  after  the  plant  has  reached  a 
considerable  size,  while  those  of  Euryale  always  remain  flat, 
merely  increasing  in  diameter.  The  largest  leaves  of  Victoria 
are  from  6  to  7  feet  across,  with  a  circumference  of  18  to  21 
feet,  perfectly  orbicular,  with  the  edges  turned  up  to  a  depth 
of  from  3  to  6  inches. 

The  peltate  and  aerial  type  of  leaf  is  exhibited  by  Nelum- 
bium  speciosum,  whose  strong  terete  petioles  vary  from  3 
to  6  feet  in  height,  bearing  at  the  top  a  nearly  horizontal, 
peltate,  orbicular,  umbihcate,  glaucous-green  lamina,  12,  18, 
or  more  inches  in  diameter. 

Finely-cut  leaves  occur  only  in  the  genus  Cabomba,  the 
greater  number  of  which  are  submerged  even  in  the  adult 
state  of  the  plant.  Aerial,  peltate,  orbicular,  and  entire  leaves 
seem  to  be  developed  chiefly  from  the  apex  of  the  stem  when 
flowermg,  as  the  blooms  are  aerial.  The  leaves  of  Barclaya  are 
linear,  oblong,  or  orbicular,  recaUing  in  a  measure  the  early 
8  ages  of  Nymph^a.  The  stem  of  Cabomba  and  Brasenia  is 
s  ender  and  erete  with  elongated  internodes,  whereas  the 
stem  of  the  other  Nymph^ace^e  forms  a  stout,  fleshy  rhizome 
or  IS  shortened  to  a  tuber. 

Nymphsea  Lotus,  L.,  var.  thermaHs. 

Primary  root  very  long,  slender,  with  numerous  root  hair, 
on  the  older  part,  which  is  brown,  but  with  veTfew  an^  1 
%t::n  tl  Z'^^^^  -ts^areTiir  te  ; 

fup^sl  thTpr!^:;^°oot^°'^'  '-''^  fi-^^' 

rooZZZ^:r^-'^        indistinguishable  from  the 
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midrib  strongly  protruding  on  the  lower  surface  with  many  nerves 
radiating  from  its  base,  and  given  off  alternately  or  Buboppos.  ely 
throughout  its  length  ;  nerves  ascending  forking  reticulate  ;  petiole 
long,  terete,  glabrous,  pale  green,  containmg  two  large,  central, 
semi-cylindrical  cavities  surrounded  by  eight  small  ones. 

No.  1.  Filiform,  tapering  to  the  tip  and  without  a  lamma,  sub- 
merged, about  1  cm.  long.  .  .    .  n  ^uvi 
Nos  2-4  Lanceolate-oblong,  obtuse,  rounded  at  the  base  with 
a  distinct  midrib,  brownish-green,  finely  mottled  with  purple  on 
both  surfaces,  thin  or  membranous,  submerged. 

Ultimate  leaves  oval  or  orbicular,  floatmg,  slightly  peltate  by 
the  union  of  their  basal  edges  for  about  I'Vr^^rlS^^^ 
diverging  auricles,  shallowlyand  acutely  repand-dentate,  with  three 
nerves  convergmg  and  entering  each  tooth,  deep  green  and  lucid 
above!  paler  beneath  and  marked  with  a  few  irregular  discoloured 

™  germmation  of  N.  alba  has  been  described  by  Tittmami, 
.  DenkscU.  der  K.  Baier.  Bot.  ^es.'  Bd  ii.  1822,  p.  101. 

Nuphar  lutea  has  also  been  described  by  Tittmann  m  the  same 


memoir. 
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FmU  md  See<i.-The  pistil  is  superior,  syncavpous,  with  a 
three-  to  fire-celled  ovary  made  up  ot  as  many  carpels  iHe 
^  n tation  is  axUe,  the  numerous  o™les  are  hon.onta^^^^^^ 
Lnous  and  arranged  in  many  series.  The  fruit  is  capsulai. 
The  seed::;  small  numerous,  ^^ed  with  a  copious  endos,,^^^^ 
surrounding  a  minute  embryo  near  the  hilum.    The  testa 

.essle,r:^  a  finely  reticulated  testa,  aiid^^^^^^^ 
?r:?ymtrl»^^^^^^^ 

^!;:rrnd  the  cotyiedons^a.  the  r^^^^^^^  J- 

seeds  of  Darlingtoma  califoimca     7"^""  ,,^,.i,.uke 

Ser Ssfr it::r2  ^ 

See  the  ag„re,  Le  M.e»t  »d  B.»i».,  «/ 


translation),  p.  213. 
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The  seed  itself  is  oval  in  outline,  and  the  funicle  terete  or  cylin- 
drical. The  embryo  is  also  cylindrical  and  nearly  as  long  as 
the  endosperm.  The  cotyledons  are  plano-convex,  and  many 
times  shorter  than  the  radicle. 

Seedling. — After  germination  the  cotyledons  increase  greatly 
in  length  proportionately  to  their  width.  The  hypocotyl  is 
terete,  slender,  of  considerable  length,  surmounted  by  the 
linear,  acute,  slender,  one-nerved  cotyledons,  which  are  dilated 
and  connate  at  the  base,  forming  a  little  cup  surrounding  the 
plumule. 

The  first  leaf  of  Darlingtonia  californica  ^  is  narrowly  linear, 
acute,  and  resembles  the  cotyledons ;  but  is  smaller  and  shorter. 
The  second  and  third  leaves  are  clavate,  tubular,  sheathing  at 
the  base,  and  ending  in  subulate,  hooked,  or  incurved  points. 

The  adult  leaves  vary  from  12  to  18  inches  in  length,  and 
are  all  radical,  with  the  petiole  tubular,  twisted  half  round  on 
its  axis,  furnished  with  a  narrow  wing  on  one  side,  on  the  edge 
of  which  are  glands,  vaulted,  saccate,  and  recurved  at  the  apex 
with  the  orbicular  mouth  on  the  lower  side  of  the  hood  and 
facing  downwards,  striate  longitudinally  with  parallel  nerves 
and  smaller  ones  between  them  ;  lamina  at  the  lower  and  outer 
edge  of  the  hood,  narrowed  at  the  base,  with  two  oblong 
or  lanceolate  widely  diverging  lobes  of  some  considerable 
length.  The  interior  of  the  pitcher  is  furnished  with  hairs 
pointing  downwards;  near  the  upper  end  they  are  short 
and  conical,  those  below  are  longer.  They  are  of  a  glandular 
nature  and  serve  to  decompose  insects,  which  are  caught  in 
large  numbers. 


PAPAVERACEiE. 

Benth.  et  Hook.  Gen.  PI.  i.  49. 


Frmt  and  Seed.-ln  this  Order  the  carpels  are  generally 
connate  mto  an  ovoid  or  oblong  one-celled  ovary  eventually 
formmg  a  capsule  or  pod ;  they  are  however  distinct  in  Platy- 
stemon,  and  form  a  two-celled  ovary  in  Glaucium ;  the  ovules  are 
anatropous,  ascending  or  horizontal ;  the  micropyle  is  inferior  ; 
'  Le  Maout  and  Decaisne,  p.  2ia. 
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and  the  raphe  superior  or  lateral.  The  embryo  is  minute 
The  seeds  are  globose  or  reniform,  smooth  (Sangumaria, 
Chelidonium,  Hypecoum.  Adlumia,  &c.)  or  alveolate  (Papaver, 
Meconopsis,  Glaucium,  Ecemeria,  &c.).  _ 

One  species  of  Corydalis  presents  us  with  an  mterestmg 
case  of  what  I  have  proposed  to  call  Heterocarpism.'    That  is 
to  say,  the  plant  produces  two  kinds  of  fruit,  one  somewhat 
flattened,  short  and  broad,  with  rounded  angles,  the  other 
elongated,  hooked,  and  shaped  like  a  shepherd  s  crook  with 
a  thickened  staff.    The  hook  perhaps  serves  for  dispersion. 
It  is  possible  that  the  alveolate  surface  of  the  seed  may  serve 
the  same  purpose-the  depressions  imprisonmg,  as  it  were  a 
certain  quantity  of  air,  and  thus  lowering  the  specific  gravity. 

In  the  Poppies  the  seeds  are  so  situated  that  they  can 
only  leave  the  capsule  if  it  he  swung  or  jerked  by  the  wind. 
In  the  case  of  trees,  even  seeds  with  no  special  adaptation 
for  dispersion  must  be  often  carried  by  the  wind  to  some 
distance,  and  to  a  certain,  though  less  extent  this  must  hold 
good  even  with  herbaceous  plants.    It  throws  light  on  the,  at 
first  sight,  curiou.  fact  that  in  so  many  plants  with  smaU 
heavy  seeds  the  capsules  open  not  at  the  bottom,  as  one 
might  perhaps  have  been  disposed  to  expect,  but  at  the  top. 
A  good  illustration  is  afforded  by  the  well-known  case  of  the 
fommon  Poppy,  in  which  the  upper  part  of  ^he  capsule 
presents  a  series  of  little  doors  through  which,  when  the 
^lant  is  swung  by  the  wind,  the  seeds  come  out  one  by 
one     The  little  doors  are  protected  from  rain  by  overhanging 
eaves  and  are  even  said  to  shut  of  themselves  in  wet  weather. 
'    C;iec^o.a.-There  are  at  least  four  distinct  types  of  coty^ 
ledons  in  the  Order,  namely,  linear,  broadly  oblong  bifid  and 
ovate     The  first  is  the  most  prevalent  and  characteristic,  and 
may  be  seen  in  Pla.ystemon,  Papaver^  Argemone. 
Glaucium,  Ecemeria,  Hypecoum,  and  ^^--^'/.^J^J^^^^t 
losum  var.  Heldreichii  (fig.  145)  they  are  oblong-hneai ,  obtuse 
ent  ^e  nessile,  one-nerved,  and  glabrous.  Others  vary  from  this 
n  b  igTo  e  ^^^^      and  more  distinctly  linear,  and  some  a  ^ 
narrowed  to  a  petiole  as  in  P.  spicatum  and  occasK)na  y  m 
Meconopsis  cambrica.    The  midrib  is  not  always  disceinible 
.  Flowers,  Fruits,  and  Leaves,  5th  edit.  p.  00.  =  Ibid.  p.  64. 
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in  fresh  specimens.  A  slight  modification  occurs  in  Platy- 
stemon  caHfornicus  (fig.  146),  Eoemeria  refracta,  and  Argemone 
mexieana  (fig.  147),  where  the  cotyledons  are  connate  at  the 
base,  forming  a  cup  around  the  plumule.  Those  of  the  latter 
are  16  to  20  mm.  long,  while  in  Hypecoum  procumbens  (fig. 
153)  they  are  from  28  to  32  mm.,  and  a  similar  length  in 
Fumaria. 

The  second  type  is  seen  inBocconia  fruteseens  (fig.  150),  a 
shrubby  species  in  which  the  carpel  contains  only  one  ovule 
developing  into  a  very  large  seed  for  the  Order.  The  cotyledons 
are  oblong,  obtuse,  tapering  to  a  short,  broad  petiole,  slenderly 
five-nerved,  faintly  reticulate,  28  to  36-5  mm.  long,  and  6-5  to 
11  mm.  wide. 

The  bifid  cotyledons  of  Eschscholtzia  californica  (fig.  152) 
may  be  described  as  an  aberrant  type,  seeing  that  they  are 
quite  entire  in  E.  tenuifoha.  Those  of  the  former  are  Hnear, 
slender,  28-30  mm.  long,  bifid  for  18  mm.  of  their  upper 
portion,  with  acute  segments,  slightly  dilated  and  connate  at 
the  very  base.  When  full  grown  they  are  only  about  1  mm . 
broad  below  the  fissure,  and  the  segments  diverge  like  the 
prongs  of  a  hay-fork. 

A  fourth  and  rather  remarkable  type  is  exhibited  by 
Adlumia  cn-rhosa  (fig.  154),  Corydalis  lutea  (fig.  155),  and 
Cysticapnos  africana.  In  Adlumia  they  are  broadly  ovate 
acute  three-  to  five-nerved;  in  Corydalis  lutea  ovate  or  lanceo- 
ate-elliptic,  with  the  lamina  usually  sharply  deflexed  ;  and  ob- 
long-ovate, and  three-  to  five-nerved  in  Cysticapnos  africana, 
a  Cape  species  with  a  bladder-Hke  fruit  otherwise  similar  to 
the  British  CorydaUs  claviculata,  but  sometimes  separated  as 
a  distinct  genus.  All  the  three  plants  mentioned  have  thin 
membranous  dehcately-nerved  cotyledons  with  long  petioles, 
thus  differing  from  the  species  of  most  other  genera  in  the 

their  shape  that  of  typical  Eanuncu- 
lacea^.  The  pecuhar  cotyledons  of  Eschscholtzia  californica 
have  already  been  referred  to.  If  the  seed  be  moderately  well 
buried  m  the  earth,  the  bent  and  elongating  hypocotyl  pulls 
tht"  ShtZtr^'  VI'  ^^^^  ^^^^  soonlfokfti  th 

up  on  theirs  X  I  1 T'"'  '''''''' --ied 
up  on  the  tips  of  the  cotyledons,  and  the  latter  soon  bulge  out- 
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wards,  balloon-fashion,  in  their  efforts  to  unfold  to  the  light. 
Ab  they  elongate  they  become  twisted,  turning  their  upper  side 
to  the  light,  until  they  finally  escape  from  the  dried-up  testa, 
and  the  membranous,  skin-like,  used-up  endosperm  ;  they  often 
remain  twisted  for  a  short  time  after  they  are  quite  free,  but 
finally  assume  a  spreading  or  ascending  position,  with  the 
segments  about  as  long  as  the  undivided  portion  and  diverging 
like  the  prongs  of  a  hay-fork.    The  lobes  by  narrowmg  the 
cotyledons  would  seem  to  facilitate  twisting  in  order  to  escape 
from  the  seed.    E.  tenuifolia,  with  a  smaller  embryo  and 
narrower  but  undivided  cotyledons,  is  otherwise  similar  to 
E.  californica,  and  germinates  in  a  similar  way. 

Papaver  villosum,  Sil,  var.  Heldreichii  (fig.  145). 
Eypocotyl  subterranean  or  1-2  mm.  exposed. 
Cotyledons  oblong-linear,  obtuse,  glabrous. 
Leaves  simple,  radical,  alternate,  esstipulate,  petiolate. 

No.  1.    Lamina  rotund-ovate,  obtuse, 
entire,*glabrous  ;  petiole  flattened  or  slightly 
channelled  above,  glabrous,  subglaucous. 
No.  2.  Similar,  but  larger. 
No.  3.  Lamina  rotund-elUptic,  obtuse, 
•  with  a  shaUow  tooth  on  each  side  near  the 
apex,  obscurely  penninerved  and  reticulate. 

Pig.  U5.-Papaver  villo-  glabrous  or  sparsely  pilose. 
sum,  var.  Heldreichii.      -^^   4^  Lamina  ovate,  obtuse,  crenaie, 

cuneate  at  the  base. 
TbP'  cotvledons  in  P.  caucasicum  and  P.  orientale  resemble 
those  of  P  —    In  P.  spicatum  they  are  slightly  broader  m 
the  middle. 

Papaver  orientale,  L.,  var.  major. 

Primary  root  nearly  perpendicular,  unbranched,_ colourless 
Hy^oZljl  terete,  glabrous-  slender,  light  grepsh-green,  1  cm. 

n;^r;^^:^e,  linear-lanceolate,  obtuse  ^^^-ntire  wit. 
distinct  midrib,  thin,  glabrous,  hght  greyish-gieen,  1  cm.  loi  g, 

2-2-5  mm.  broad. 

S^cm  elongated  when  about  to  flowe^^^^  ^^^^^.^^^^^^ 

Leaves  as  in  preceding,  but  petiolate      «^      '  j^h 
penninerved,  more  or  less  coarsely  hairy  m  the  adult  state, 
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a  strong  midrib,  and  a  yellow  or  milky-white  juice  ;  petioles  when 
present  more  or  less  sheathing  at  the  base. 

No.  1.  Spathulate,  obtuse,  entire,  or  with  a  tooth  on  one  or  both 
sides  near  the  apex,  petiolate,  glabrous,  thin,  glaucous. 

No.  2.  Similar,  larger. 

No.  3.  Subovate,  obtuse,  with  one  obtuse  serrature  on  each  side. 

Papaver  spicatum,  Boiss.  et  Bal. 

IJypocotyl  extremely  short  or  subterranean. 
Cotyledons  linear,  tapering  to  the  base,  3-4  mm.  long,  not  very 
persistent. 

Leaves  glaucous,  petiolate  ;  petioles  channelled  above,  dilated  and 
sheathing  at  the  base  ;  juice  milky. 

Nos.  1,  2,  and  sometimes  3.  Entire,  with  an  oblong  to  rotund 
or  ovate-obtuse  lamina,  and  ascending  or  incurved  nerves,  glabrous. 

No.  4.  Eotund,  obtuse, 
crenate-serrate,  glabrous.  A 

No.  6.  Ovate,  obtuse, 
coarsely  and  distantly  cre- 
nate-serrate, sparsely  pilose 
on  the  upper  surface ;  nerves 
ascending  and  incurved. 

No.  6.  Ovate-oblong,  ob- 
tuse, coarsely  and  distantly 
crenate-serrate,  pilose  on 
the  upper  surface. 

Platystemon  californi- 
cus,  Benth.  (fig.  146). 

Primary  root  tapering 
downwards  with  numerous 
lateral  rootlets. 

Sypocotyl  short,  hardly 
appearing  above  the  soil, 
stout,  obconical. 

Cotyledons  Hnear,  acute, 
entire,  sessile,  glabrous, 
green,  indistinctly  one- 
veined  as  in  the  leaves. 

Stem  with  primary  in- 
temodes  undeveloped. 

First    leaves  simple, 
entire,  cauline,  alternate, '  exstipulate,  sessile,  linear,  acute,  with 


Fig.  146.-  Platystemon  californicus. 
Nat.  size. 
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scattered  coarse  liairs  on  the  upper  side,  and  with  a  spiny  margin, 
except  the  first  one  or  two.  glabrous  on  the  under  side,  hght  green, 
shghtly  fleshy,  one-veined. 

The  mode  of  germination  closely  resembles  that  of  Eschscholtzia 

tenuifolia. 

Argemone  mexicana,  L.  (fig.  147). 

Primary  root  tapering,  with  numerous  branching  rootlets. 
Hvvocotvl  undeveloped  or  subterranean  and  indistmgmshable 

from  the  root. 

Cotyledons  linear,  en- 
tire, acute,  dilated  and 
connate    at    the  base, 
forming    a  cup  round 
the   plumule,  glabrous, 
glaucous  on  both  sur- 
faces, without  any  dis- 
cernible venation  in  the 
fresh  state,  16-20  mm. 
long. 

Stem  herbaceous, 
annual,  erect,  developed 
when  about  to  flower; 
primary  intemodes  un- 
developed. 

Leaves  simple,  radi- 
cal and  cauhne,  alter- 
nate, exstipulate,  sessile, 
alternately  and  ascend- 
ingly  penninerved,  pin- 
natifid,  spiny,  with  thm 
prickles  on  both  surfaces, 
otherwise  glabrous,  deep 
glaucous  -  green  above 
with    the    midrib  and 
principal  nerves  splashed  with  white,  --h  Pal-  and  uniformly 
Glaucous  beneath,  dilated  and  amplexicaul  at  the  base. 
^    Nos  l  2  Spathulate-cuneate,  acutely  dentate-serrate  near  the 

'^'no.  3.  Spathulate-cmaeate,  much  I'arger  than  the  first  two,  spiny- 
''"nos  4-6.  Obovate,pinnatifidorlobulate  imdulateatthemargin, 
with  the  lobes  and  teeth  tipped  with  spiny  bristles. 


Fig.  liT  .—Argemone  mexicana. 


Nat.  size. 
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Meconopsis  cambrica,  Vig.  (fig.  148). 

Fmit  an  oblong  capsule,  tipped  with  the  short,  stout,  persistent 
style,  one-celled,  many-seeded,  dehiscing  by  pores  or  short  valves. 

Seed  obovoid-reniform,  slightly  curved,  closely  reticulated  or 
alveolate,  glabrous,  dark  brown  or  nearly  black  ;  hilum  and  micro- 
pyle  contiguous,  basal ;  raphe  ventral ;  chalaza  ventral,  a  little 
below  the  apex  of  the  seed  and  forming  a  small  thickening  or  crest 
externally. 

Endosperm  copious,  granular-oily,  white. 

Embryo  small,  straight,  situated  close  to  the  base  of  the  seed, 
colourless  ;  cotyledons  rotund  or  rotund-ovate,  obtuse,  entire,  plano- 
convex, ringent,  very  short,  usually  two  but  sometimes  three  ; 


1  2  4 

Fig.  li8.~Meconopsis  cambrica. 

1,  Seed,  X  30  ;  Ch,  chalaza ;  Ba,  raphe  ;  H,  hilum 

2,  Longitudinal  section  of  seed,  x  30  :  E,  embryo  •  P  endoqnprTn  ■  Oh  nhnU 

radicle  short,  stout,  subturbmate,  obtuse,  about  twice  as  long  as 
the  cotyledons  and  as  broad,  lying  within  the  endosperm  close  to 
the  base  ol  the  seed. 

Seedling  (fig.  149). 

Primary  root  tapering,  colourless,  with  lateral  rootlets. 

Eypocokjl  fleshy,  colourless,  1-4  mm.  long 

Cotyledons  linear,  _  obtuse,  sessile,  or  frequently  narrowed  at 
the  base  and  lengthenmg  mto  a  petiole  5  mm.  to  1  cm.  long  1  to 
1*5  mm.  broad.  °' 

Leaves  simple  radical  and  cauhne,  alternate,  exstipulate,  petio- 
la te,  glabrous,  wi  h  milky  juice  ;  petiole  subterete.  channelled  above 
pale  green,  succulent.  '"wuve, 

No.  1.  Entire,  with  an  ovate,  oval,  or  elliptic  lamina. 
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No.  2.  Similar  or  sometimes  slightly  trifid. 
No.  3.  Deeply  trifid  ;  lateral  lobes  oblique ;  termmal  lobe  some- 
what obovate,  obtuse.  <.„,.vr,^n«i 
No.  4.  Tripartite;  lateral  lobes  oblique  or  subauricled ;  termmal 

lobe  subelliptic  or  cuneate,  subtrifid. 


Fig.  liQ.—Mecono'psis  cambrica.   Nat.  size. 


150—Bocconiafruiescens.   Nat.  size. 

Bocconia  frutescens,  L.  (fig.  150). 


PAPAVERAOE^ 


127 


beneath  with  a  yellowish  hue,  slightly  reticulate  ;  lamina  26-32 
mm.  long,  6-5-11  mm.  wide ;  petiole  broad,  flattened  above,  convex 
on  the  back,  2-25-4'5  mm.  long. 

Stem  erect,  terete,  ultimately  shrubby ;  primary  internodes  un- 
developed. 

Leaves  simple,  caulme,  alternate,  exstipulate,  petiolate,  alter- 
nately and  ascendingly  penninerved,  hght  glaucous -green  above, 
and  obscurely  reticulate,  paler  beneath  and  distinctly  reticulate, 
glabrous  ;  petiole  (in  the  seedling)  semiterete,  flattened  on  the 
upper  side,  very  sHghtly  winged  at  the  edges,  tapering  upwards 
from  a  broad  stout  base,  rather 
succulent,  with  orange-coloured 
juice. 

No.  1.  Ehomboid,  subacute, 
tapering  to  both  ends,  pinnatifid, 
with  one  lobe  and  a  few  coarse 
irregular  teeth  on  each  side  ;  lobes 
or  teeth  often  traversed  by  two 
or  more  longitudinal  nerves,  and 
tipped  with  a  glandular  mucro. 

No.  2.  Similar,  but  larger,  and 
generally  more  deeply  cut. 


Glaucium  corniculatum,  Curt., 
var.  rubrum  (fig.  151). 

Primary  root  slender,  tapering, 
colourless,  almost  devoid  of  lateral 
rootlets  in  the  early  stage,  annual 
or  biennial. 

Hypocotijl  scarcely  distinguish- 
able from  the  root. 

Cotyledons  linear,  slender,  soon 
perishing. 

Stem  herbaceous  and  developed 
only  when  about  to  flower. 

Leaves  simple,  radical  and  cauUne,  alternate,  exstipulate,  petio- 
late more  or  less  pinnatifid  or  pinnatisect  and  lobed,  pilose  on  both 
surfaces,  especially  when  young,  deeply  glaucous  above,  paler 
beneath  ;  petioles  flattened  above,  convex  below,  pilose  or  woolly  at 
the  margms,  dilated  and  amplexicaul  at  the  base. 

Nos.  1-2.  Spathulate  and  entire,  or  tridentate  at  the  apex 
No.  3.  Larger,  oblong. 

No.  4.  Oblong,  rather  coarsely  and  acutely  serrate. 


Fig.  151.' 

Glaucium  corniculatum,  var.  ruhrmn. 
Nat.  size. 
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No.  5.  Cmieate-oblong,  somewhat  lobed,  retuse  and  dentate  at 

"the  apex.  , 
No  6  Somewhat  similar  but  with  more  numerous  lobes. 

No  7  Oblong-cuneate,  retuse  and  tridentate  at  apex,  pmnatifid 
and  tapering  very  much  to  the  base ;  lobes  and  teeth  acute,  gene- 
rally tipped  with  a  bristle. 

Glaucium  Serpieri,  Heldr. 

Cotyledons  lanceolate  to  oblong,  obtuse,  entire,  petiolate,  gla- 
brous, pale  glaucous-green,  pinnatinerved  as  m  the  leaves. 

Stem  with  primary  internodes  undeveloped. 

First  leaves  as  m  preceding,  cauline  and  cuneate,  tridentate 
above,  serrated,  with  a  few  long  scattered  hairs,  glaucous-green, 
pinnatinerved. 

Eoemeria  refracta,  DC. 

Eypocotyl  terete,  its  epidermis  soon  becoming  split  and  com- 
pletely torn  off,  8-13  mm.  long. 

Cotyledons  linear,  obtuse,  or  subacute,  entire,  connate  at  the 
base,  glabrous,  biconvex,  spreading  horizontaUy,  9-11  mm  long. 

sLn  with  its  internodes  undeveloped  ki  the  seedhng  stage. 

Leaves  simple,  radical  and  cauhne,  ^^^'^^^^'f'^"^^'''^^^^ 
late  with  scattered  hairs  at  least  in  the  young  state,  brittle  bright 
ireen  petiole  channelled  above,  with  a  promment  ridge  beneath 
Telthing  at  the  base,  narrowly  winged  as  if  the  leaf  were  decui-rent 

""^^Nos'  1-2.  Narrowly  spathulate,  obtuse,  sUghtly  mucronate, 
tapering  graduaUy  into  the  petiole,  entu-e. 

No  3  Bi- to  tri-fid  with  alternate  segments. 

Nos  4-5.  Trifid,  or  4th  to  6th  irregularly  pmnatifid 

Nos.  6-7.  Pinnatifid  with  alternate  segments  which  are  agam 
shghtly  cut. 

Eschscholtzia  californica,  Cham.  (fig.  152). 

Primary  root  long,  tapering,  with  short  lateral  rootlets,  yeUowish, 

"^sLcotyl  short,  tapering  downwards,  pale  and  stained  with 
.A  aUhrnuB  mostly  subterranean,  about  4  mm.  long. 

deeply  bifid,  -g-nts  acute  b_ 
brous  glaucous,  dilated  at  the  base  and  perfo  rate,  2  8  to  8  cm.  long 
tgm'eirabou  1-8  cm.  long),  1  mm.  broad  below  the  fissui-^. 
^  herbaceous,  annual,  developed  when  about  to  flower. 

"  simple,  radical  and  cauhne,   alternate,  exstipulate, 
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petiolate,  glabrous,  glaucous  on  both  surfaces  ;  petioles  shallowly 
grooved  above,  slightly  carinate  on  the  back,  dilated  and  clasping 
at  the  base. 

No.  1.  Cuneate,  tripartite ; 
lateral  lobes  bifid,  terminal  trifid; 
ultimate  segments  subulate  or 
narrowly  oblong,  obtuse. 

No.  2.  Tripartite  ;  lateral  lobes 
cuneate,  trifid  ;  terminal  one  again 
trilobed  with  its  middle  lobe  trifid, 
the  others  entire. 

No.  3.  Bi-ternatisect ;  ultimate 
segments  lanceolate,  obtuse,  or 
subacute. 

Nos.  4-6.  Bi-  to  tri-ternatisect ; 
ultimate  segments  as  in  ISTo.  3. 

Ultimate  leaves  radical,  deltoid 
in  outline,  tri-ternatisect,  with  ob- 
lanceolate  or  linear-oblanceolate, 
subacute  segments,  tipped  with 
orange-red,  petiolate  ;  cauhne  ex- 


FiG.  152.— Eschscholtzia  californica. 
Nat.  size. 


actly  similar  or  smaller  and  with  shorter  petioles. 

Eschscholtzia  tenuifolia,  Benth. 

Primary  root  as  in  preceding,  but  slender,  colourless 

Hypoootyl  slender,  erect,  terete,  glabrous,  pale  glaucous-green 
or  colourless  towards  the  base,  6-5-18  mm.  long 

Cotyleclom  slender,  linear,  attenuated,  obtuse,  shallowly  grooved 
above,  convex  on  the  back,  glabrous,  glaucous,  slightly  broader 
above  the  middle  representing  a  lamina,  ascending  or  arching  out! 
wards  above  the  middle,  14-30  mm.  long,  -5-1  mm  wide 
_  Stem  short,  erect,  developed  when  about  to  flower,  leafy'-  primarv 
mternodes  undeveloped.  ^ '  P^^^^ 

Leaves_  cauhne,  entire  at  first,  ultimately  pinnatisect,  with  a 
vem  running  through  each  segment,  but  not  discernible  in  hTfresh 
state,  shallowly  grooved  above  ;  petioles  rounded  on  the  back  or  ub 
cannate  grooved  above  ;  otherwise  as  in  preceding  species 

No.l.  Linear,  obtuse,  slender,  entire,  or  rarely  (?  accidental) 
showmg  a  lateral  segment,  similar  to  itself  but  shorter.  ^ 

JNo.  A.  Linear,  slender,  entire,  similar  to  the  first. 

Hypecoum  procumbens,  L. 

Fruit  ^^.y,  indehiscent.  linear,  straight  or  curved  horn-like  pod. 

K 
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scffmented  and  forming  a  more  or  less  conspicuous  transverse  ridge 
between  each  seed,  each  of  the  latter  being  contained  m  a  separate 
locellus  bv  a  transverse  development  of  cellular  tissue  D^nng  ger, 
mination"'  the  pod  or  its  segments  separate  slightly  along  both 
sutures  to  allow  the  seedling  to  get  out. 

Seed  lenticular,  somewhat  flattened  laterally  but  convex,  rounded 
on  all  the  edges  except  the  ventral,  which  is  straight,  deep  bro^oi  or 
almost  black,  very  minutely  and  inconspicuously  glandular  or  reticu- 

^''%ermination.  When  the  seeds  swell,  the  pod  bursts  along  both 
sutures  and  the  radicle  protrudes,  fixes  itself  deeply  m  the  soil 
and  together  with  the  lengthening  and  straightenmg  hypocotyl 
assists  the  cotyledons  in  making  their  exit  from  the  seed  and 

^°'\he  cotyledons  are  Hnear,  acute,  tapering  upwards,  and  very 
slender,  semiterete  at  the  base,  and  more  or  less  completely  terete 
unwards   14-20  mm.  long.    By  their  growth  m  length  durmg 
.  upwards,  germination  their  exit  from  the  seed 

and  pod  is  materially  assisted. 

Seedling  (fig.  153). 
Primary  root  slender,  tapering,  with 
a  few  lateral  rootlets,  annual. 

Hypocotyl  terete,  tapermg  indistin- 
guishably  into  the  primary  root,  gla- 
brous, pale  green,  3-5  mm.  above  the  soil. 

Co  ty  ledoiis  subulate,much  attenuated , 
slender,  tapering  upwards  fi'om  a  dilated 
connate  base,  sessile,  grooved  from  the 
base  for  some  distance  upwards,  pale 
glaucous-green,  fading  to  a  yellowish 
green  when  old,  glabrous,  entire,  2-8-8-2 
cm.  long,  about  1  mm.  wide  near  the  base. 

Stem  annual,  developing  when  about 
to  flower;  primary  internodes  unde- 
veloped. 

Leaves  simple,  radical  and  caiUme, 
alternate,  exstipulate,  petiolate,  pni- 
natelv  multisect,  with  the  venation 
ramifying  accordingly,  and  sending  a 

„e™  into  ew.y  ^^^'^^^^^2^'^,'^  ^ 


Fig.  i5S.—IIypecoum  pro- 
cumbens.  Nat.  size. 
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dilated  and  amplexicaul  base,  glaucous  at  first,  then  a  pale 
green. 

No.  1.  Pinnatisect,  with  three  oblanceolate-linear,  obtuse  seg- 
ments. 

No.  2.  Similar  or  with  four  to  five  segments,  that  is,  one  or  two 
on  each  side  of  the  leaf. 

No.  3.  Pinnatisect  or  shghtly  bi-pinnatisect,  with  the  secondary 
divisions  on  the  anterior  side  of  the  primary  ones  ;  segments  slender, 
lanceolate-linear. 

No.  4.  Bi-pinnatisect,  with  lanceolate-linear,  obtuse  or  rather 
acute  segments. 

Adlumia  cirrhosa,  Baf.  (fig.  154). 

Primary  root  tapering,  brittle,  succulent,  yellowish,  with  a  few 
lateral  rootlets. 

Hypocotyl  erect,  terete,  succulent,  glabrous,  reddish,  7-16  mm 
long. 

Cotyledons  petiolate,  glabrous,  pale  green  ;  petioles  horizontal 
slender,  slightly  channelled  on  the  upper  side,  subdilated  and  con- 
nate at  the  base,  16  mm. 
long;  lamina  ovate,  acute, 
faintly  five-nerved,  pendent, 
recurved,  6  mm.  long,  4-25 
mm.  broad. 

Stem  developed  the 
second  year  to  12  feet  or 
more,  slender,  climbing  by 
means  of  tendrils. 

Leaves  simple,  ternati- 
sect,  radical  and  cauline 
(the  second  year),  alternate, 
exstipulate,  petiolate,  gla- 
brous, pale  green  above, 
nearly  glaucous  beneath, 

thin  and  delicate    marked  XU.^A^unUa  cirrhosa.    Half  nat.  size. 

with  fine,  more  or  less  fork- 
ing ascending  or  suberect  veins  ;  petioles  succulent,  brittle,  chan- 
subc^We      ''''''  '''''  '''''''  obtusely 

_  Nos.  1  and  2.  Ternate ;  lateral  segments  ovate,  cuspidate  •  ter 
mmal  one  elliptic,  cuspidate    No.  2  in  robust  specimens  bilni  ! 

No.  3.  Biternate  or  m  robust  seedlings  triternate. 

No.  4.  Triternate. 
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No.  5.  Triternate,  with  the  terminal  lobe  of  the  primary  divisions 

bi-  or  trifid.  ,  ,  ,  , 

No  6  Triternate  with  many  of  the  larger  lobes  more  or  less  cut. 

No!  7.  Triternate,  and  much  cut.   (Nos.  G  and  7  in  fig.  154  have 

^''ummat\eaves  large,  triternately  multisect;  ultimate  segments 
ovate,  cuspidate  ;  terminal  ones  obovate,  cuspidate. 

Corydalis  lutea,  DO.  (fig.  155). 

Hypocotyl  erect,  terete,  glabrous,  reddish,  about  1  cm.  long. 

Gotiilcdons  ovate  or  lanceolate-elliptic,  acute,  petiolate,  gla- 
brous, pale  green,  often  mottled  with  red;  lamina  sharply  decurved 
6.5  mm.  long,  3  mm.  broad ;  petiole  terete,  glabrous,  subdilated  at 

the  base,  7-5  mm.  long.  ,    ,     .    ,  r.A...\r.a 

Stem  herbaceous,  short,  stout,  pioducmg 

flowering  branches. 

Leaves  simple,  ultimately  bi-ternatisect, 
radical  and  cauhne,  alternate,  exstipulate,  petio- 
late, glabrous,  pale  glaucous-green;  petioles 
obtusely  trigonous,  or  flattened  above  and  sub- 
carinate  beneath,  especially  towards  the  base, 
dilated  and  semi-amplexicaul  at  the  base,  gla- 
brous. 

No    1.    Ternatisect;    terminal  segment 
rotund,  trinerved,  trifid;    lateral  segments 
rotund,  entire  or  tridentate. 
Fig.         Corydalis         -^^^  2.  Similar. 
Utea.  Nat.  size  ultimate  leaves  bi-  to  tri-ternatisect ;  ter- 

minal segment  of  each  primary  division  cmieate,  trifid,  with  obtuse 
rcronatfteeth ;  other  segments  oval  or  elhptic.  entire  or  bi-  to 
\r\  dentate  or  -fid,  obtuse  and  mucronate  at  the  tips. 

In  C    nobihs  the  cotyledons  are  oval,  oblong,  obtuse,  and 
minutely  emarginate. 

Fumaria  Vaillantii,  Lois. 

Evvocotyl  erect,  striated,  glabrous,  10  mm.  long  reddish 
fayledons  linear,  acute,  tapering  to  the  base,  entire,  light  green, 
glabrous,  indistinctly  one-veined. 

^frm  with  primary  internodes  scarcely  developed. 
S:lLect.'petiolate,  glabrous ;  1st  leaHe- *an 
succeeding  leaves,  cauline,  alteniale  i    segments  mostl)  tulobecl 
riots^eing  Igaiu  bi- to  tn-lobed;  lobes  Imear-laueeolate  o> 
linear-oblong,  acute. 


PAPAVERAOE/E 


133 


Cysticapnos  africana,  Gaertn. 

Hypocotyl  filiform,  8  or  4  cm.  long,  -75  mm.  thick,  green,  with 
reddish  strife. 

Cotyledons  petiolate,  glabrous,  blade  1  em.  long,  4  mm.  broad, 
ovate-lanceolate,  trinerved,  the  lateral  nerves  sending  branches 
towards  the  margin  only,  entire,  thin,  glaucous  ;  petiole  5  or  6  mm. 
long,  -5  mm.  thick. 

Leaves.— ^0.  1.  Including  slender  petiole,  1-5  cm.  long,  6-8  mm. 
broad,  trifid,  glabrous,  thin,  glaucous. 

No.  2.  Trisect,  basal  lobes  or  sections  bifid. 

Ultimate  leaves  simple,  multisect,  radical  and  cauhne,  alternate, 
exstipulate,  petiolate,  glabrous,  glaucous,  membranous;  petioles 
more  or  less  dilated  and  sheathing  at  the  base. 


CRUCIFERiE. 

Benth.  et  Hook.  Gen.  PI.  i.  57. 

Fruit  and  Seed.—ln  this  great  Order  the  ovary  is  composed 
of  two  connate  carpels,  very  rarely  of  three  to  four,  as  in  Tetra- 
poma,  Holargidium  (a  monotypic  Siberian  genus  now  merged 
m  Draba),  and  sometimes  Brassica  and  Nasturtium ;  the  ovules 
are  numerous,  or  few  or  solitary,  pendulous  or  horizontal,  very 
rarely  basilar  (Clypeola)  or  apical  (Isatis),  campylotropous  or 
half-anatropous,  with  the  raphe  ventral  and  the  micropvle 
superior.   The  fruit  (a  pod)  is  short  or  elongated,  usually  two- 

The  seeds  are  oblong,  subglobose,  or  flattened  and  margined 
or  wmged,  and  exalbuminous  (except  in  some  species  of  Isatis),' 
the  embryo  occupying  the  whole  seed. 

The  embryo  is  rarely  straight  (Leavenworthia) ,  generally 
more  or  less  curved.    The  cotyledons  are  sometimes  linear 

bnfr  1^1  T^"^''  or  folded  transversely  (Diplocolobe^), 
bu  generally  broad,  sometimes  folded  in  two  along  their  length 

2t  it;"""'    '  incumbent  to  the  radicle 

(Hg.  162),  sometimes  accumbent  (fia  158) 

Diptychocarpus  has  two  kinds  of  pods,  the  upper  ones 
like  those  of  a  Matthiola,  compressed,  with  wingedVeeds'The 
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lower   ones  rounded,  indehiscent,  and  transversely  multi- 
locular. 

Geococcus  buries  its  pods  in  the  ground. 

The  Order  presents  a  vast  amount  of  variation  m  the  form 
of  the  fruit,  seed,  and  embryo.  For  purposes  of  classifica- 
tion of  the  genera,  it  is  above  all  things  necessary  to  consider 
the  form  and  characters  of  the  fruit ;  though  these  do  not 
invariably  indicate  the  true  lines  of  natural  affinity,  as  for 
instance  in  the  case  of  Raphanus  and  others  amongst  the 
Eaphanea3,  and  Crambe,  Rapistrum,  and  others  amongst  the 
Cakiline^E,  which  are  obviously  closely  allied  to  the  Brassicese. 

The  Order  may  be  conveniently  divided  into  five  groups 
according  to  the  form  and  folding  of  the  embryo,  excluding 
some  aberrant  species  which  may  be  dealt  with  separately. 
It  must  be  admitted,  however,  that  the  form  of  the  embryo 
alone  will  not  in  all  cases  indicate  the  true  lines  of  natural 
affinity,  although  it  offers  a  convenient  means  of  grouping 
the  seeds.  The  latter  are  exceedingly  variable  m  mere  out- 
line bemg  flat,  compressed,  ovoid,  oblong,  Imear,  globular, 
orw'mged;  but  none  of  these  characters  are  so  constant  as  are 
the  various  forms  of  the  embryo.  The  latter  may  be  briefly 
described  as  having  the  cotyledons  accumbent  mcumbent, 
conduplicate,  transversely  biplicate,  and  circmately  convolute, 
whUe  in  the  aberrant  forms  the  cotyledons  are  sometimes 

^'^Tlld^iT^the  Wallflower  (Cheii'anthus  Cheiri)  (^g- If 
represent  embryos  having  accumbent  cotyledons,  we  find  that 
the  seed  is  oblong-oval,  much  compressed  laterally,  with  the 
edges  produced  all  round  into  a  thin  membranous  wmg.  The 
embryo  is  flat  with  ovate,  obtuse,  entn-e  cotyledons,  and  the 
terete  shghtly  curved  radicle  is  laid  against  the  edges  of  the 
Zely  adpressed  seed-leaves.  If  the  double  seed-coat  is  removed 
„e'side  of  the  seed,  the  edges  of  the  petioles  are  seen,  m 
some  cases  at  least,  as  if  the  embryo  had  origmated  with  the 
coMedL  in  the  narrow  plane  of  the  seed  and  the  seed-  eaves 
hacfafter^ards  become  twisted  ro       to  accommoda  e  them- 
selves in  the  broader  plane  during  the  process  of  gi^wth. 

Embryos  with  accumbent  cotyledons  prevail  throughou 
the  A'abicL,  Alyssine.,  Thlaspide.,  and  m  five  genera  at 


CRUCIFERyE 


135 


least  of  the  Isatidcas,  in  Cakile  amongst  the  Cakilinefe,  and  in 
Chorispora  amongst  the  Eaphaneas. 

Other  genera  agreeing  with  Cheiranthus  in  the  flattened  and 
winged  characters  of  the  seeds  are  Matthiola,  Diptychocarpus. 
Cithareloma,  Arabis,  Farsetia,  Vesicaria,  Lunaria,  and  others. 
Seeds  in  several  other  genera  have  a  broad  or  narrow  margin 
as  in  Streptanthus  and  Lonchophora,  but  can  hardly  be  called 
wmged,  while  some  of  the  species  of  Parrya  have  broadly 
winged  and  others  entirely  wingless  seeds. 

Cheiranthus  pygmasus  has  accumbent  or  incumbent,  straight 
or  convolute  cotyledons  even  in  the  same  pod. 

Wingless  seeds  whose  embryos  have  accumbent  cotyledons 
are  represented  by  Nasturtium,  Cardamine,  Aubrietia,  Bar- 
barea,  Alyssum,  Draba,  Cochlearia,  Biscutella,  Thlaspi,  Iberis, 
Cakile,  and  Chorispora.  The  seeds  of  the  genera  just  men- 
tioned further  differ  amongst  themselves  in  being  ovoid  or 
turgid  as  in  Nasturtium  and  Cochlearia,  somewhat  comj)ressed 
in  Barbarea,  and  very  much  so,  or  almost  flat,  in  Draba, 
Alyssum,  BiscuteUa,  and  Iberis. 

Besides  Cheu-anthus  pygm^us  above  mentioned,  there  are 
several  other  cases  where  the  embryo  is  slightly  but  only 
occasionally  modified  so  that  the  normally  accumbent  cotyle- 
dons become  obliquely  so  or  sHghtly  incumbent  in  species  of 
Barbarea,  Draba  brunifefolia,  D.  boreale,  D.  frigida,  Cochlearia 
arctica,  C.  glauciphylla,  Cakile  maritima,  and  possibly  some 
others  where  the  character  may  be  even  more  marked. 
Lepidium  virgmicum  also  belongs  to  the  group  with  accumbent 
cotyledons.  It  differs  markedly  from  the  rest  of  its  congeners, 
all  of  which  have  incumbent  cotyledons.  Decaptera,  consisting 
of  a  single  species  from  Chili,  has  also  accumbent  cotyledons, 
although  it  belongs  to  the  Lepidme®  like  the  last. 

Incumbent  cotyledons  are  characteristic  of  Sisymbrie^, 
Camelineffi,  and  Lepidineae,  three  tribes  of  considerable  size, 
while  many  instances  also  occur  in  the  Isatidete.  The  cotyle- 
dons are  Hkewise  incumbent  in  the  BrassicejB  primarily  as  well 
as  in  genera  of  the  Isatidea^,  Cakilinefe,  and  EaphanejB,  with 
longitudinally  plicate  or  conduphcate  cotyledons  ;  but  it  is 
convenient  to  group  these  types  by  themselves  on  account  of 
the  distmctly  more  complicated  character  of  the  embryo.  The 
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seeds  in  this  group  are  oblong,  oval,  ovoid,  or  variously  angled  ; 
and  there  is  a  general  absence  of  the  flattened  or  winged 
character  typical  of  the  first  group.    In  many  instances  there 
is  a  distinct  ridge  along  one  side  of  the  seed,  generally, 
if  not  always,  on  the  dorsal  aspect,  and  in  this  the  radicle  is 
accommodated,  the  ridge  itself  finding  room  in  a  correspond- 
ing concave  or  grooved  line  along  the  middle  of  the  two  valves 
of  the  siliqua.    Should  the  seeds  be  comparatively  large,  they 
are  arranged  in  one  line  along  the  middle  of  the  two  cavities 
of  the  ovary.    The  various  species  of  Erysimum  and  Sisym- 
brium show  this  well.    The  carpels  of  Lepidium  are  laterally 
flattened  and  keeled  on  the  back ;  each  cavity  contains  one, 
rarely  two  seeds  ;  and  these  are  suspended  from  the  apex  of  the 
placenta,  and  trigonous  with  the  thinnest  edge  lying  in  the 
cavity  of  the  keel  as  in  L.  sativum  and  L.  graminifolmm 
(fig.  171)  ;  in  other  cases  they  are  laterally  flattened  but  not  tri- 
.  gonous.    The  seeds  of  .Ethionema  heterocarpum  are  covered 
with  mucilaginous  tubercles,  and  the  testa  of  Lepidium^  is 
also  mucilaginous  when  moist,  which  may  assist  in  retammg 
it  in  the  soil,  while  the  embryo  escapes  during  germma- 

tion.  , 

Several  curious  modifications  occur  m  this  group,  ine 
oblong  seeds  of  Isatis  tinctoria  (fig.  174)  are  sohtary  in  each 
fruit,  which  is  indehiscent,  and  furnished  with  a  curious  corky 
wing  along  the  back  of  each  carpel.  The  cotyledons  are  concave 
longitudinally  and  slightly  embrace  the  stout  radicle.  Hesperis 
matronalis  (fig.  162)  is  unsymmetrical,  one  of  the  cotyledons 
being  considerably  smaller  than  the  other.  The  seeds  of  Sisym- 
brium officmale  are  variously  shaped  and  angled,  whHe  the 
radicle  in  most  cases  Ues  obliquely  across  the  back  of  the  coty- 
ledons.   The  same  may  be  said  of  Ochthodium  jegyptiacum 
(fig  175),  which  has  a  woody,  curiously  tuberculated,  inde- 
hiscent fruit.    Tetrapoma,  a  Siberian  genus,  contammg  only 
one  species,  has  a  one-  or  four-celled  ovary,  according  as  the 
partitions  are  developed  to  the  centre  or  not,  while  there  are 
four  spHt  or  double  placentas  with  the  seeds  arranged  m  eight 


rows. 


Conduplicate  cotyledons  are  typically  characteristic  of  all 
the  eleven  genera  classed  in  the  tribe  Brassice® ;  but  they  also 
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occur  in  Tetrapterygium,  Calepina,  Boleum,  and  Zilla  amongst 
the  Isatidese,  and  several  other  genera  in  this  tribe  show  an 
approach  to  the  same  arrangement  by  the  cotyledons  being 
longitudinally  concave,  shghtly  folded  or  longitudinally  plicate, 
as  in  Myagrum,  Schimpera,  and  Texiera.    All  the  seven  genera 
of  the  Isatidese  just  mentioned  have  short  one-  to  two-celled 
fruits  with  as  many  seeds,  thick  and  lignified  pericarps,  the 
thicker  parts  of  which  become  corky  while  the  fruit  is  indehiscent. 
As  far  as  the  fruit  is  concerned  they  seem  reduced  forms  of 
Cruciferse  adapted  for  countries  with  a  dry  climate,  or  for  dry, 
rocky,  or  chalky  places.    They  may  also  be  allied  to  the  Bras- 
sicese,  just  as  Crambe,  Muricaria,  Eapistrum,  Enarthrocarpus, 
Hemicrambe,  Erucaria,  Guiraoa,  Fortuynia,  Physorhynchus, 
and  Morisia  amongst  the  Cakilinese,  undoubtedly  are.  Eapha- 
nus  and  Eaffenaldia  amongst  the  Eaphaneae  also  approximate 
to  Brassica  in  the  form  of  the  embryo,  but  differ  in  having 
fruits  which  break  up  into  lomenta  or  indehiscent  pieces  each 
containing  one  seed.     The  cotyledons,  of  Anchonium  and 
Sterigma,  also  belonging  to  the  Eaphanete,  have  incum- 
bent and  flat  or  concave  cotyledons,  showing  a  tendency  to 
become  conduplicate.    The  shape  of  seeds  having  condu- 
pKcate  cotyledons  varies  considerably,  but  taking  Brassica, 
Diplotaxis,  Eruca,  Succovia,  Crambe,  and  Eaphanus  as  types,' 
the  seeds  are  globose  or  ovoid.    This  may  be  seen  by  reference 
to  Brassica  oleracea  or  B.  nigra.    The  relation  of  the  seed  to 
the  pecuhar  form  of  the  cotyledon  has  been  already  described 
[ante,  p.  43). 

Eaphanus  sativus  (fig.  62)  andE.  maritimus  agree  in  most 
essential  particulars  with  Brassica,  except  that  the  seeds  are 
generally  larger,  and  enclosed  singly  in  indehiscent  seg- 
ments of  the  pod.  A  rather  differently  shaped  seed  occurs  in 
Zilla  myagroides.  The  fruit  is  globular,  indehiscent,  thick 
hgnihed,  and  surrounded  with  another  thick,  '  suberous '  or 
corky  layer— the  exocarp.  Two  oval  and  slightly  com- 
pressed or  lenticular  seeds  occupy  a  central  position,  side  by 
side  but  m  separate  ceUs.  The  corky  exocarp  and  woody 
endocarp  would  indicate  adaptation  to  a  dry  climate,  and  we 
nnd  that  the  four  known  species  are  natives  of  North  Africa 
Arabia,  and  Persia.  ' 
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Another  modification  occurs  in  Orycbophragmus,  which 
has  an  oblong,  subtriquetrous  seed.  A  third  and  more  re- 
markable type  is  presented  by  Euzomodendron,  Savignya, 
Moricandia  and  Henophyton,  the  seeds  of  which  are  com- 
pressed, the  testa  forming  a  line  romid  the  margm,  or_  a 
narrow  or  even  broad  wing  similar  to  what  occurs  m  Cheu- 
anthus,  Matthiola,  Lunaria,  or  Vesicaria  with  accumbent 
cotyledons. 

Transversely  biphcate  cotyledons  occur  m  a  lew  genera, 
of  which  the  principal  is  Heliophila,  containing  about  fifty  or 
sixty  species  of  annual  or  perennial  herbs  with  a  few  shrubs. 
The  fruits  vary  considerably  in  bemg  oblong,  oval,  Imear- 
lanceolate  or  linear  and  moniliform,  and  on  this  account  the 
genus  has  been  split  up  into  some  half-a-dozen  by  different 
authors.    The  seeds  also  vary  in  being  oblong,  oval,  or  almost 
perfectly  orbicular,  much  compressed  or  quite  flattened  lateraUy , 
and  wingless  as  in  Heliophila  pilosa,  var.  incisa  (^g-  166),  or 
broadly  winged  in  H.  crithmifoha,  H.  callosa,  and  others. 
There  is  a  more  or  less  deep  notch  at  the  hilum  in  wmged 
seeds     The  cotyledons  are  incumbent,  transversely  biphcate, 
and  placed  in  the  narrow  plane  of  the  seeds  with  their  backs  to 
the  placenta.    They  are  consequently  very  narrow,  their  width 
being  dependent  on  the  width  or  size  of  the  seed  and  the 
mutual  pressure  of  the  folds  on  the  edges  of  one  another. 
Their  thickness  depends  upon  the  thickness  of  the  seed  as  they 
are  adpressed  face  to  face  with  their  edges  to  the  fia  tened 
Bides  of  the  latter.    Heliophila  belongs  to  the  tribe  Sisymbrie^ 
rhamira  belonging  to  the  same  group,  agrees  with  Heliophila 
fn  itTse'eds  and  embryo.     Palmstruckia  -d  Wyeh. 
amongst  the  Isatide^  have  also  transversely  biphcate  coty- 
ledons, and  Carponema,  classed  under  the  Eaphane^.  is  re- 
markable in  having  oblong,  terete  ^f^^^^^.^f^^^^^^^ 
those  of  Heliophila,  to  which  it  is  closely  allied.  .  See  Sond 
'Eevis.  Hehoph.'  3,  t.  xvii.    Senebiera  may  be  included  m 

'""^phaUy  convolute  cotyledons  occur  in  the  four  known 
snecies  of  Bunias.    The  fruit  is  short,  ovoid,  tetragonous 
Sed  one-  to  two-celled  with  a  somewhat  compressed  seed 
n  eir^ell,  the  appearance  being  due  to  the  shrinking  of  the 
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testa  to  accommodate  itself  to  the  sijirally  coiled  embryo. 
The  cotyledons  are  incumbent  with  their  edges  to'  the  sides 
of  the  seed,  oblong,  obtuse,  entire,  forming  l|-2  complete 
coils  with  their  tips  in  the  centre  of  the  helix.  The  stout 
cylindrical  radicle  extends  beyond  the  cotyledons,  occupying 
the  upper  and  pointed  end  of  the  seed,  beneath  and  close  to 
the  persistent  base  of  the  style. 

Only  two  strikingly  aberrant  forms  in  the  Order  have  come 
under  my  observation.    These  are  Schizopetalon  belonging 
to  the  Sisymbriete,  and  Lepidium   sativum   amongst  the 
Lepidmege.    Five  species  of  Schizopetalon  are  recorded,  all 
from  Chili.    The  cotyledons  are  straight  and  entire  in  some 
of  them,  but  S.  Walkeri  (fig.  160)  has  incumbent,  deeply 
bifid,  or  more  often  bipartite,  spirally  convolute,  and  con- 
torted cotyledons ;  the  slender,  linear  segments  being  regu- 
larly coiled,  but  generally  more  or  less  interlacing  with  one 
another.    The  species  might  be  grouped  with  Bunias,  but  for 
the  deeply  divided  and  contorted  cotyledons.    Some  botanical 
authorities  have  described  it  as  having  four  cotyledons,  but 
they  are  mostly  united  in  pairs  at  the  base,  and  sometimes  for 
a  considerable  part  of  their  length.   The  embryo  by  becoming 
spirally  convolute  adapts  itself  to  the  interior  of  the  small 
globular  seed,  which  it  completely  occupies.    The  radicle  is 
comparatively  large  and  longer  than  the  cotyledons.  Lepidium 
sativum  (fig.  171)  is  another  aberrant  form.    It  has  been 
already  described  {ante,  p.  52). 

(7oii/^efZo«s.— Notwithstanding  the  diversity  of  the  seeds 
and  fruits  m  this  Order,  the  cotyledons  may  be  roughly  grouped 
into  a  few  leading  types,  viz.,  broad  and  entire,  broad  and 
emargmate,  linear,  oblong  or  spathulate,  and  divided. 

The  first  type  is  represented  by  Matthiola  incana  (fig.  156) 
and  Cheiranthus  Cheiri  (fig.  159),  but  is  not  confined  to  seeds 
havmg  accumbent  cotyledons.  Instances  of  broad,  rotund 
ovate,  oval  or  elliptic,  and  entire  cotyledons  may  be  found  in 
nearly  all  the  tribes  into  which  the  Order  is  divided.  In  the 
case  of  accumbent  cotyledons  they  are  situated  in  the  broader 
plane  of  the  seed,  so  that  their  shape  and  size  is  easily 
accounted  for,  _  especially  in  flattened  seeds;  but  in  many 
cases  breadth  is  attained  by  a  vigorous  growth  of  the  cotyle- 
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dons  subsequent  to  germination.    The  follo^ving  are  instances 
of  broad  cotyledons  occurring  in  species  scattered  throughout 
the  order,  namely :  Matthiola  incana,  Alyssum  mantimum, 
Hesperis  nivea,  Conringia  perfoHata,  Camelina  sativa,  Biscu- 
tella  didyma,  Lepidium  graminifoUum,  L.  spmosum  Iberis 
corifolia,  and  Chorispora  tenella.    A  slight  modification  is 
met  with  in  ^thionema  gracile  and  Iberis  Lagascana,  which 
have  unsymmetrical  cotyledons,  sUghtly  obhque  at  the  base 
and  very  much  so  in  1.  pectinata.    It  is  probable  that  other 
instances  of  the  kind  occur  in  Iberis  f  ^  mdeed  m  o  her 
genera.    The  inequality  at  the  base  is  due  to  the  fact  that 
part  of  the  space  in  the  seed  is  occupied  by  the  radicle 
and  petioles,  which  lie  along  one  edge  of  the  accumbent  coty- 

^^"^  Emarginate  cotvledons  are  almost  as  widely  distributed 
throughout  the  Order  as  those  that  are  entire.    The  notch  or 
sinus  is  due  to  two  totally  different  causes.    The  first  type  is 
not  owing  to  any  peculiar  conformation  or  structure  of  the 
seed,  the  cotyledons  being,  as  far  as  could  be  seen  before 
germination,  entire.    The  notch  in  the  seed-leaves  is  theie- 
Le  due  to  the  subsequent  greater  growth  of  the  sides  as  com- 
pared with  the  organic  apex.    Emarginate  cotyledons  o^  m 
in  Nasturtium  sylvestre,  Arabis  Turczanmown,  Caidam  ne 
hirsuta,  C.  grJa,  Lunaria  biennis,  Cochlearia  g  asti^^^^^^^ 
Sisymbrium  officinale,  Bivon^a  Saviana  and  other  -  The 
entire  and  emarginate  state  is  shown  m  the  figure  of  Sisym 

'%^"tfpt  r emarginate  cotyledons  occurs  among 
the  BrVsB^L  an'd  others,  in  which  the  cotyledc.ns  ^^^^^^^ 
duplicate,  as  has  been  already  mentioned  m  t^e  Intioduction 
(Jl  ante   p    31).    Brassica  oleracea  (fig-  169)  may  oe 
Xn  ar'a'type?  The  cotyledons  a.e  -a.^^^^^^^^^^^ 
broad  and  ^toately  deep  C ate°'veins 

equal  in  size,  trmerved  at  the  base  wim  a 

;™.d.  and  ^^^^^^^l^^Z''^  neVS'is  to 
lobes  are  rounded  and  ascenaino-    -■■  ^     fMh^a  over 

V  +       +lnp  seed   one  cotyledon  tolcimg  o^m 

the  arrangement  m  the  seed   o         y  necessarily 
and  completely  embracmg  the  othei,  wmcn 
smaller,  being  in  the  centre  of  the  sphere.    The  petiole 
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of  the  larger,  occupying  the  outside  of  the  curve,  must 
also  be  the  longer.  The  base  of  the  sinus  is  really  the 
organic  apex  of  the  cotyledons,  and  the  ascending  lobes 
are  due  to  lateral  development.  When  the  cotyledons  are 
folded  longitudinally  the  two  ascending  edges  of  the  lateral 
lobes  are  pressed  against  and  conform  to  the  interior  of 
the  globular  seed,  while  the  organic  apex  is  also  pressed 
agamst  the  testa  and  its  further  development  consequently 
stopped.  Growth  then  proceeds  in  a  lateral  direction  as 
long  as  there  is  any  unoccupied  space,  thus  determin- 
ing the  peculiar  form  of  the  cotyledons  as  seen  in  germi- 
nation. 

All  the  species  of  Brassica  observed  conform  closely  to 
the  above  type,  as  do  also  Moricandia  hesperidifolia,  Car- 
richtera  Vellse,  Succovia  balearica,  Eaphanus  sativus,  E. 
maritimus  &c.  Zilla  myagroides  (fig.  177)  seems  to  differ 
slightly,  but  the  seeds  from  which  the  seedlings  were  raised 
were  museum  specimens,  probably  old,  and  the  cotyledons, 
which  were  slightly  eroded  in  the  sinus,  might  have  been 
deformed.  More  decided  departures  from  the  type  are 
exhibited  in  several  other  genera.  Diplotaxis  erucoides  has 
broadly  oblong,  obtuse,  emarginate  cotyledons ;  in  Moricandia 
arvensis  they  are  >obovate  or  cuneate,  and  slightly  emar- 
ginate ;  while  in  Orychophragmus  sonchifolius  they  are 
broadly  oblong-ovate  and  emarginate,  the  smaller  one  being 
more  evidently  cuneate  at  the  base  than  the  other.  All  have 
the  cotyledons  unequal  in  size  like  those  of  Brassica,  and, 
what  is  more  unusual,  they  are  indistinctly  veined  in  Diplo- 
taxis erucoides,  Moricandia  arvensis,  and  Orychophragmus 
sonchifolius. 

Lu  the  case  of  Hesperis  matronalis  the  cotyledons  are  not 
only  unequal  in  length,  but  vary  also  in  size  and  shape.  By 
reference  to  the  illustration  (fig.  162)  it  will  be  seen  that  the 
unsymmetrical  condition  already  prevails  in  the  seed  before 
germination.  The  seed  is  oblong  and  terete  with  the  in- 
cumbent cotyledons  slightly  concave  longitudinally,  and  the 
thin  radicle  lies  in  the  groove.  One  cotyledon  is  nearly  as 
thick  as  the  other  plus  the  radicle.  After  germination  the 
cotyledons  of  most  seedlings  belonging  to  this  species  are 
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obovate,  emargimte,  the  two  measunng  25  and  27-5  mm.  m 
length  respectively,  while  cases  occur  m  which  they  are  rotund, 
emar^inate,  broader  and  shorter,  measuring  17-5  and  15  mm. 
respectively,  the  latter  being  about  1  mm.  wider  than  those 
of  the  first  mentioned. 

In  several  of  the  Sisymbrieffi  and  Lep.dmes  the  coty  edons 
are  minnte-,  this  seems  to  be  due  partly  to  the  s»aUjJze 
nf  the  seeds  partly  to  a  limited  range  of  growth.    The  latter 

in^  a  relatively  small  amount  of  reserve-material  or  more 
m-obabW  from  the  plumule  developing  early  and  diverting 
Se  enLies  of  the  plant  away  from  the  cotyledons  The 
after  are  shortly,  oblong,  obtuse,  with  a  long  petiole  m 
stymbrium  runeinatum  (fig.  164),  and  S.  Sophia,  and  hnear- 
snaClate  with  rather  long  petioles  in  CapseUa  Bm-sa- 
naftoris  (fig.  170)  and  Senebiera  didyma.  The  eotyledons  o 
S  the  four  species,  but  especially  of  Senebiera,  recall  those  of 
Pnm.ver  in  their  small  size  and  narrowness. 

^Unear   cotyledons  occur   in  Heliophila  amplexicauhs 
(fig  16?)  H.  cr'thmlfolia,  and  probably  in  all  the  rest  o  the 
fenus    This  type  however  is  quite  unusual  m  the  Gructo 
The  former  o   the  two  species  has  linear,  obtuse,  entn:e 
"ed  cotyledons,  tapering  — «h. 
a  short  petiole  and  measuring  from  20-25  mm.  m  iengtn. 
Those  ot  H.  crithmifolia  are  linear,  acute,  entire,  subtere  e 
Stoctly  channelled  all  along  the  upper  smface,  sessJ 
V.WVV  narrowed  to  the  base,  thinly  pilose,  or  pubescent, 
foSsU  tog.  ^  disarticulated  from  the  stem 

''TtTprobable  that  the  seedlings  of  Palmstruckia,  Cyclo- 
*   ^frlrnonema  and  Chamira  have  also  linear  cotyledons, 
ptychi  ,Carponema,a  i„e„mbent  cotyledons 

K  of  — 'ea  trifida  are  incumbent,  long  narrow^ 
toeir,  acute,  sessile,  and  glabrous,  in  the  early  stages  they 

'■^N^^tttle  Tases'the  narrowness  of  the  cotyledons  is  du. 
In  all  these  ca^es  t  ^^^^^^.^  ^^^^^ 

t:ir  tote  totl  S  l'>anes  of  the  seed,  and  th, 

peculiar  folding  of  the  embryo. 
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The  spathulate  type  of  cotyledons  seems  to  be  largely  due 
to  growth  subsequent  to  germination,  as  we  meet  with  it  in  a 
few  more  or  less  widely  distinct  genera  having  differently 
shaped  seeds  and  fruits,  and  widely  diverse  embryos.  Bunias 
orientalis  (fig.  176)  may  be  given  as  an  instance  of  this  type. 
The  cotyledons  are  spirally  coiled  in  the  seed,  with  their 
apices  in  the  centre  of  the  coil,  where  they  are  distinctly 
narrowed,  but  after  attaining  their  full  size  they  are  spathulate, 
obtuse,  entire  or  slightly  emarginate,  unequal  in  length, 
tapering  to  a  short,  petiole-like,  shortly  connate  base,  and 
showing  a  few  alternate,  ascending  veins  on  each  side  of  a 
strong  midrib.     The  average  length  of  three  of  the  longer 
cotyledons  measured  was  42  mm.,  and  of  three  of  the  shorter 
ones  33  mm.    The  seed-leaves  of  Cakile  maritima  are  linear- 
spathulate,  obtuse,  entire,  unequal,  sessile,  tapering  to  the 
base,  one-nerved,  subfleshy.    The  inclination  to  assume  this 
•shape  no  doubt  originates  in  the  seed,  which  is  oblong,  slightly 
notched  at  the  base,  and  3-3-5  mm.  in  length.    The  upper 
division  of  the  two-seeded  fruit  is  the  longer  and  contains 
the  larger  seed,  which  is  laterally  compressed.  The  cotyle- 
dons are  accumbent,  sometimes  oblique,  and  lying  on  the 
edge  of  one  cotyledon  only,  which  would  tend  to  make 
one  of  them  narrower  than  the  other,  but  the  inequality  in 
length  is  more  difficult  to  account  for.    The  cotyledons  of 
C.  americana  both  before  and  after  germination  are  propor- 
tionally broader  than  those  of  C.  maritima.    The  seeds  of 
the  former  are  however  longer,  measuring  5-6  mm.,  and  the 
cotyledons  after  germination  are  spathulate,  obtuse,  sessile, 
but  tapering  to  the  base,  and  much  more  unequal  than  those 
of  C.  maritima. 

The  divided  cotyledons  of  Schizopetalon  Walkeri  and 
Lepidium  sativum  have  been  already  described.  One 
advantage  of  this  form  is  perhaps  that  it  enables  each  of  the 
four  segments  to  emerge  from  the  testa  independently  of  the 
others.  The  cotyledons  of  Schizopetalon  Walkeri  (fig.  160) 
are  generally  divided  almost  to  the  base,  although  there  are 
cases  where  they  are  merely  forked  like  those  of  Eschscholtzia 
californiea  in  the  closely  allied  Order  Papaveracero.  The  coty- 
ledons become  curved  and  then  coiled  at  a  very  early  age  of 
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the  embryo,  which  develops  very  rapidly,  and  they  are  ulti- 
mately not  merely  coiled,  but  frequently  interlaced   The  whole 
embryo  is  extremely  delicate  or  fragile  in  its  earliest  stages,  and 
the  extreme  slenderness  of  the  cotyledons  compared  with  the 
,tout  radicle  facilitates  their  being  coiled  m  order  to  aceom- 
modate  themselves  closely  to  the  interior  of  the  small  round  seed 
Ttbout  waste  of  space.  After  germination  and  when  fully  grown 
he  cotyledons  of  Lepidium  sativum  are  so  deeply  tripartite, 
each  segment  being  narrowed  to  the  base,  that  they  appear 
Tif  digitately  compound.    The  probable  origin  of  then- 
nresent  form  has  already  been  suggested,  ante  p.  6i. 
^    The  dispersal  of  the  seeds  is  in  many  cases  aided  by  the 
nresence  of  wings;  in  some  by  the  agency  of  animals  ;  m 
Xs  they  are  thrown  to  a  greater  or  less  distance  by  the 

In  thfl'atter  cases  the  walls,  when  the  pod  is  ripe,  are  in  a 
state  of  tension.  The  seeds  are  loosely  attached  to  the  cential 
rieee  by  short  stalks.  When  the  proper  moment  has  arrived, 
Te  outer  walls  are  kept  in  place  by  a  deUeate  membra^  , 
onlvlu  t  strong  enough  to  resist  the  tension.  The  least  touch, 
for  instance  a  puff  of  wind  blowing  the  plant  agamst  a  neigh- 
bourdeTaches  the  outer  waU,  which  suddenly  rol  s  itself  up, 
PX^^  such  force  as  to  fly  from  the  plant,  thus  jerkmg 
the  seeds  to  a  distance  of  several  feet. 

Matthiola  inoana,  B.  Br.  (flg-  156). 

Primary  root  long,  tapering  downwards,  with  a  few  short  lateral 
rootlets.  taiDering  insensibly  into  the 

midrib,  but  no  other  m  jj^ie  grooved  above,  convex  on  the 

0-  llmm  long,  7-9  mm  wide  p  ^  ^,,,^ti„„3  the 
b«k,  glabrous  with  a  line  of  smal      y  ^^^^ 

1-  5  mm.  long  ;  2nd  undeveloped  ;  8rd  1  5-2  5  mm.  long. 
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Leaves  simple,  entire,  cauline,  alternate  (first  two  opposite),  ex- 
stipulate,  petiolate,  with  a  ha'rdly  discernible  venation,  except  in 
very  young  leaves,  where  the  nerves  are  alternate,  ascending  and 
incurved,  uniting  with  one  another  within  the  margin;  densely 

covered  on  both  surfaces  with  a  much- 
branched  stellate  pubescence  or  tomen- 
tum  and  becoming  hoary,  especially  in 
dry  places  ;  petioles  tapering  upwards, 
from  a  stout,  broadish,  semiamplexicaul 
base,  semiterete,  slightly  convex  or 
flattened  on  the  upper  side,  hoary  with 
a  stellate  tomentum  like  the  leaves. 


Fig,  Ih&.—Matthiola  incana. 
Nat.  size. 


Pig.  nn.—Matthiola  bicornis. 
Nat.  size. 


Nos.  1  and  2.  Oblanceolate,  tapering  to  the  petiole,  obtuse  at  the 
apex  and  rounded, 

Nos.  3  and  4.  Similar  or  somewhat  narrower. 

Matthiola  bicornis,  DC.  (fig.  157). 
Primary  root  as  in  M.  incana. 

Eypocotyl  very  short,  tapering  into  the  primary  root,  colourless 
Slightly  glandular-pubescent,  1-5-3  mm.  long. 

Cotyledons  narrowly  oblong-spathulate,  tapering  into  the  petiole 
or  slightly  glandular-pubescent  at  the  margins,  otherwise  as  in  m' 
incana  ;  lamina  5-6  mm.  long,  2-2-25  mm.  wide  ;  petiole  flattened 

slirt'lv?'''  r  sliglatly  glandular-pubescent, 

shghtly  connate  at  the  base,  3-5-5  mm.  long. 


L 
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Stem  herbaceous,  annual,  terete,  erect,  more  or  less  glandular- 
hairy  and  densely  stellato-tomentose ;  1st  internode  3-4-o  mm. 
long;  2nd  undeveloped;  3rd  1-5-2  mm.  long. 

Leaves  narrower  than  in  M.  mcana. 

Nos  1  and  2.  Opposite,  oblong,  obtuse,  entire. 

No.  3.  Linear-oblong,  obtuse,  entire  or  with  one  or  two  very 

short  obtuse  teeth.  n    i.  j  u„--i  ^-^  c^v. 

Nos.  4-6.  Linear,  obtuse,  with  one  or  two  blunt  deltoid  or  sub- 
triangular  teeth  on  each  side. 

Nasturtium  sylvestre,  B.  Br. 

Primary  rooitapering  downwards,  provided  with  lateral  rootlets 
Hypocotyl  short,  erect,  hardly  appearing  above  the  surface  of 
the  soil,  obconical. 


Fig.  158. — Cheiranthus  Cheiri. 

1  Transverse  section  through  middle  of  seed,  x  11.  fimUza 
2,  VerScal  section  of  seed,  x  11 :  M,  micropyle  ;  F,  funiculus  ,  Ch,  chalaza. 

Cotyledons  subrotundor  oblong,  obtuse,  emarginate,_  subfleshy, 
glabrous,  green,  indistinctly  one-veined,  petiolate ;  petiole  rather 
lon^  channelled  on  the  upper  side. 

""stem  with  primary  internodes  undeveloped. 
First  leaves  simple,  coarsely  crenate,  radical,  alternate,  oblong, 
obtuse,  petiolate,  exstipulate,  hairy,  especially  on  the  upper  side, 
green!  dltinctly  pinnatinerved  ;  petioles  rather  long,  deeply  chan- 
nelled on  the  upper  surface. 

Cheiranthus  Cheiri,  L.  (fig.  158). 

Fruit  a  sihqua.  linear,  compressed  dorsally,  two-edged  or  sub- 
tetrtonal,  two'celled,  dehiscing  by  two  valves  from  base  to  apex 
place^^^^^  many-seeded,  parietal ;  septum  thin,  membranous,  formed 

producedtil  found  into  a  thin  membranous  wmg;  seed-coat 
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double,  outer  (testa)  membranous,  pale  yellow,  glabrous  ;  inner 
(tegmen)  paler  and  thinner ;  bilum  basal,  at  one  end  of  the 
seed ;  raphe  none  ;  micropyle  basal,  close  to  the  hilum  and  superior 
to  it. 

Endosperm  absent. 

Evihryo  large,  curved,  occupying  the  whole  interior  of  the  seed, 
pale  yellow  ;  cotyledons  oblong-oval,  obtuse,  entire,  flat,  closely  ad- 
pressed  face  to  face,  petiolate  ;  radicle  slender,  cylindrical,  suddenly 
tapered  to  a  subacute  point,  curved,  nearly  or  quite  as  long  as  the 
aceumbent  cotyledons  ;  petioles  short,  sUghtly  twisted  to  allow  the 
edges  of  the  cotyledons  to  be  applied  to  the  radicle.  If  it  were  not 
for  the  petioles  the  cotyledons  would  evidently  be  incumbent,  as 
happens  in  some  species  of  Cheiranthus,  with  their  backs  instead 
of  their  edges  to  the  placenta  ;  under  existing  conditions  the  backs 
of  the  petioles  are  to  the  placenta. 

Seedling  (fig.  159). 

Eypocokjl  herbaceous,  erect,  terete,  glabrous,  or  hairy  towards 
the  top  ;  hairs  adpressed,  forked  at  right  angles  and  thus  appearing 
as  if  fixed  by  the  middle ;  12-27  mm. 
long. 

Cotyledons  broadly  ovate,  retuse, 
entire  or  very  minutely  or  shghtly  emar- 
ginate,  suddenly  tapering  into  the  petiole, 
glabrous  or  slightly  hairy  here  and  there 
on  the  upper  surface  ;  petiole  with  forked 
hairs  as  described  above  ;  lamina  10-13 
mm.  long,  6-2-10  mm.  wide  ;  petiole  8-5- 
11 '5  mm.  long. 

Stem  herbaceous,  erect,  terete,  covered 
with  hairs  as  described  above,  ultimately 
shrubby  below;  mternodes  short  but 
variable ;  1st  3-7  mm.  long ;  2nd  often 
very  short  or  scarcely  developed,  bringing 
the  first  two  leaves  nearly  opposite  ;  3rd 
more  elongated. 

Leaves  simple,  cauhne,  alternate,  exstipulate,  petiolate,  covered 
on  both  sides,  especially  in  a  young  state,  with  forked,  peltate  hairs 
rarely  branchmg  stellately,  and  closely  adpressed,  with  the  branches 
lymg  m  the  same  plane  ;  petioles  convex  on  the  back,  grooved  on 
the  upper  face  and  pubescent  like  the  leaves. 

Nos  1-6.  Lanceolate-elliptic,  acute,  petiolate,  obscurely  reticu- 
late, often  mmutely  and  sparingly  denticulate. 


Fig.  159— Cheiranthvs  Cheiri 
(wild  specimen).  Two-thirds 
nat.  size. 
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Ultimate  leaves  narrowly  lanceolate,  cuspidately  acute,  narrowed 
to  a  rather  broad  petiole,  subcarinate  on  the  back,  with  a  pro- 
minent midrib  and  alternate  lateral  nerves  ascendmg  along  the 
leaf  for  some  considerable  distance  and  uniting,  each  with  the  one 
next  above  it ;  white  or  hoary,  especially  beneath,  with  a  closely 
adpressed  pubescence  of  the  characteristic  forked  hairs. 

Arabis  Turczaninowii,  Ledeb, 

Primary  root  tapering  downwards  with  fibrous  lateral  rootlets. 
Hypocotyl  erect,  terete,  glabrous,  almost  colourless,  5-10  mm. 

^''''^otyledons  oval-oblong,  emarginate,  petiolate,  fleshy,  green, 
glabrous  ;  no  venation  apparent. 

Stem  :  primary  internodes  undeveloped. 

Leaves  simple,  entire,  cauline,  alternate,  lanceolate,  acute,  exsti- 
pulate,  petiolate,  finely  pubescent,  ciUate,  pinnatmerved. 

Cardamine  Impatiens,  L. 

Fruit  a  siliqua,  linear,  compressed  dorsally,  many-seeded,  with 
the  seeds  in  one  row,  dehiscing  elastically  with  some  force  fi-om  the 
lase  upwards  by  two  valves  and  scattermg  the  seeds  ;  septum  thm, 

"'trobLg,  obtuse  at  each  end,  much  compressed  dorsaUy. 
pale  vellow,  sSooth ;  testa  thin,  subtransparent ;  hilum  basal, 
brown  ;  micropyle  close  to  the  hilum. 

^FmZ'Z:T:l^^  or  doubled  upon  itself,  occupying  the 
whoTe  s  ed,  colourless  or  pale  yellow  ;  cotyledons  oblong,  obtus  , 
Intt  plaio-convex,  accumbent,  very  shortly  petiola  e ;  radic  e 
^  L  terete  suddenly  tapered  to  an  obtuse  pomt  which  is 
:Shtly  curvtd  rrund  the  apical  ends  of  the  cotyledons,  equal  to 
or  sliglitly  longer  than  these. 

Cardamine  grseoa,  L. 

Primanj  root  tapering  downwards,  colourless,  with  nnmerous 
''""siterete.  rather  snconlent,  flexnose,  glabrous,  purplish, 

Stem  herbaceous. 
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Leaves  radical,  simple,  pinnatisect,  alternate,  exstipulate,  petio- 
late,  minutely  ciliate  at  the  margins  of  the  lobes  when  young,  gla- 
brescent,  dull  green  above,  paler  beneath  ;  petioles  subterete,  chan- 
nelled above,  dilated  at  the  base,  dull  purphsh-green,  dotted  with 
pale  markings,  glabrous. 

No.  1.  Ternately  pinnatisect ;  lobes  rotund-subcuneate,  shortly 
trifid  or  crenate ;  lobes  most  frequently  emarginate  and  mucronate, 

No.  2.  Pinnatisect ;  lobes  6,  similar  to  No.  1. 

Nos.  3  and  4.  Pinnatisect ;  lobes  7,  in  three  opposite  pairs  and 
an  odd  terminal  one. 

Cardamine  Mrsuta,  L. 

HijpoGotyl  short,  terete,  glabrous,  passing  indistinguishably  into 
the  root. 

Cotyledons  differing  from  those  of  C.  grsca  in  being  rotund,  about 
3-5  mm.  in  diameter ;  petiole  4  mm.  long. 

>S^em  herbaceous,  annual,  developed  when  about  to  flower,  angled, 
glabrous  or  slightly  hairy  ;  basal  internodes  undeveloped. 

Leaves  simple,  radical  and  cauline,  alternate,  exstipulate,  petiolate, 
more  or  less  hairy  on  both  sides,  bright  green  above,  paler  beneath  ; 
petioles  subterete,  channelled  on  the  upper  side. 

Nos.  1  and  2.  Eeniform,  subemarginate,  obscurely  crenate. 

No.  3.  Eeniform  with  one  small  lateral  lobe,  obscurely  crenate. 

No.  4.  Deeply  trilobed ;  lateral  lobes  obovate  ;  terminal  lobe 
much  larger,  rounded. 

No.  5.  Similar,  larger. 

No.  6.  Lyrate-pinnatisect  with  a  terminal,  large,  rotund  lobe 
and  two  pairs  of  much  smaller  lateral  ones. 

No.  7.  Lyrate-pinnatisect ;  terminal  lobe  rotund,  minutely 
emarginate,  trinerved ;  lateral  lobes  rotund-obovate,  minutely 
emarginate. 

No.  8.  Pinnatisect ;  three  terminal  segments  obovate,  minutely 
emargmate,  otherwise  like  No.  7. 

Cauline  leaves  on  robust  plants  lyrate,  pinnatisect ;  segments 
broad,  remform,  or  subrotund,  angled  with  excurrent  teeth 

On  small  starved  specimens,  the  lower  or  aU  the  cauhne  leaves 
are  lyrate,  pmnatisect,  with  obovate  or  spathulate  segments  •  the 
upper  ones  have  hnear-oblong  segments.  ' 

Lunaria  biennis,  Mmich. 
^^Hypocotyl  erect,  terete,  glabrous,  5-6  cm.  long,  stained  with 

Cotyledons  large,  broadly  oblong,  obtuse,  slightly  emargmate, 
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petiolate,  glabrous,  green,  rather  distinctly  pmnatinerved  ;  petioles 
from  2-5  cm.  long,  reddish,  channelled  on  the  upper  side. 

Stem  erect,  quadrangular,  rather  flattened,  pubescent,  herb- 
aceous ;  1st  internode  3-4  mm.  long. 

Eicotia  Lunaria,  DC. 

Hypocotyl  terete,  striate,  rather  slender,  5-7  cm.  long. 

Coiyledons  suborbicular,  broad,  emargmate  or  bifid  lather 
coarsely  reticulate,  unequal,  especially  as  ^^^-f^'^^'t^^^^^^^ 
netioles  •  lamina  of  two  good-sized  specimens  2-5  and  2  7  cm.  long, 
I^and  2-7  cm.  wide  respectively ;  petioles  shallowly  grooved  above. 

S^Jfi'nTy  pubescent  with  the  first  internode  shortly  elongated 

°'  ila.es  simple,  mostly  cauline,  alternate,  exstipulate,  petiolate, 

^"tiTatdt  Pinnatisect,  with  five  more  or  less  toothed  seg- 

No's.  3-6.  Pinnatisect  or  (mostly)  bi-pinnatisect. 

Alyssum  maritimum,  Lam. 

Hypocotyl  erect,  terete,  glabrous,  8-9  mm.  long,  purphsh 
cZledL  oval,  obtuse,  entire,  petiolate  glabrous  gi^^^^^^^ 
fleshy,  indistinctly  one-veined;   petioles  rather  short,  shaUowly 

channelled  on  the  upper  face.  n     t,  ^lirrliflv 

Sim  erect,  terete,  herbaceous ;  prhnary  mternodes  but  shghtly 

'''t°rst  taves  simple,  entire,  cauline,  alternate  (first  pair  opposite) 
line^llong  or  lanceolate,  obtuse,  eKstipulate,  petiolate.  covered 
with  minute  silky  hairs,  green,  pinnatmerved. 

CocMearia  glastifolia,  L. 

Primary  root  formmg  a  long  tap-root,  with  numerous  lateral 

'''n^Lcotyl  very  short,  terete,  glabrous,  purple,  2-3  mm.  long 
S  £    uLrbicular,  emarginate,  glandular  in  the  notcli. 

.igh^n 'li^^e  at  the  ape.  g^^^^^^^^^  -r^^Tr9^t^:^at: 
the  base,  4-5-6-5  mm.  long,  purple. 

irrt"— ^^^^^^ 


CEUOIFER^ 


151 


with  the  petiole,  midrib,  and  ascending,  incurved,  and  reticulate 
venation,  purple  beneath ;  petiole  semiterete,  channelled  above, 
winged  in  the  younger  leaves  of  the  seedling  from  the  blade  being 
decurrent  upon  them. 

Nos.  1  and  2.  Suborbicular  or  obovate,  slightly  emarginate, 
with  a  gland  in  the  notch. 

Nos.  3  and  4.  Obovate,  emarginate,  glandular  in  the  notch. 

Nos.  5  and  6.  Larger  and  obovate,  or  tending  to  be  spathulate, 
and  decurrent  upon  the  petiole. 


Fig.  l&O.—Schizopetalon  Walheri,  x  2^. 
(Early  stages  in  growth  of  seedling.) 

Cochlearia  arctica,  Schlecht. 

Hypocotyl  erect,  terete,  glabrous,  1-2  cm.  long,  light  green  or 
colourless. 

Cotyledons  obovate  or  subrotund,  fleshy,  unequal,  emarginate, 
with  very  long  petioles,  glabrous,  bright  green,  very  indistinctly 
tnnerved. 

Stem  as  in  the  preceding  species. 

First  leaves  with  long  petioles,  subrotund,  emarginate,  obtuse, 
nerved  distinctly  pinnati- 
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ScMzopetalon  Walkeri,  Sims. 

Fndt  a  silicula,  narrowly  linear,  subcompressed,  two-celled, 
many-seeded,  dehiscent. 

Seeds  parietal,  in  one  row,  globose,  very  small,  pale  yellow,  oiten 
with  a  bluish  tinge  ;  micropyle  and  hilum  punctiform,  ventral,  con- 
tiguous ;  raphe  ventral. 

Endosperm  absent. 

Evihryo  comparatively  large,  spirally  convolute,  and  contormmg 
to  the  interior  of  the  seed  ;  cotyledons  bipartite  with  narrowly  Imear 
or  acicular  segments,  sometimes  exhibiting  regular  spiral  coils, 
but  often  irregular  and  more  or  less  irregularly  twisted  amongst 


Fig.  IGl.—Schizopetalon  Walkeri.    Nat.  size. 

each  other,  one  or  two  lobes  inside  the  others  ;  radicle  comparatively 
large,  and  rather  longer  than  the  mcumbent  cotyledons,  which  have 
their  backs  to  the  placenta. 
Seedling  (figs.  160,  161). 

Primary  root  slender,  tapering,  with  very  few  lateral  rootlets  m 

the  young  state.  , ,   .  ,    , i  l 

Evpocotyl  tapering  indistinguishably  mto  the  root. 
cdyledois  spht  almost  to  the  very  base  but  sometimes  a^^^^^^^^^^ 

rarely,  united  (as  in  accompanying  sketch)  for  4-75  mm.  at  the  base . 

segments  fiUform,  blunt,  glabrous,  deep  green,  rather  fleshy,  2  cm. 

Stem  annual,  developed  when  about  to  flower.  ,.  , 

LressW;pinnat\fid,radicalandcauline,altemate,exstipi^^^^^^^ 

petfolTe  st2tdy  pubescent,  ratjier  fleshy,  ^^^^J^, 
semiterete,  flattened  above  or  shallowly  grooved,  stellately  pubescent 
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Nos.  1  and  2.  Oblong  in  outline,  pinnatifid ;  segments  five  or  six, 
short,  oblong,  obtuse,  or  the  terminal  one  spathulate. 

No.  3.  Oblong  in  outline,  pinnatifid  with  about  seve  n  segments. 

Hesperis  matronalis,  Lam.  (fig.  162). 

Siliqua  linear,  tetragonous,  subtorulose,  glabrous,  dehiscing 
throughout  its  length  by  two  valves,  many-seeded  with  the  seeds  in 
one  row,  and  partly  separated  by  a  contraction  of  the  fruit ;  valves 
trinerved,  with  the  middle  nerve  strongest. 

Seed  oblong,  subterete  in  transverse  section,  tapering  slightly 
to  the  apex,  where  thetestais  drawn  out  into  a  short  margin,  glabrous, 
brown ;  hilum  and  micropyle  basal,  contiguous  at  the  upper  end  of 
the  seed  ;  chalaza  thickened,  deep  brown,  immediately  beneath  the 
hilum ;  raphe  none. 

Endosperm  absent. 


■-V 


Pig.  162. — Hesperis  matronalis,  x  10. 

1,  Transverse  section  of  seed  :  iJ,  radicle. 

2,  Longitudinal  section  of  seed :  m,  micropyle ;  H  &  Gh,  hilum  and  chalaza  • 
V,  vacant  space  in  testa.  ' 

Embryo  doubled  upon  itself,  comparatively  large,  and  occupying 
the  whole  interior  of  the  seed,  pale  yellow  ;  cotyledons  incumbent, 
linear-oblong,  obtuse,  entire,  somewhat  grooved  or  concave  longitud- 
inally, shortly  petiolate,  about  equal  in  length  to  the  interior  of 
the  seed,  the  two  frequently  of  unequal  thickness  ;  petioles  apparently 
facihtating  the  necessary  curvature  of  the  embryo  ;  radicle  dorsal, 
obtusely  trigonous,  about  equal  in  length  to  the  seed,  partly  accom- 
modated by  the  concavity  of  the  cotyledons,  and  partly  by  extension 
of  the  testa  along  the  dorsal  aspect. 

Seedling. 

Hypocotyl  erect,  terete,  glabrous,  tinged  with  purple,  3-5  mm. 
above  the  soil. 

Cotyledons  very  variable  in  shape  and  size,  often  unequal  rotund 
emarginate,  suddenly  tapering  to  the  base,  or  obovate,  emarginate' 
and  gradually  tapering  to  the  base,  glabrous,  Hght  green,  alternatelv 
and  ascendmgly  penninerved  and  reticulate,  thick  and  opaque 
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showing  the  venation  only  by  transmitted  light,  petiolate ;  lamina 
10-15  mm.  long,  10-12  mm.  wide  (the  rotund  forms  being  the 
wider) ;  petiole  flattened  above,  convex  beneath,  dilated  and  connate 
at  the  base. 

Inequality  of  cotyledons.— In  plant  No.  1,  2-5  and  2-75  cm. ;  in 
plant  No.  2,  1-75  and  1-5  cm.  long. 

Stem  herbaceous,  developed  when  about  to  flower;  primary 
internodes  undeveloped. 

Leaves  simple,  radical  and  cauline,  alternate,  exstipulate,  petio- 
late, alternately,  ascendingly  incurvinerved,  the  reticulate  venation 
seen  best  by  transmitted  hght,  rather  coarsely  hairy  all  over,  deep  or 
light  green  ;  petioles  channelled  above,  convex  beneath,  hairy,  stout^ 
tapering  upwards  from  a  broad,  slightly  clasping  base  ;  hairs  hyaline, 
simple  or  forked,  or  with  a  small  lateral  branch. 

Nos.  1-3.  Varymg  from  oblong  to  oval,  or  broadly  ovate, 
rounded  and  obtuse  at  the  apex,  suddenly  tapered  at  the  base,  shghtly 
dentate,  with  the  teeth  tipped  with  a  yellowish  glandular  mucro ; 
the  nerves  incurved  andunithag  with  one  another  withhi  the  margm, 
forming  a  series  of  large  reticulations. 

Hesperis  nivea,  Baumg. 

Primary  root  tapering  downwards,  with  many  lateral  rootlets. 

Hypocotyl  terete  or  tapering  downwards,  5-6  mm.  long,  greenish 
above,  colourless  below  the  soU.  . 

Cotyledons  oval-oblong,  obtuse,  entke,  mdistinctly  one-vemed ; 
petioles  broad,  channelled  on  the  upper  surface. 

Stem  as  in  H.  matronahs. 

First  leaves  entire  or  slightly  serrate;  first  two  broadly  sub^ 
rotund,  obtuse,  the  rest  broadly  oblong,  all  covered  with  rather  stiff 
hairs,  indistinctly  pinnatinerved  ;  petioles  broad,  much  longer  than 
the  leaves,  hairy,  rather  deeply  channelled  on  the  upper  surface. 

Hesperis  bituminosa,  Savi. 
Hvvocotyl  2-8  mm.  above  the  soil. 

Cotyledons  roundly  obovate,  more  or  less  unequal,  measuring 
11  and  18-5  mm.  respectively,  and  in  another  case  12  and  13  mm., 
glabrous  except  the  slightly  channelled  petioles,  blunt  or  very 

^'t^^rit^ :  obtuse,  slightly  dentate,  but  sometimes  more 
elongated  and  spathulate,  hairy. 
Sisymbrium  officinale,  L. 

Siliqua  linear  or  subterete,  somewhat  compressed.  ^Ij^^'t' ^j;^^;;^^^ 
closely  adpressed  to  the  stem  ;  the  numerous  seeds  mostly  m  one  row. 
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Seed  oblong,  short,  blunt  at  each  end,  where  it  is  very  fre- 
quently obliquely  compressed  or  truncate,  smooth  and  minutely 
reticulated  with  small  su- 
perficial areas  that  swell 
up  in  water,  yellow  ;  hilum 
basal,  overlying  the  cha- 
laza  and  contiguous  to 
the  micropyle  ;  raphe 
none. 

Endosperm  absent. 
Embryo  doubled  upon 
itself,  comparatively  large, 
and  occupying  the  whole 
interior  of  the  seed,  pale 
yellow ;  cotyledons  oval- 
oblong,  obtuse,  entire, 
shortly  petiolate,  showing 
a  midrib  and  a  few  short, 

alternate,  ascending  lateral 

nerves,  obhquely  incum- 
bent, nearly  as  long  as  the 

interior  of  the  seed  ;  radicle 

terete  or  more  or  less  ob- 
tusely angled,  traversing 

one  edge  of  the  dorsal 

aspect  of  the  seed,  and 

then  suddenly  bent  towards 

the  micropyle  at  one  corner 

of  the  oblique,  rhombus - 

shaped     dorsal  aspect, 

longer  than  the  seed  by  its 

traversing  one  end  as  well 

as  the  dorsal  face  of  the 

embryo. 

Seedling  (fig.  163). 

Primary  root  long, 
tapering,  fibrous,  annual. 

Hypocotyl  erect,  terete, 
pale  green,  or  sometimes 
stained  with  red,  becoming 

thicker  upwards, with afew  scattered  adpressed hairs;  8-18mm  long 
Cotyledons  oval,  obtuse  and  rounded  at  the  apex  after  germina- 


Fig.  l&Z— Sisymbrium  officinale,  y  2. 
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tion,  but  becoming  emarginate  and  more  elongated  at  tlie  base  by 
subsequent  growth,  petiolate,  glabrous,  with  the  exception  of  a  few 
scattered  hairs  on  the  petiole,  Ught  green  above,  paler  beneath, 
trinerved  at  the  base,  with  two  other  lateral  nerves  arising  from 
the  midrib  below  the  middle  of  the  lamina,  describing  a  curve  round 
an  oval  space  and  again  uniting  with  the  midrib  close  to  the  apical 
notch  ;  lamina  6-8  mm.  long,  4-5-5  mm.  wide ;  petiole  sHghtly 
channelled  above,  convex  on  the  back,  7-5-9  mm.  long. 

A  few  terminal  pores  or  loater-stomata  are  found  at  the  apex  of 
the  midrib. 

Stevi  annual,  and  developed  when  about  to  flower;  primary 
internodes  undeveloped. 

Leaves  simple,  radical  (ultimately  cauline),  exstipulate,  petio- 
late, coarsely  hairy,  alternately  and  ascendingly  penninerved,  ulti- 
mately runcinately  pinnatifid  and  pinnatisect ;  petioles  semiterete, 
channeUed  above,  dilated  and  claspmg  at  the  base,  more  or  less 

hairy.  t  1,4.1 

No.  1.  Rotund,  obtuse,  obscurely  dentate  or  crenate,  slightly 

cuneate  at  the  base. 

No.  2.  Similar  but  more  deeply  dentate-crenate  and  often  iobu- 

late  at  the  base.  ,  1       i  4.  i 

No.  3.  Runcinately  pinnatisect  with  three  to  five  lobes  ;  lateral 
lobes  small,  oblong,  obtuse,  entire  or  dentate  ;  terminal  lobe  much 
the  largest,  rotund,  coarsely  and  deeply  dentate  with  glandular 
mucronate  teeth. 

Sisymbrium  runcinatum.  Lag.  (fig.  164). 

Boot  and  hypocotyl  as  in  preceding  species. 
Cotyledons  small,  glabrous ;  lamina  oblong,  obtuse,  4  mm.  long, 
2  mm.  broad  ;  petiole  3-5  mm.  long. 
Stem  as  in  Hesperis  matronalis. 

Leaves  hairy,  especially  when  young  and  on  the  petioles,  ulti- 
mately glabrescent ;  petioles  flattened  above,  convex  beneath,  shghtly 

dilated  at  the  base. 

No.  1.  SmaU,  broadly  ovate,  obtuse,  almost  or  quite  entire. 

No.  2.  Oblong,  sublobulate  ;  lobes  rounded. 

Nos.  3  and  4.  Similar  but  larger.  ,    ,    ,  , 

No.  5.  Oblong,  pinnatifid  ;  terminal  lobe  triangular-hastate,  with 
a  very  obtuse  apex  and  side  lobes. 

No.  6.  Pinnatifid  with  obtuse  lobes;  termmal  one  triangular 

°^%'os  7-10.  Runcinate,  pinnatifid;  lateral  lobes  broadly  ovate, 
or  triangular  obtuse,  or  rounded  at  the  end,  alternate,  spreadmg  at 
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right  angles  to  the  rachis  or  slightly  decurved,  frequently  tipped 
with  a  bristle  when  young  ;  terminal  lobe  much  the  largest,  tri- 
angular, obtuse. 

Sisymbrium  Sophia,  L.  (fig.  165). 

Boot  and  hypocotyl  as  in  preceding  species. 

Cotyledons  oblong,  obtuse  ;  petiole  flattened  above,  and  more  or 
less  covered  with  stellate,  stalked  haks,  convex  beneath. 

Leaves  more  or  less  lobed  or  pinnatisect,  covered  on  all  parts 
with  stalked  and  stellately  branching  hairs  ;  petiole  flattened  above, 
convex  beneath. 


Fig.  164. — Sisymbrium  runcinatum. 
Nat.  size. 


Fig.  165. — Sisyvthrium  Sophia^, 
Nat.  size. 


No.  1.  Lamina  ovate,  obtuse,  trilobed,cuneate  at  the  base;  middle 
lobe  longest. 

No.  2.  Similar  ;  middle  lobe  of  the  lamina  a  httle  longer. 
No.  3.  Lamina  oblong,  pinnatipartite  ;  lobes  slightly  toothed, 
alternate.  ' 

No.  4.  Lamina  oblong,  pinnatisect ;  lobes  toothed, 
alternate^  ^''^  ^'  "^^'^'''^  P'""^^*^"^^*^  5  lobes  pinnatifid, 

Conringia  perfoliata,  Link. 

Hypocotyl  tapering  downwards,  glabrous,  green  or  colourless 
d-4  mm.  long.  "^-^i^na. 

Cotyledons  rotund-ovate,  obtuse,  entire,  rather  fleshy,  petiolate, 
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glabrous,  green,  indistinctly  one-veined ;  petioles  broad,  flat,  not 
quite  as  long  as  the  lamina. 

Stem  with  primary  internodes  undeveloped. 

First  leaves  simple,  enture,  radical,  alternate,  broadly  obovate- 
oblon"  obtuse,  glaucous-green,  glabrous,  pinnatinerved,  exstipulate, 
petiolate ;  petiole  short,  broad,  shghtly  channelled  on  the  upper 
surface. 

Heliophila  pilosa,  Lam.,  var.  y,  incisa  DC.  (fig.  166). 

Siliqtia  Unear,  many-seeded. 

Seed  variable  in  outline,  oblong,  or  more  or  less  perfectly  orbi- 
cular much  compressed  laterally,  with  a  smaU  notch  at  the  base, 
and  k  narrow  marginal  wing  or  altogether  wingless,  pale  or  deep 

brown,  glabrous  ;  both  testa  and 
tegmen  membranous  ;  hUum, 
micropyle,  and  chalaza  conti- 
guous, basal ;  raphe  none. 

Embryo  filling  the  entire 
seed,  pale  yellow  or  colourless, 
much  curved  and  folded ;  coty- 
ledons   incumbent,  bipHcate, 
each  traversing  the  length  of 
the  seed  about  three  times,  that 
is,  first  lying  towards  the  base 
of  the  seed,  then  folded  back 
towards  its  apex,  and  finally 
folded  again  towards  the  base, 
and  each  occupying  half  the 
thickness  of  the  seed  collat- 
erally, linear,  obtuse,  entire, 
square  or  variously  angled;  the  several  folds  and  the  radicle  occupy 

?'t%TH:iSSnVd:  tU..  in  .he  -  Botanical  Eogiste.' 
erlws  a  dehiscing  siUqua  which  is  dorsally  compressed. 

Heliophila  crithmifolia,  WiiW. 

„    ,     1,-   i.v  flitlmed  or  much  compressed  laterallj,  testa 

hro^r^^en  -  '?  ^^^^ 

hilum  forming  a  rather  deep  notch. 


Fig,  im.—EeliopMla.  pilosa  incisa,  x  12. 

1  Longitudinal  section  of  seed  :  B", 
hiluAi ;  M,  micropyle ;  B,  radicle ;  OT,  testa ; 

■^^a^Sryerse  section  of  another  seed : 
CCC,  parts  of  one  cotyledon ;  O  O  o  , 
parts  of  the  other  cotyledon;  B,  radicle, 
0  0,  testa;  10,  tegmen. 
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Cotyledons  and  radicle  arranged  as  in  H.  pilosa. 

Primary  root  annual,  tapering,  but  little  branched. 

Hypocotyl  erect,  terete,  pubescent,  2-2-5  cm.  long. 

Cotyledons  linear,  acute,  subterete,  distinctly  channelled  along 
the  whole  upper  surface,  very  thinly  pilose  or  pubescent,  sessile, 
slightly  narrowed  to  the  base,  2-3-8  cm.  long,  deciduous,  becoming 
disarticulated  from  the  stem. 

Stem  annual,  erect,  terete,  pubescent; 
1st  internode  9-10  mm.  long. 

Leaves  simple,  cauline,  alternate  (1st 
pan-  almost  opposite),  exstipulate,  petiolate, 
thinly  pubescent,  finely  divided  or  cut,  with 
linear  subterete  acute  segments,  all  chan- 
nelled on  the  upper  surface  ;  petiole  semi- 
terete,  channelled  above,  articulated  with 
the  stem. 

Nos.  1  and  2.  Almost  opposite,  pinnati- 
sect,  with  one  or  two  alternate  segments  on 
each  side. 

Succeeding  leaves  with  more  numerous, 
opposite  or  alternate  segments. 

Plant  running  to  seed  very  rapidly,  even 
in  the  seedling  pots  before  being  planted  out. 

Heliophila  amplexicaulis,  L.  (fig,  167). 

Primary  root  long,  tapering  downwards, 
with  short  lateral  rootlets. 

Hypocotyl  glabrous,  purple,  dotted  with 
green,  8-10  mm.  long. 

Cotyledons]ine&v  obtuse,  entire,  tapering 
insensibly  into  the  petiole,  glabrous,  erect 
or  ascending,  green  or  more  or  less  tinged 
with  purple  ;  a  midrib  is  present,  but  no 
other  venation  is  discernible;  2-2-5  cm. 
long,  1-1-5  mm.  wide. 

Stem  erect,  terete,  glabrous,  green  or 
becommg  purple  and  dotted  with  green   annnpl  •  l=f  ;v,f 
5-10  mm.  long,  2nd  6-13  mm.  '  ^^^^^o-Je 

Leaves  opposite  (at  least  on  the  lower  nart  nf  flno  f 

clmg  slender  nerves,  proceeding  from  the  midrib  al  a  acut 
angle  mourved,  and  uniting  with  one  another  at  their  apieeriuk  ! 
number  run  close  to  the  apex  of  the  leaf,  a.d  curvmg  h   a  dl'^t 


Fig.  Ut.— Heliophila 
amplexicaulis.  Nat.  size. 
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with  the  midrib ;  glabrous,  glaucous-green  on  both  surfaces,  amplexi- 

caul  at  the  base.  .  ■  .  -, 

1st  and  2nd  pairs  linear  oblong,  cuspidate,  somewhat  constncted 
above  a  broad,  amplexicaul  base,  and  again  dilated  above  the 

middle,  entire.  . 

3rd  pair  oblong,  cuspidate,  amplexicaul,  less  conspicuously 

constricted  above  the  base  or  not  at  all,  entire. 
Camelina  sativa,  Crantz. 

Hypocotyl  short,  erect,  terete,  glabrous,  3-5  mm.  long,  hght 

green  or  colourless.  n  y 

Cotyledons  oval-oblong,  obtuse,  entire,  glabrous,  rather  fleshy, 

shortly  petiolate,  hght  green,  with  no  apparent  venation. 
Stem  with  primary  internodes  undeveloped. 
First  leaves  simple,  radical,  alternate,  obovate-oblong,  obtuse, 

crenate,  exstipulate,  petiolate,  hairy,  green,  pinnatinerved  ;  the  first 

leaf  is  often  entire  ;  petioles  rather  long,  hairy,  channeUed  on  the 

upper  side. 

Diplotaxis  erucoides,  DC. 

Hypocotyl  short,  terete,  hardly  appearing  above  the  surface  of 

Cotyledons  oblong,  obtuse,  emargmate,  petiolate,  rather  fleshy, 
glabrous,  green,  indistinctly  one-veined. 

Stem  with  primary  internodes  undeveloped. 

First  leaves  simple,  radical,  alternate,  obovate-oblong,  obtuse, 
exstipulate,  petiolate,  hairy,  green,  pinnatmerved  ;  the  first  leaf  is 
entire,  the  second  leaf  crenate  or  almost  lobed. 

Brassica  nigra,  Boiss. 

Siliqua  sessHe,  terete,  or  subtetragonal,  beaked,  many-seeded  ; 
beak  often  one-seeded  and  indehiscent. 

Seed  globose  or  oblong-globose,  often  appearmg  angled  from 
the  unequal  shrinking  of  embryo  and  testa  in  malformed  or  imma- 
ture seeds,  small ;  testa  deep  brown  or  almost  black  when  the  seed 
is  perfectly  matured;  hilum  small,  occupying  one  end  of  the  seed 
when  the  latter  is  oblong-globose;  chalaza  contiguous  _ to  the 
hilum,  and  forming  a  dark-coloured  spot ;  raphe  none ;  micropyle 

close  to  the  hilum.  ,  ^  j  n.q 

Evihryo  large  and  fiUmg  the  whole  interior  of  the  seed,  doubkd 
nt^nn  itqelf  twice,  pale  yellow  or  in  immature  seeds  deep  green  ;  tne 
Tumbent  cry?;dons  conduplicate.  that  is  folded  upon  themselves 
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longitudinally,  and  grasping  but  not  surrounding  the  radicle  with 
their  edges  ;  radicle  oblong,  suddenly  tapering  to  an  obtuse  point, 
shorter  than  the  cotyledons. 

Seedling  (fig.  168). 

Bypocotyl  erect,  terete,  glabrous,  pale  green,  1-5-3-8  cm.  long. 
CoUjledons  broadly  cuneate,  bifid,  broader  than  long,  unequal 

in  size,  with  two  strong,  alternate  nerves,  and  one  or  two  short 

ones,  entering  each 

lobe,  glabrous,  light 

green,  paler  beneath, 

petiolate  ;  average  of 

three  larger  laminae 

12-8  mm.  long,  14-9 

mm.  wide  ;  of  three 

smaller  lamina  11 '75 
mm.  long,  13'8  mm. 
wide ;  petiole  shal- 
lowly  channelled 
above,  convex  on  the 
back,  slightly  con- 
nate at  the  base, 
glabrous,  pale  green, 
unequal  in  length, 
the  longer  one  bear- 
ing the  larger  lamina; 
average  length  of 
three  of  the  longer 
ones  13"75  mm.,  of 
three  of  the  shorter 
ones  12'58  mm. 

The  reason  for  this  peculiar  form  has  been  suggested  above, 
pages  31  and  43. 

Stem  erect,  terete,  coarsely  hairy  with  bulbous-rooted  hairs  ; 
striated  longitudinally  or  shallowly  ridged  and  furrowed,  herbaceous! 
annual,  pale  green  ;  1st  internode  3-5-12-5  mm.  long ;  2nd  to  4th 
or  more  undeveloped. 

Leaves  simple,  radical  and  cauline,  alternate,  exstipulate,  petio- 
late, alternately  penninerved,  with  zigzag  nerves  more  or  less  in- 
curved, and  entering  straight  into  the  marginal  teeth  or  lobes  or 
givmg  off  branches  into  them,  hairy  on  both  surfaces,  reticulate, 
hght  green  above  with  sunk  nerves,  paler  beneath  with  prominent 
nerves,  more  or  less  decurrent  on  the  petiole  ;  petiole  semiterete, 
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channelled  above,  with  rather  acute  edges,  coarsely  hairy,  somewhat 

dilated  at  the  base. 

Nos.  1  and  2.  Opposite,  or  slightly  alternate  by  the  development 
of  the  second  internode,  oblong-obovate,  with  a  broad,  obtuse  point, 
more  or  less  lobulate  and  dentate,  lobes  deltoid,  obtuse,  decurrent 

on  the  petiole. 

No.  3.  Oblong,  more  or  less  distinctly  lyrate-pmnatihd. 

B 


Fig.  169. — Brassioa  ol&racea. 
A  X  4,  B  X  3. 

Brassica  campestris,  L.,  var.  Eapa.   White  Globe  Turnip. 
Cotyledons  transversely  oblong,  otherwise  as  m  B.  nigra.  Indi- 
viduals vary  greatly  in  size,  and  length  of  petioles. 

Brassica  oleracea,  L.  (fig.  169). 

Cotyledons  broader  than  long,  bifid  with  a  broad  sinus,  lobes 

ascending,  rounded.  ,     .  i  in-ns-mr,-. 

Average  size  of  three  larger  lammse  6-5  mm.  long,  10  Ob  mm. 

^^"^Average  size  of  three  smaUer  laminje  G  mm.  long,  8-8  mm. 

^^Average  length  of  three  longer  petioles  8-58  mm. 

shorter      ,,      G-58  mm. 
Measured  seven  days  after  germination. 
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In  the  accompanying  sketch,  A  and  B  represent  stages  of  the 
germinating  seedhng. 

Brassica  elata,  Ball. 

Eypocotyl  undeveloped  or  indistinguishable  from  the  primary 
root,  subterranean. 

Cotyledons  small,  transversely  oblong,  broadly  and  shallowly 
emarginate,  slightly  unequal,  glabrous,  rather  fleshy  or  succulent, 
_  with  a  faint  midrib,  but  no  other  venation  apparent  in  the  fresh  state  ; 
lamina  in  an  average  of  three  larger  ones  3'6  mm.  long,  5-75  mm', 
wide ;  of  three  smaller  ones  3-6  mm.  long,  5  mm.  wide ;  petioles 
flattened  above,  shghtly  connate  at  the  base,  unequal ;  average  of 
three  longer  ones  4-3  mm.  long ;  of  three  shorter  ones  3-5  mm 
long. 

Leaves  densely  pubescent  or  hairy  on  both  surfaces,  petiolate. 
Nos.  1  and  2.  Eotund-obovate,  obtusely  dentate. 
No.  3.  Obovate,  slightly  lobate  at  the  base,  and  obtusely  dentate. 
Nos.  4  and  5.  Lyrate  pinnatifid,  with  the  terminal  segment  much 
the  largest,  rotund  or  oblong,  dentate. 

Brassica  rugosa,  Boxb. 

Primary  root  stout,  with  lateral  rootlets,  annual. 
_  Eypocotyl  very  short  and  tapering  indistmguishably  into  the 
primary  root,  pale  green  or  colourless,  with  its  original  epidermis 
soon  splitting.  o        r  <3 

Cotyledons  cuneate,  bifid,  with  rounded  obtuse  lobes,  petiolate 
with  one  or  at  most  two  alternate,  ascending  nerves  runnmg  into 
each  lobe,  glabrous,  succulent,  deep  green  above,  paler  beneath  • 
lamma  m  an  average  of  three  larger  ones  9-75  mm.  long,  11  mm' 
wide  ;  of  three  smaller  ones  8-58  mm.  long,  10-08  mm.  wide  • 
petioles  flattened  above  or  shallowly  grooved,  convex  on  the  back 
glabrous,  unequal ;  average  of  three  longer  ones  10-08  mm.  long' 
of  three  shorter  ones  9-6. 

Stem  erect   terete,  slightly  angular,  annual,  glabrous  light 
green  ;  two  primary  internodes  generally  undevelopel  ^ 

Leaves  glabrous  or  shghtly  hairy  and  glabrescent  when  old 
al  rnately  and  ascendingly  penninerved,  reticulate  ;  petbFes  semt 
terete,  grooved  above,  stout.  fcwuiub  semi- 

Nos.  1  and  2.  Spathulate,  obtuse,  serrato-dentate. 
No.  3  Oblong,  obtuse,  coarsely  serrato-dentate. 
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Brassica  balearica,  Bich. 
Primary  root  biennial. 

Hypocotyl  erect,  terete,  glabrous,  soon  becoming  glaucous- 
purple,  12-18  mm.  long. 

Cotyledons  cuneate-obcordate,  with  rounded  obtuse  lobes  on  each 
side  of  the  sinus,  and  about  three  alternate  ascending  nerves  on 
each  side,  passing  into  the  lobes,  or  the  upper  pair  short  and 
apparently  formed  by  the  forking  of  the  midrib  ;  deep  glaucous-green 
above  paler  and  glaucous  beneath,  petiolate,  glabrous,  unequal ; 
lamin'a  of  the  longer  cotyledon  8-10  mm. t  long,  11-13  mm.  wide  ; 
of  the  smaller  one  7-8-10  mm.  long,  9-11  mm.  wide;  longer 
petiole  on  the  larger  cotyledon  about  10-13  mm.  long;  shorter 

petiole  8-10  mm.  -,  .  •  ,  i 

Stem  erect,  terete,  glaucous-purple,  glabrous ;  1st  mtemode 

1-2-25  mm.  long,  2nd  4-7  mm. 

Leaves  glabrous,  glaucous,  with  the  midrib  and  principal  nerves 
purple,  alternately  penninerved,  reticulate. 

No.  1.  Obovate,  shghtly  crenate. 

No.  2.  Oval,  coarsely  crenate. 

Nos  3  and  4.  Suborbicular  or  oblong-orbicular,  coarsely  and 
irregularly  crenate,  slightly  decurrent  on  the  petiole  in  small  lobules. 

No.  5.  Oblong,  obtuse,  lobulate  and  crenate,  decurrent  on  the 
petiole  forming  small  lobules. 

Brassica  Aristidis,  Coss. 

.  EmoGotyl  erect  or  procumbent,  terete,  green  or  purple,  glabrous 
or  neariy  so,  shghtly  striate,  soon  losing  its  epidermis  by  sphttmg, 

^'^L^ete'very  similar  to  those  of  B.  baleanca,  fleshy,  Mght 
.reen  above,  paler  or  glaucous  beneath  ;  average  of  the  three  laigei 
fam^ri3-S  mm.  long,  15-4  mm.  wide ;  of  three  longer  petioles 
1  '^•83  mm.  long,  of  the  shorter  14-6  mm. 

Stem  developed  when  about  to  flower  ;  primary  mternodes  mi- 

^'^'Uaves  radical  and  cauline,  alternately  penninerved,  pubescent 
on  both  surfaces  with  adpressed  hairs. 

No  1.  Small,  obovate,  shaUowly  crenate. 

No  2.  Deltoid,  obtuse,  coarsely  crenate. 

Nos.  3  and  4.    Deltoid,  obtuse,  coarsely  crenate,  somewhat  de- 
rnrrent  and  shghtly  lobulate  on  the  petiole. 

No  Tand  G.  Lyrate,  pinnatifid,  lobulate  and  coarsely  crenat 
ternhnal  lobe  much  the  largest,  deltoid,  lobulate.  and  coarsely 
crenate. 
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Orychophragmus  sonchifolius,  Buncje. 

Hypocotyl  erect,  striated,  covered  with  very  minute  almost 
globular  hairs,  10-12  mm.  long,  colourless  with  a  shght  purplish 
tinge  towards  the  upper  part. 

Cotyledons  broadly  ovate-oblong,  obtuse,  minutely  emarginate, 
petiolate,  glabrous,  green  above,  stained  with  dark  purple  beneath, 
indistinctly  one-veined;  petioles  rather  long,  covered  with  very 
minute  hairs,  channelled  on  the  upper  side. 

Stem  with  primary  internodes  undeveloped. 

First  leaves  simple,  radical,  alternate,  exstipulate,  petiolate,  sub- 
rotund  or  oblong,  serrate,  acute,  hairy,  hght  green,  pinnatinerved. 

Moricandia  hesperidiflora,  DC. 

Pr'mary  root  tapering  downwards  with  numerous  lateral 
rootlets. 

Hypocotyl  erect,  terete,  glabrous,  4-4-5  cm.  long,  light  green  or 
colourless. 

Cotyledons  transversely  oblong,  emarginate,  petiolate,  glabrous, 
unequally  divided  by  the  midrib  ;  midrib  with  a  few  ascending 
vemlets  ;  petioles  1-5-2  cm.  long. 

Stem  with  the  primary  internodes  undeveloped. 

First  leaves  simple,  cauline,  alternate,  lanceolate,  bluntly 
serrate,  petiolate,  glabrous,  light  green;  midrib  with  numerous 
ascendmg  veinlets. 

Moricandia  arvensis,  DC. 

Primary  root  as  in  the  preceding  species. 

Hypocotyl  as  m  the  preceding  species  but  8-10  mm.  long. 

Cotyledons  unequal,  obovate,  slightly  emarginate,  fleshy,  with  a 
long  flat  petiole,  glabrous,  green,  indistmctly  one-veined. 

Stevi  erect,  herbaceous,  terete,  glabrous,  pale  green ;  first  inter- 
node  1-2  mm.  long. 

Carrichtera  Vellae,  DC. 

Hypocotyl  erect,  terete,  hairy  or  villous,  2-3-5  cm.  long 
Cotyledons  hiM,  broader  than  long,  nearly  or  quite  glabrous 
petiolate ;  lamma  4-5  mm.  long,  5-6  mm.  ide,  subtruncate  o 
d  stmc  ly  cuneate  at  the  base;  petiole  thmly  pilose,  semiterete 
hannelled  above,  7-8  mm.  long.     The  internodes  between  h 
■cotyledons  are  sometimes  elongated,  making  the  latter  alternate 
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Stevi  herbaceous,  erect,  annual,  hairy  with  deflexed  hairs ;  inter- 
nodes  elongated. 

Leaves  simple,  cauline,  alternate,  exstipulate,  petiolate,  almost 
glabrous  above,  thinly  hairy  beneath  ;  petiole  semiterete,  channelled 
above. 

No.  1.  Pinnatifid  or  pinnatisect  with  linear  segments. 
Np.  2.  Similar. 

Nos.  3  and  4.  Pmnatisect,  with  slender  segments. 

Nos.  5  and  following.  Bipinnatisect  with  slender  segments. 

Succovia  balearica,  Medik. 

Hypocotyl  erect,  terete,  but  with  a  distmct  rather  deep  furrow 
along  its  whole  length,  from  the  edges  of  the  cotyledons  to  the  base, 
glabrous. 

Cotyledons  petiolate,  with  a  bipartite  lamina,  unequal ;  lamma 
transverse  with  two  orbicular  or  obovate,  often  unequal  lobes, 
consisting  of  lateral  developments,  growth  in  length  being  very 
limited  and  represented  by  the  undivided  portion,  the  midrib  termi- 
nating at  the  base  of  the  sinus.    The  rounded  form  of  the  lobes  is 
due  to  their  shape  in  the  globular  seed  as  each  lobe  occupies  about 
half  the  area  of  the  cavity.    Each  is  traversed  by  two  lateral  nerves 
from  the  midrib,  which  curve  and  unite  with  one  another  within 
the  margin.    The  base  of  the  lobes  is  somewhat  auricled,  passmg 
into  the  narrow  cuneate  leaf-base.    Petioles  of  unequal  length, 
rather  deeply  channelled  above. 

Stem  erect,  herbaceous,  shghtly  pubescent,  with  shaUow  ndges 

from  the  bases  of  the  leaves. 

Leaves,  the  first  two  opposite  or  alternate,  five-lobed,  with  the 
terminal  lobe  trifid,  and  the  lateral  ones  oblong  or  ovate  and  slightly 
toothed,  a  small  basal  lobe  being  sometunes  present,  glabrous.  The 
other  leaves  are  alternate. 

Capsella  Bursa-pastoris,  Moench  (fig.  170). 

Primary  root  long,  tapering,  colourless,  with  lateral  rootlets, 

annual. 

Eyvocotyl  subterranean. 

Cotyledons  small,  spathulate,  obtuse,  petiolate,  glabrous. 

Stem  undeveloped  till  the  time  of  flowering. 

Leaves  radical  (ultimately  cauline),  alternate,  exstipulate.  petio- 
late, coarsely  hairy  on  both  surfaces  ;  petioles  convex  beneath, 
much  flattened  above,  broad. 

Nos.  1  and  2.  Entire  with  a  rotund  hmb.    After  these  an 
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uncertain  number  are  spatliulate  and  entire  or  oblong  and  variously 
dentate. 

Ultimate  leaves  lyrate,  pinnatifid  or  pinnatipartite ;  terminal  lobe 
ovate,  obtuse,  irregularly  dentate  ;  middle  lobes  ovate,  obtuse,  very 
unequal  on  the  anterior  side,  with  an  extra  longitudinal  vein  and 
irregularly  toothed  or  lobed  ;  basal  lobes  small. 

Cauline  leaves  ovate,  lanceolate  and  linear,  deeply  auricled  at 
the  base,  amplexicaul,  sessile,  serrate. 

Lepidium  sativum,  L.  (figs.  171-2). 

Fridt  a  siUcula ;  septum  narrow,  laterally  compressed,  each 
carpel  boat-shaped  and  falling  away  from  the  placenta,  containiag 
one,  rarely  two  seeds. 


Fig.  170. — Capsella  Bursa-pastoris.    Nat.  size. 

Seed  oblong,  trigonous,  pale  brownish-yellow,  with  the  narrow  or 
dorsal  aspect  (containing  the  radicle)  lying  in  the  keel  of  the  carpel, 
to  which  it  conforms  roughly  in  shape,  with  the  broader  ventral 
aspect  to  the  septum,  curved  upon  itself  so  that  the  basal  part 
of  the  radicle  lies  in  a  separate  cavity  from  that  of  the  cotyledons  ; 
hilum  at  the  upper  end  of  the  seed  ;  micropyle  superior  on  the  dorsal 
aspect. 

Embryo  large,  curved  upon  itself,  conforming  in  shape  to  the 
seed,  yellowish;  cotyledons  tripartite  {v.  ante,  p.  62),  shortly  petio- 
late ;  middle  segment  oblong,  obtuse,  longer  than  the  other  two  which 
are  similar  but  shorter  and  packed  on  the  back  of  the  middle  one  all 
placed  with  their  backs  to  the  placenta;  radicle  nearly  as  lonc^  as'the 
incumbent  cotyledons,  cyhndrical,  pointed,  ^ 
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Lepidium  graminifolium,  L. 

Seed  (fig.  171)  v,  ante,  p.  52. 

Seedling  (fig.  173).  1,1 
Primary  root  slender,  tapermg  downwards,  with  fibrous  lateral 

rootlets.  .      .  ,  ,  n  .  ^ 

Hypocotyl  very  short,  tapering  indistmguishably  mto  the  primary 

root.  .  .    ^  ^ 

Cotyledons  unequal,  oblong,  obtuse,  entire  or  minutely  emar- 
ginate  petiolate,  with  short  ascending  or  irregular  lateral  nerves 
anastomosing  with  one  another  and  discernible  only  by  trans- 
mitted light,  glabrous,  hght  green ;  lamina  of  the  smaUer  one 
5-5-7-5  mm.  long,  3-5-4-5  mm.  wide  ;  of  the  larger  one  7-10-5  mm. 


A,  L.  graminifolium. 

B,  L.  sativum. 

lon^  4-5  mm.  wide ;  petiole  flattened  above,  convex  beneath, 
connate  at  the  base,  glabrous;  shorter  one  4-5  mm.,  longer  5  5- 

'  ""Sm  hSbaceous,  forming  a  persistent  rootstock  and  sending  up 
flnwprme  stems  ;  primary  internodes  undeveloped. 

Tr^efs  mp^^^  ^-stipulate  petio- 

paler  beneath;  petioles  semiterete,  chaWled  above,  dilated 
clasping  with  a  usually  ciliate  margin  at  the  base. 
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Nos.  1  and  2.  Elliptic  or  oval,  obtuse,  somewhat  tapered  towards 
the  base,  obtusely  and  distantly  serrate-crenate. 

Nos.  3  and  4.  Elliptic,  obtuse,  tapered  to  the  base,  more  deeply 
serrate-crenate. 

Lepidium  spinosum,  L. 

Hypocotyl  erect,  terete,  glabrous,  1-2  cm.  long,  light  green  or 
colourless. 


Cotyledons  oval-ob- 
long, fleshy,  entire, 
petiolate,  glabrous,  dull 
green,  indistinctly  one- 
veined. 

Stem  short ;  primary 
internodes  undeveloped. 

First  leaves  simple, 
cauline,  obovate  or  ob- 
long, subacute,  coarsely 
serrate  or  even  crenate, 
petiolate,  glabrous,  hght 
green,  indistinctly  pin- 
natinerved. 

Senebiera  didyma,  P. 

Primary  root  long, 
tapering  and  normal, 
annual. 

Hypocotyl  subter- 
ranean, tapering  down- 
wards into  the  root. 

Cotyledons  opposite, 
linear  -  spathulate,  ob- 
tuse, tapering  to  the 
petiole,  6-8  mm.  long 


including     the    petiole,  FiQ^n.-Lepidium  graminifolmvi, 

glabrous. 

Stem  developing  later,  decumbent,  leafy. 

Leaves  simple,  radical  and  caulme,  alternate,  exstipulate,  petio. 
late,  glabrous,  glandular ;  glands  sessile,  with  a  disagreeable  smell. 

No.  1,  and  frequently  Nos.  2  and  3.   Entire  with  an  oblong-' 
obtuse  or  spathulate  lamina.    Further  stages  of  leaves  are  oblong 
pmnatifid,  with  eUiptic,  bristle -tipped  segments;   terminal  lobe 
largest,  entire  or  trifid. 
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Ultimate  leaves  linear,  pinnatisect ;  terminal  lobe  deeply  trifid 
-with  generally  entire  segments ;  lateral  lobes  half-ovate,  obtuse,  again 
pinnatifid,  but  lobes  usually  all  on  tb.e  anterior  side,  or  with  one 
tooth  only  on  the  posterior  side  ;  segments  all  tipped  with  a  bristle. 

jEthionema  gracile,  DC. 

Hypocotyl  2-6  mm.  long. 

Cotyledons  suborbicular,  more  or  less  unequal  at  the  base,  entire 
or  sometimes  emarginate,  fleshy,  with  a  few  short,  simple  or  shghtly 
branched  hairs  on  the  upper  surface,  shortly  petiolate;  lamina 
4-5-5  mm.  long,  the  difference  between  the  unequal  sides  varymg 
from  •25--75  mm. ;  petiole  flattened  above,  2-5-3  mm.  long. 

Stem  with  more  or  less  developed  internodes,  terete,  covered 

with  stellate  hairs. 

Leaves  simple,  entire,  showing  a  midrib  only,  covered  more  or 
less  densely  on  both  surfaces  with  white,  stellate  haks. 

1st  to  5th  pairs  in  the  seedling  state  small,  cauline,  opposite 
and  decussate,  elliptic,  subacute  or  obtuse. 

Bivonaea  Saviana,  Camel. 

Hypocotyl  terete,  4-5  mm.  long,  soon  losing  its  epidermis  by 
splitting. 

Cotyledons  shortly  oblong,  obtuse,  minutely  emargmate,  taper- 
ing shghtly  at  the  base,  petiolate,  glabrous  ;  the  succulent  lamma 
6-5-7-5  mm.  long,  4-5  mm.  wide ;  petiole  long,  slender,  spreadmg 
horizontally  and  upcurved,  semiterete,  channelled  on  the  upper  side, 
dilated  at  the  base  and  slightly  connate,  1- 6-2-2  cm.  long. 

Stem  with  the  internodes  undeveloped. 

Leaves  simple,  radical,  alternate,  petiolate,  glabrous,  succulent, 
venation  indistinct,  veins  radiating  from  the  base  and  becommg 
incurved  upwards,  deep  green  above,  paler  beneath,  with  a  more 
conspicuous  venation  ;  petiole  very  long,  tapering  upwards  from  a 
dilated  base,  channeUed  on  the  upper  side.  _ 

Nos.  1-6.  Eeniform-cordate,  obtuse,  entire. 

Nos.  7-10.  Similar  but  having  one  or  two  angles  or  teeth  near 
the  base  on  each  side. 

Menonvillea  trifida,  Ste^l,d. 

Hypocotyl  erect,  terete,  glabrous,  2-3  cm.  long,  hght  green  or 

''''^Totyledons  long,  linear,  acute,  curled  at  first,  sessile,  glabrous, 

pale  green. 

Stem  with  primary  internodes  undeveloped. 
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First  leaves  simple,  cauline,  alternate,  pinnati-fid  or  -partite  ; 
segments  two,  linear,  acute,  hairy. 

Biscutella  didyma,  L. 

Primary  root  tapering  downwards,  with  numerous  lateral 
rootlets. 

Hypocotyl  short,  tapering  sharply  downwards,  almost  colourless, 
glabrous,  from  1-2  mm.  long. 

Cotyledons  fleshy,  broadly  oblong,  obtuse,  entire  or  very  minutely 
crenate  at  the  apex,  rather  unsymmetrically  divided  by  the  midrib, 
shortly  petiolate,  glabrous,  green,  indistinctly  pinnatinerved  like 
tbe  leaves,  cuneate  at  the  base. 

Stem  with  primary  internodes  undeveloped. 

First  leaves  simple,  radical,  alternate,  petiolate,  subrotund  or 
oblong,  obtuse,  crenate,  hairy,  green,  pinnatinerved  ;  petioles  rather 
short,  hairy,  rather  flat  and  channelled  on  the  upper  side. 

Iberis  corifolia,  Sweet. 

Primary  root  tapering  downwards  and  branched. 

Htjpocotyl  erect,  terete,  glabrous,  14-18  mm.  long. 

Cotyledons  shortly  and  broadly  oval,  obtuse,  entire,  petiolate, 
glabrous  ;  lamina  opaque  with  an  indistinct  midrib,  10  mm.  long  by 
7  mm.  broad;  stained  purple  beneath,  petiole  4-4-5  mm.  long, 
slightly  channelled  on  the  upper  side. 

Stem  herbaceous  or  subshrubby,  erect  in  the  seedhng  stage, 
afterwards  procumbent,  scabrous,  otherwise  glabrous  ;  1st  internode 
4-6  mm.  long. 

Leaves  simple,  entire,  cauline,  alternate  (1st  pair  opposite  or 
nearly  so),  petiolate,  narrowed  to  the  base,  glabrous,  one-nerved, 
deep  green,  all  narrower  than  the  cotyledons. 

Nos.  1  and  2.  Obovate-spathulate,  obtuse. 

Nos,  3-5.  Spathulate,  obtuse. 

Nos.  6-10.  Linear,  obtuse. 

Iberis  Lagascana,  DC. 

Hypocotyl  5-8  mm.  long. 

Cotyledons  oval-oblong,  fleshy,  rather  unsymmetrical. 
Stem  with  primary  internodes  undeveloped. 

neti^r?  tr^^^^^  glabrous  except  on  the 

pe  10  es,  light  green,  pinnatinerved;  lobes  entire,  obovate  obtu  e 
petiole  channelled  on  the  upper  side,  with  a  few  s  attered  hair  ' 
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Iberis  pectinata,  Boiss. 

Hypocotyl  10-18  mm.  long.  ,    .        ,  i., 

Cotyledons  obliquely  oval,  very  unequal  at  the  base  obtuse, 
Bomewhat  truncate  at  the  apex,  or  faintly  emargmate,  glabrous  or 
with  a  thin,  faint  line  of  adpressed  colourless  hairs  along  the  back 
of  the  petiole  ;  lamina  in  average  specimens  9-10  mm  long  on  one 
Side  of  the  midrib,  and  8  mm.  on  the  other,  about  7  mm.  wide ; 
petiole  12-14  mm.  long,  channelled  on  the  upper  side.  _ 

Stem  terete,  hairy,  with  spreading  or  deflexed  hairs  ;  mtemodes 
variously  developed  from  1-15  mm. 

Leaves  cauline,  hairy,  with  a  distinct  channelled  midnb. 
'      Nos.  1-7.  Linear,  obtuse,  tapering  gradually  mto  the  petiole  at 
the  base,  deeply  and  bluntly  toothed  or  pinnatifid, 

Isatis  tinctoria,  L.  (fig.  174). 
■     Fruit  lateraUy  compressed,  oblong-cuneate,  broadest  at  the  apex, 
somewhat  winged  at  the  base  and  apex,  woody  on  each  side  of  the 

cavity  containing   the  seed,  one- 
celled,  one-seeded,  indehiscent. 

Seed  cyhndrical  or  oblong,  tipped 
with  the  short  funicle  by  which  it  is 
■  -    ft     w  suspended  from  the  apex  of  the  ceU  ; 

If     C      Jt     H/  ^.^^^  ^^^^  micropyle  contiguous,  at 

%^Y/s;;S  "e-:  c^Z-   the  upper  end  of  the  seed,  and  nearest 

ledons ;  B,  radicle ;  W,  W,  woody    ^-^e  base  of  the  style. 

portions  of  siliqua.  Endosperm  none,  or  forming  an 

extremely  thin  film  on  the  inner  face  of  the  testa. 

Embryo  large,  filhng  and  conforming  to  the  seed,  curved  or 
bent  upon  itself,  yellowish;  cotyledons  ^^^^^S^f^^^'^'^X^ 
radicle  spindle-shaped,  narrowed  to  an  obtuse  pom  ,  lymg  along  the 
back  of  the  (incumbent)  cotyledons  and  slightly  longer  by  reason 
of  its  forming  the  curve  at  the  apex  of  the  seed  while  the  cotyle- 
dons  are  straight. 

Ochthodium  segyptiacum,  DC.  (fig.  175). 
Fruit  a  nut-like  sHicula,  broadly  rhomboid,  short,  «^|bquadra^- 
.ular  laterally  compressed,  covered  with  hard  tubercles  on  he 
foTandes  and  smaller  ones  between  ;  subcarinate  on  the  back  o 
ach  cat  ,  glabrous,  pale  grey,  two-celled,  two-seeded,  indeliiscei^ 
and  remaining  attached  to  the  pedicel;  pericarp  hard,  crustaceous, 

and  somewhat  brittle.  i  „f  fho  hnQP 

Seed  broadly  oblong,  rounded  at  the  apex,  ;-equal  at  the  has 
owing  to  a  prolongation  of  the  radicle  beyond  the  cotyledons,  com 
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pressed  but  convex  dorsally,  nearly  flat  ventrally,  pale  yellow  ;  testa 
thin,  membranous  ;  micropyle  superior,  contiguous  to,  but  a  little 
higher  up  than,  the  hilum ;   chalaza  forming  a  small,  slightly 


Fig.  175. — Ochthodium  cegyptiacuvt. 

1,  Fruit  on  its  pedicel,  x  6,  lateral  aspect. 

2,  Longitudinal  section  of  fruit,  x6:  F,  funioultis;  T,  testa;  B,  radicle;  Ch, 
JEn'endooavp^'^'^  section  of  fruit,  x  6  :  C,  0,  cotyledons  ;  B,  B,  radicles  ;  Ep,  epicarp 

i,  Seed,  X  15  :  Chj  chalaza ;  M,  micropyle. 

thickened  deep  brown  spot,  close  to  the  sinus  betweien  the  cotyledons 
and  the  radicle,  in  which  the  hilum  is  placed. 
Endosperm  absent. 

Embryo  comparatively  large  and  filHng  the  entire  seed,  doubled 
upon  itself,  pale  yellow  or  nearly  colourless  ;  cotyledons  oblong- 
oval,  obtuse,  plano-convex,  obHquely  incumbent ;  radicle  somewhat 
curved,  lying  obliquely  on  the  back  of  the  cotyledons,  but  between 
the  latter  and  the  septum,  that  is  on  the  ventral  aspect,  rather 
longer  than  the  cotyledons. 

Bunias  orientalis,  L, 

Frtoit  nut-Uke,  ovoid-tetragonous,  laterally  compressed,  more  or 
less  tuberculated  or  rough  at  the  angles,  tipped  with  the  persistent 
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base  of  the  style,  woody,  pale-coloured,  indeUscerit,  one- to  two-celled, 
with  generally  a  seed  in  each  cell. 

Seed  more  or  less  cochleate  by  the  shrinking  of  the  testa  to  con- 
form to  the  embryo,  otherwise,  when  fresh  and  plump,  nearly  globose 
with  the  radicle  appearmg  as  an  appendage  at  one  side  ;  micropyle 
close  to  and  superior  to  the  hilum ;  chalaza  formmg  a  broad  orbi- 
cular discoloured  patch  on  the  ventral  aspect. 


^,,.m.-Buniasonentalis.    A,  Getting  seed,  x  3.    B.  Seedling,  nat.  size. 


Moslem  in  the  mature  seed  forming  a  thin  fihn  Hning  the 

'"t'^ttrltM^^^      seed,  spirally  coiled,  pale  yeUow  ;  coty^ 
M,vwnjo  ^'^^S  '       ^       forming  about  a  coil  and  a  half,  vath 
ledons  oblong  oMuse^^^^^^^^  .ho  edges  of  both  touehing 

theu:  tips  '°  to  tbe  base;  i-adicle  eyUndiical, 

:^:i%l"vrd:o..doioseto.be 

?he  tee  of  the  style,  long,  and  well  developed. 

Ccolfve  stout,  e.ec.  ..nUed  t.a„sve.sel.  pale 
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ing  a  tendency  to  become  emarginate,  tapering  to  a  petiole-like  base, 
with  a  few  alternate,  ascending  slender  nerves,  the  uppermost  strong 
pair  of  which  incurve  and  unite  with  the  midrib  below  the  apex, 
finely  reticulate,  and  all  the  veins  seen  only  by  transmitted  hght, 
glabrous,  light  green  above,  paler  beneath,  petioles  flattened  above,' 
convex  beneath,  slightly  connate  at  the  base ;  average  length  of 
three  long  cotyledons  4-2  cm.,  of  three  short  ones  3-33  cm. 

Ste7n  herbaceous,  developed  when  about  to  flower ;  primary 
internodes  undeveloped. 

Leaves  simple,  radical  and  cauline,  alternate,  petiolate,  hairy  on 
both  surfaces,  alternately  and  ascendingly  incurvinerved ;  nerves 
umtmg  at  the  apex,  obscurely  reticulate  ;  petiole  tapering  upwards 
from  a  rather  broad,  clasping  base,  channelled  on  the  upper  side,  or 
finally  becoming  more  or  leas  flattened. 

Nos.  1  and  2.  Spathulate-obovate,  or  oblong,  or  oval,  obtuse 
entire,  or  with  inconspicuous  glandular  teeth.  ' 

No.  3.  Similar. 

No.  4.  Oblong,  obtuse,  entire,  with  glandular  teeth. 
Zilla  myagroides,  Forsk. 

Fruit  a  nut-like  sihcula,  ovoid  or  subglobose,  slightly  compressed 
aterally  shallowly  ridged  and  furrowed  longitudinally^  tipped  with 
the  subulate  or  corneal,  persistent  style,  two-celled,  two-seeded,  inde- 
hiscent,  glabrous,  pale  ashy  grey,  or  more  or  less  blackened  sub- 
stance of  pericarp  chflferentiated  into  an  outer,  thick,  pale-cobured 
corky  layer  and  an  inner,  thick,  hard  and  almost  bony  layer  fur- 

We^jfheTl  ~- 
Seed  obovoid,  conforming  to  the  cavity  of  the  loculus,  somewhat 
compressed,  but  convex  dorsally;  much  compressed  ;nd  almos 
flattened  ventrally,  pale  brown,  smooth,  almost  stining,  very  unequ! 
at  the  upper  and  basal  end  where  it  runs  out  at  one  sideTn  o  an 
obtuse  pomt ;  testa  comparatively  thin,  coriaceo-membran  u  hHum 
in  the  smus  formed  by  the  curvature  of  the  seed,  that  "  between 
the  radicle  and  the  part  containing  the  cotyledons;  micropvTe  a 
he  upper  and  most  elongated  point  of  the  seed ;  cialazaTaferal 
foming  a  dark  brown  spot  near  the  hilum,  but  on  the  oZo^e  sS^ 
of  the  latter  from  the  micropyle.  "Fposiie  siae 

Endosperm  absent. 

a»6ryo  large  and  filling  the  seed.  a„„ble<l  upon  itself. 
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Td  of  c'rlrZ  o«™d  at  U»  union        U,e  cotyledon. 

"^"'yoSh:' detlop-nent  see  Goebel,  ■  Flora/  1889,  p.  3.. 

" tete,  glataou.  pale  green,  6-18  -nn,.  or  „ore 
n:*?r.nne,«^^^^^ 

Bhallowly  bifld,  petiolate,  "  "  ^.^j^^,  fleshy,  glateous, 

cnltly  disoernible  nerves  enter  ng  th   lobes  rat  JJ 
Wight  green-,  lannna  of  the  smaUer  o^^^^^ 

7-6-11  mm.  -wide  -,  petiole  semiterete,  fla.- 
tened  above,  slightly  connate  at  the  base, 
glabrous,  light  green;  of  the  smaUer  coty- 
ledon 8-10  mm.,  of  the  larger  7-6-8  5  mm. 

'™S(em  erect,  terete,  glabrous,  pale  green, 
ultimately  shrubby;  first  intemode-6-2mm. 

simple,  caulme,  aUern^te,  peWo- 
late    alternately  and  ascendingly  pemii 
nmed  with  the  nerves  incurved  mn tag  at 
S?r  apex  and  anastomosing  md.stmctly, 
S  a  prominent  midrib,  but  the  other 
.„.r„.       .  :tion\estdiscermbleonihejte^^^^^ 

fleshy,  S^^^ 
,reen,andsome.hat*mmg,henyo^^^^^^^  ^ 

above  °^''-7r  g'thX'e  with  rather  long  petroles,  and 

CaMle  .aritin:a,  ™)-  „, 

Hypocotyl  erect,  terete,  gi^ii. 
colourless.  ^        li,,ear,  obtuse,  entii-e,  sessile, 

Cotyledons  X:rLrti  ve^^oL^  glabrous,  Ugbt  gx-eeu,  one- 
tapering  to  the  base,  but  nu  v 

^"^ftem  erect,  terete,  herbaceous. 

C„,„Usin0.mar«mab«torrlyMOmm.long. 
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Cotyledons  very  unequal,  linear-oblong,  otherwise  as  in  C.  mari- 
tima. 

Stem  with  primary  internodes  undeveloped. 

First  leaves  simple,  entire,  cauHne,  alternate,  narrowed  to  the 
base,  exstipulate,  ovate-oval,  obtuse,  very  hairy,  light  green,  pinnati- 
nerved. 


Fig.  178. — Gahile  maritima,  x  a 

Chorispora  tenella,  DC. 

obcoS'^^^  ''"'"'^^  appearing  above  the  soil 

Cotyledons  oval-oblong,  obtuse,  entire,  petiolate,  rather  fleshv 
glabrous  green,  pinnatinerved  like  the  leaves;  petiole  long  ratW 
flat,  slightly  furrowed  on  the  upper  face.  ^' 

N 
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Stem  with  primary  internodes  undeveloped. 

First  leaves  simple,  cauline,  alternate,  petiolate,  obovate- 
oblong,  obtuse,  lobed  (first  one  entire),  slightly  hairy,  green,  pm- 
natinerved ;  petioles  rather  long,  channelled  on  the  upper  face. 

Raphanus  sativus,  L. 

For  description  of  seed  see  above,  p.  81  (fig.  62). 
Seedling  (fig.  179). 

Primary  root  long,  tapering,  flexuose,  with  a  few  small  lateral 

'°°Soooi2/Z  short,  stout,  succulent,  subsequently  becoming  swollen 
to  form  the  edible  radish,  glabrous,  purple,  mergmg  mto  the  root 

Miledons  opposite,  fohaceous.  with  long  petioles,  pennmerved 
.labrous    lamina  obcordate  or  obreniform;  petiole  broadly  and 
glaorous,  xd,  shallowly   grooved    on  the 

upper  side,  dilated  and  con- 
nate at  the  base. 

Stevi  erect,  shallowly 
ridged  and  furrowed,  sparsely 
setose  or  scabrid,  pale  green, 
sometimes  suffused  with  pur- 
ple; 1st  mternode  2-6  mm. 
long ;  2nd  1-5-3-5  cm.,  very 
variable  under  cultivation.^ 

Leaves  simple,  cauline, 
alternate,  petiolate,  sparsely 
setose  or  scabrous,  oblong  or 
hnear,  simply  toothed  or 
serrate  or  variously  lyrate- 
pimiatifid  ;  segments  obtuse 
and  enthe  or  variously  and 
irregularly     pmnatifid  or 

toothed. 

]sfoTE.— When    there  is 
abundance  of  moisture  the 
plants  grow  freely  and  the 
  -  leaves  are  Uttle  cut  up,  vary- 
ing from  spathdate  or  oval  to  oblong,  W^^^^^^ 
seL    If  the  plants  are  crowded  or  tl^e  weath^  d^^^  the^^^s 
Httle  at  the  root,  run  to  flower,  ^^^^''^''^.'^^o^^ 
leaves  that  are  bipinnatisect  or  irregularly  cut  into 

or  segments. 


Fig.  IIQ.—Baphanus  sativus. 


Nat.  Bize. 
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CAPPARIDEJI. 

Benth.  et  Hook.  Gen.  PI.  i.  103. 


Fruit  and  Seed. — The  Order  falls  into  two  divisions  accord- 
ing as  the  fruit  is  dry  and  capsular  as  in  Cleome,  Cleomella, 
Cristatella,  and  others  ;  or  on  the  other  hand  baccate  like 
Capparis,  Morisonia,  and  Maerua,  or  drupaceous  as  in  the  one- 
seeded  fruit  of  Eoydsia.    In  the  capsular  types,  the  Order 
approaches  Cruciferaj  very  closely.    The  fruit  is  siHquose  in 
all  the  genera  of  the  CleomeaB  except  WisHzenia  and  Oxy- 
styhs,  where  it  is  short,  didymous,  and  breaks  up  into  inde- 
hiscent  one-seeded  pieces.    The  Capparete  have  baccate  and 
indehiscent  fruits  with  the  seeds  embedded  in  pulp.  The 
ovules  in  aU  cases  are  parietal,  campylotropous  or  semiana- 
tropous,  and  the  seeds  reniform  in  the  dry  fruits,  reniform  or 
angular  in  the  baccate  fruits.    The  angular  condition  may 
depend  upon  the  number  of  seeds  in  a  fruit  and  the  effect  of 
mutual  pressure.    When  the  pulp  is  plentiful,  separating  the 
seeds  from  one  another,  they  retain  the  usual  shape  of  the 
campylotropous  ovules.    Usually  the  seeds  are  exalbuminous 
but  there  is  a  thin  layer   of  endosperm  surrounding  the 
embryo  of  Capparis  sandwichiana  (fig.  182)  and  a  thick  layer 
m  which  the  curved  embryo  is  embedded  in  Tovaria  an 
anomalous  genus  containing  only  one  species,  referred  to  the 
Papaveracese  byEichlerand  compared  with  the  PhytolaccaceaB 
by  Bentham  and  Hooker.    It  is  probable  that  a  careful 
examination  of  many  species  would  reveal  the  presence  of 
endosperm^  in  other  cases  besides  Capparis  sandwichiana. 
ihe  testa  is  thick,  coriaceous,  and  smooth  or  often  rou^h  in 
species  with  a  capsular  fruit.    The  embryo  is  bent  o"r  in 
curved  or  spirally  convolute,  and  the  cotyledons  are  incum- 
bent, plaited  or  convolute,  and  induplicate,  as  may  be  seen  bv 
reference  to  the  transverse  section  of  Capparis  sandwichiana 

Cotyledons. -kB_  far  as  observed  (seeds  and  seedlings  of 
different  species  being  difficult  to  obtain)  the  cotyledons  after 
germmation  are  always  broad,  petiolate,  obtuse,  and  entJre 


N  2 


l^gQ  ON  SEEDIJNGS 

and  in  some  cases  at  least  unequal  in  size.  The  teeadth  is  of 
com-  e  due  to  their  heing  folded  longitudmally,  as  Wl  as  to 
the  comparatively  large  size  of  the  seed  ^^^^J^'/"- 

The  cotvledonB  of  a  species  ot  Capparis  (fig.  183)  from 
Melbourne  were  large,  foliaceous,  shortly  pef  olate  ovate, 
"alternately  fncurvinerved  -d  g^rous 
J  al.ovP  slishtlv  unequal-sided,  that  is,  the  poition  oi 
ZZ  oteach  st  of  the  midrib  was  not  ot  the  same  width. 
tTv  were  evergreen  and  persisted  for  more  than  a  year 
!n  L  plant!  In  the  case  of  Cleome  viola^ea  they  fall 
away  early. 

Cleome  violacea,  L.  (fig.  180). 

Pr^r,^ary  root  tapering  downwards,  strongly  tortuose,  with 

stout,  colourless,  terete,  subterranean, 
tapering  into  the  root.  t  -u+w  ^Tiannal  oblong  or  ovate- 

"^L  erect,  terete,  herbaceous,  --^Ptnl^^^^ 
glandular-pubescent;  1st  —  .^^3^^  ^Tra-S  4th6.m.; 

6th  9-5  mm.;  6th  1-7  cm. ;  7  th  1-6  cm. ; 
8th  8-5  mm. ;  9th  1-15  cm. ;  lO^^J  ^ Z'^; ' 
nth  1-1  cm. ;  12th  1-8  cm  ;  18th  1 1 
cm  •  14th  1-35  cm.;  15th  1-5  cm., 
16thl-5cm.;17thl-lcm.;18th7mm.; 

19th  4-5  mm. ;  20th  2  mm. 

Leaves  compound,  digxtately  tnfol - 
ate,  ultimately  unifoholate  cauhne  al- 
teriate  (first  two  opposite),  e^^tipulate 
petiolate,   glandular-pubescent  on  both 
surfaces,  deep  green  above,  glaucous  be- 
neath; leaflets  oblong-hnear,  obtuse  01 
::Wte  with  a  deeply  channeUed  -^^^ 
rib   very  prominent  beneath;  petioles 
Fia.i80.-OJeomemoZacea,x2.      '  channelled  on  the  upper  side. 

.os.land..  small. tr«^ate.;ieaaetss„belhptic.theterm.a, 

one  largest.  tvifohohate ;  leaflets  hnear. 

r  J:;SiXfiet  ana  a  smaU  lateral  cue. 
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Nos.  8-14.  With  one  rather  long  terminal  leaflet. 
The  rest  are  bracts  bearing  flowers  in  their  axils. 

Cleome  spinosa,  L.  (fig.  181). 

Primary  root  with  numerous  strong  lateral  rootlets. 

Hypocotyl  erect,  terete,  glandular-pubescent  near  the  top,  other- 
wise glabrous,  striated  longitudinally,  and  marked  with  two  lines 
of  crystalline  elevations  running  down  from  the  edges  of  the 
cotyledonary  petioles, 
deep  dull  red,  8-15  mm. 
long. 

Cotyledons  often,  if 
not  always,  unequal, 
oblong  or  more  often 
ovate-oblong,  obtuse, 
entiriB,  with  a  few  alter- 
nate, ascending  or  sub- 
incurved  nerves,  dull 
green  above,  paler 
beneath,  petiolate ;  la- 
mina glabrous,  8-12 
mm.  long,  3-6  mm. 
wide ;  petioles  semi- 
terete,  shghtly  chan- 
nelled above,  densely 
glandular  -  pubescent, 
each  3-5*5  mm.  long. 

Average  length  of 
3  laminae,  10-3  mm.  and 
9-S  mm.  in  the  longer 
and  shorter  cotyledons 
respectively. 

Stem  glandular - 
hairy ;  1st  internode 
hardly  developed,  or 
•5-1  mm.  long. 

Leaves  ternately  pinnate,  alternate  (first  two  opposite),  gland- 
ular-pubescent on  both  surfaces,  and  rather  strongly  cihate  at  the 
margm,  alternately  and  ascendingly  penninerved ;  petioles  semi- 
terete,  channelled  above,  densely  glandular-pubescent. 

Nos.  1  and  2.  Opposite,  pinnately  ternate  ;  leaflets  petiolulate  • 
termmal  one  largest,  elliptic,  obtuse  or  subacute,  shghtly  undulate 
at  the  margm  or  flat ;  lateral  leaflets  similar  but  much  smaller 


Fig.  181. — Cleome  spinosa,  x  2. 
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Capparis  sandwichiana,  DC.  (fig.  182). 

Fmit  stipitate,  globose  or  cylindrical,  baccate,  many -seeded, 

'"""^teTreniform,  slightly  flattened,  embedded  in  pulp,  with  very 
unequal  ends-the  smaUer  containing  the  radicle,  the  larger  the 


182  -Capparis  sandwichiana.  A,  seed,  x  8  :  hilam.  B  tranBverse 
eection  of  S,  xB:B,B,B,  radicle ;  P,  endosperm.  C,  longitudinal  bbc 
tion  of  seed,  x  8  :  P,  endosperm;  B,  radicle. 

cotyledons ;  testa  black,  smooth,  crustaceous ;  inner  coat  membra- 
nous ;  hilum  in  the  basal  notch. 

Endosperm  forming  a  thm  layer  surroundmg  the  embryo. 

Emhnjo  large,  spirally  coiled,  colourless;  cotyledons  oblong, 
each  separately  conduphcate,  and  then  the  double  fold  coiled  spir^ 
ally  one  each  side  of  the  seed  with  its  back  to  the  endosperm,  and 
hoth  its  edges  lying  in  the  centre  of  the  seed  and  abutting  agamst 
the  ed-es  of  the  other  cotyledon ;  radicle  long,  cylindrical,  obtuse 
incumbent,  and  forming  a  complete  coil  round  the  cotyledons  and 
along  the  periphery  of  the  seed. 
Capparis,  sp.  (fig.  183). 

Hypocotyl  woody,  erect,  compressed,  tapering  upwards,  glabrous, 

""-^S^'^J^o^,  ovate,  obtuse  alternately  h^cur^^ 
nervedind  reticulate,  glabrous,  deep  g--^-^^--;V^;.^^' 
Lly  concave  and  scarcely  paler  beneath,  shortly  Pf  o^^^^  ' /^^^"^.^ 
2  85  cm  long,  I'l  cm.  broad;  petiole  1-5  mm.  long,  persistent 
L  theTpec Lei  sketched  the  halves  of  the  cotyledons  are  of  unequal 
widths        mm.    The  inequahty  of  the  one  does  not  correspond  to 

n:::^;:  erect,  terete,  pubescent,  pal.  green ;  1st  internode 
mm  loM  •  2nd  4  mm. ;  3id  1  mm. ;  4tb  1-55  cm.    6tli  1  cm. 
6th  8mm?7thl-15  cm.;  8tb  8-25  mm.    Fi.=t  branch  m  ax.l  of 
a  cotyledon. 
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Leaves  simple,  entire,  cauline,  alternate,  exstipulate,  shortly 
petiolate,  ascending,  alternately  penninervecl  and  obscurely  reticulate, 
glabrous,  and  nearly  of  the  same  deep  green  on  both  surfaces  ; 
petioles  very  short  (about  1  mm.  long),  stout,  articulated  with  the 


Fig.  183. — Gapparis,  sp.    Nat.  size. 

stem;  stipules  small,  spreading,  spinous,  pale  yellowish-brown, 
absent  from  the  first  three  leaves. 

Nos.  1-3.  Narrowly  oblong,  elliptic,  obtuse,  subapiculate. 

No.  4.  Lanceolate,  obtuse. 

Nos.  5  and  6.  Lanceolate,  acute. 

Nos.  7  and  8.  Small,  lanceolate,  obtuse. 
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RESEDACE^. 

Benth.  et  Hook.  Oen.  PI.  i.  110. 

The  Kesedaceffi  constitute  a  small  Order,  containing  from 
thirty  to  sixty  species  according  to  the  view  taken  by  different 
authors.  The  greater  part  of  them  are  natives  of  dry  countries 
such  as  South  Europe,  North  Africa,  Syria,  Asia  Minor,  and 
Persia,  with  a  few  in  the  outlying  provinces  of  India,  and  three 
in  Cape  Colony.  They  consist  of  annual  or  perennial  herbs,  and 
a  few  are  shrubby.  The  leaves  are  alternate  and  scattered,  or 
crowded  on  short  undeveloped  branches,  simple  and  entire  or 
trifid  or  pinnatisect. 

Fruit  and  Seed.— The.  ovary  consists  of  from  two  to  six 
carpels,  with  as  many  parietal  placentas,  and  is  closed  at  the 
top  or 'open  during  the  whole  or  the  greater  part  of  its  growth, 
as  in  Eeseda,  or  gaping  as  in  Caylusea.  The  ovules  are  numerous 
as  in  Eeseda  or  one  to  two  as  in  Astrocarpus.  The  latter  is  re- 
markable in  the  mature  state  when  its  four  to  six  carpels  divan  - 
cate  in  a  stellate  manner,  each  containing  one  seed  only.  The 
ovules  are  amphitropous  or  campylotropous,  and  mserted  on  the 
walls  of  the  ovary  or  near  the  base  of  the  cavity.  The  seeds  are 
numerous,  or  few  in  Astrocarpus  and  Caylusea,  and  two  to  three 
in  Eandonia ;  they  are  reniform  with  a  smooth  testa  or  rough 
in  Eandonia,  and  are  usuaUy  exalbuminous,  but  exceptions 
occur  as  in  the  Capparidese.    The  fruit  is  capsular,  foUicular 
(Astrocarpus),  or  baccate  (Ochradenus).      ^.  ^ 

The  embryo  is  large  and  curved  or  comphcated,  hUmg  the 
interior  of  the  seed.  The  cotyledons  are  incumbent,  and  m 
Eeseda  they  constitute  the  greater  part  of  the  embryo,  the 
radicle  being  extremely  short.  Caylusea  abyssmica  (fig.  184) 
forms  an  exception,  inasmuch  as  an  appreciable  quantity  of 
endosperm  surrounds  the  large  embryo,  while  m  he  sinus 
between  the  cotyledons  and  radicle  lies  a  considerable  thick- 
of  it 

The'seeds  are  reniform  and  slightly  compressed  laterally ; 
and  the  cotyledons  of  the  large  embryo  He  in  the  narrow  plane 
o?the  seed,  with  their  tips  curved  round  to  the  hilum,  but  then 
backs  to  the  placental  axis.    They  are  plano-convex  and  taken 
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together  are  much  thicker  and  wider  than  the  terete  or  cylindri- 
cal radicle,  which  is  about  equal  to  the  cotyledons  in  length. 

Cotyledons. — The  cotyledons  of  Keseda  are  broad  and  ovate 
in  E.  luteola,  oblong  or  oval  in  K.  odorata,  and  spathulate 
in  E.  alba  (fig.  185).  Those  of  the  first  named  are  somewhat 
succulent,  taper  into  the  petiole,  have  a  few  ascending  veins  on 
each  side  of  the  midrib,  and  are  sometimes  unequal  in  shape 
and  size.  The  cotyledons  in  the  other  cases  are  also  some- 
what succulent  with  a  faint  midrib,  but  no  other  discernible 
venation  in  the  fresh  state.  The  embryo  of  Caylusea  while  in 
the  seed  is  similar  to  that  of  Eeseda  in  general  outline. 

Caylusea  abyssinica,  Fisch.  et  Mey.  (fig.  184). 

Seed  almost  orbicular,  with  a  prominent  basal  notch,  1-1-25  mm. 
in  diameter  ;  testa  crustaceous,  brown  at  first,  then  bright  shining 
black,  smooth. 


Jl 


Pig.  XM.—Gaylusea  abyssinica.  A,  longitudinal  section  of  seed.  B,  transverse 
section,  both  x  80  :  P,  endosperm;  C,  cotyledon  ;  T,  testa  ;  B,  radicle ;  H,  hilum. 

Endosperm  comparatively  copious,  surrounding  the  embryo, 
greyish-white.  ' 

Embryo  curved  or  rounded  on  itself,  surrounded  by  endosperm, 
colourless  ;  cotyledons  oval,  entire,  fleshy,  plano-convex,  sessile,  with 
their  edges  towards  the  basal  notch  ;  radicle  terete,  obtuse,  superior, 
about  the  same  length  as  the  cotyledons. 

Reseda  alba,  L.  (fig.  186). 

Primary  root  slender,  tapering,  fibrous. 

HypoGotyl  terete,  elongated,  pale  green  or  colourless,  glabrous 
about  12-1.5  mm.  long.  ' 
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Cotyledons  spatliulate,  obtuse,  entire,  petiolate,  glabrous,  ligbt 
,reen.  Capering  into  tbe  petiole,  about  H  ^^^^^^^ 

nelled  above,  dilated  at  the  base 
and  Bubperfoliate. 

Stem  herbaceous   and  de- 
veloped when  about  to  flower. 

Leaves  simple,  radical  and 
cauline,  alternate,  stipulate,  petio- 
late, entire,  glabrous,  slightly 
scabrous  at  the  margin,  light 
green,   indistinctly  alternately 
and    ascendingly  penninerved 
and    reticulate    towards  the 
margins  ;  petioles  slightly  chan- 
nelled above,  dilated  and  clasp- 
ing at  the  base ;  stipules  small, 
glandular,   tooth-hke  and  pro- 
jecting from  the  upper  edges  of 
the  petioles  a  Httle  above  their 

lo£lS6« 

Nos.  1  and  2.  Spathulate.  ob- 
tuse, entire,  with  a  few  ascendmg 
nerves  and  reticulate  towards  the 
margin. 

Nn  H  OblonR  with  two  small  lateral,  subulate,  acute  lobes 
neaJ^the  ba?e  an'd  a  nerve  running  h.to  each  lobe;  middle  lobe 

oblong,  entire  ^^h  two  alternate,  subulate  acute 

lobe^onlS;  Sw;hes  running  into  them  from  the  m.d- 
rib  ;  middle  lobe  oblong-lanceolate  en  ire 

Ultimate  leaves  pinnatisect  with  linear  more  oi 
segments,  glaucous  or  green,  glabrous. 

Reseda  luteola,  L. 


EiG.  185— Beseda  alba.    Nat.  size. 


RESEDAOE^ 


187 


Leaves  as  in  E.  alba,  but  stipules  small,  glanduliform,  seated  on 
the  petiole  some  distance  above  the  base,  and  often  at  unequal 
heights. 

Nos.  1  and  2.  Spathulate,  obtuse,  tapering  to  the  base,  alternately 
and  ascendingly  nerved. 
Nos.  3-6.  Similar. 

Ultimate  leaves  linear,  entire,  obtuse,  undulate  at  the  margin, 
alternately  incurvinerved,  deep  green,  glabrous,  shining,  vpith  a  pro- 
minent midrib  ;  the  radical  narrowed  to  a  short,  flattened,  more  or 
less  winged  petiole,  the  cauline  sessile. 

Reseda  odorata,  L. 

Primary  root  long,  wiry,  tapering,  vdth  very  few  or  no  lateral 
rootlets  for  some  distance. 

Hypocotyl  subterranean,  stout,  tapering  downwards  indistin- 
guishably  into  the  root. 

Cotyledons  oblong ;  lamina  9  mm.  long,  5  mm.  broad ;  petiole 
4'5  mm.  long. 

Stem  herbaceous,  erect,  or  ultimately  decumbent,  glabrous,  green, 
shghtly  angled  and  furrowed,  with  lines  of  scattered,  filiform,  glan- 
dular appendages  running  down  from  the  base  of  the  leaves  ;  1st 
internode  1  mm.  long ;  2nd  2-25  mm. ;  8rd  7  mm. ;  4th  1  mm.  ; 
5th  13  mm. ;  6th  9  mm. ;  7th  5*5  mm. 

Leaves  cauline,  alternate  (or  first  four  opposite  in  two  pairs),  petio- 
late,  or  the  uppermost  sessile  or  subsessile,  flat  or  subrevolute  at  the 
margm,  alternately  penninerved,  glabrous,  scabrous  at  the  margin ; 
petioles  channelled  above  on  either  side  of  a  prominent  midrib,  con- 
vex beneath  ;  stipules  consisting  of  filiform  glandular  processes  ex- 
tending from  the  base  of  the  petiole  for  some  distance  down  the  stem. 

1st  pair  opposite,  spathulate,  entire. 

2nd  pair  opposite,  oblong-spathulate,  entire. 

Nos.  6-6.  Nearly  opposite  (in  specimen),  linear-oblong,  obtuse, 
entire. 

Nos.  7-10.  Oblong-spathulate,  obtuse,  entire. 

Upper  cauline  leaves  oblong,  obtuse,  entire  or  trifid  or  tripartite  ; 
segments  oblong,  obtuse,  entire  ;  lateral  ones  much  broader  on  the 
posterior  side  of  the  midrib  and  decurreut  on  the  petiole. 
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The  o^ary  in  this  Order  is  free,  consisting  of  three  to  five 
carpels  united  by  their  edges  only,  and  is  one-  or  partly  three- 
to  five-celled  by  the  prominence  or  inflection  of  the  three  to  five 
parietal  placentas.  The  ovules  are  generally  numerous  on  each 
placenta,  but  there  are  only  two  in  Hudsonia  and  Lechea; 
ascending  and  projecting  into  the  cavity  of  the  ovary  on  long  or 
rarely  short  funicles,  and  orthotropous,  rarely  semianatropous 
as  in  Lechea  and  Fumana  by  the  funicles  being  partly  adnate 
to  the  placenta.   Orthotropous  ovules  are  generally  associated 
with  one-seeded  fruits  as  in  Polygonace^,  many  Urticaceae, 
and  Juglandace^.  so  that  Cistus  and  Hehanthemum  are  very 
exceptional  m  possessing  orthotropous  ovules  in  a  many-seeded 
ovary    The  fruit  is  a  capsule  dehiscing  by  as  many  valves  as 
there  are  caarpels.   The  dehiscence  being  loculicidal,  the  seeds 
are  borne  along  the  centre  of  the  valves  as  in  the  Violariese 
to  which  the  Cistine^  are  allied.    The  seeds  are  numerous  m 
the  two  leading  genera,  Cistus  and  Hehanthemum,  and  are 
ovoid  or  variously  angled  by  mutual  pressure.    They  contam 
a  large  quantity  of  a  farinaceous  or  mealy  endosperm,  some- 
times occupying  one  side  of  the  seed  only  as  m  Cistus 
Wfolh's  o'r  in  some  cases  almost  equally  distributed  and 
com^^^^^^^^^    surrounding  the  embryo.    The  latter  is  there- 
te  generally  excentric,  and  curved,  spirally  convolute,  or 
condiiphcate,  rarely  nearly  straight  as  in  Lechea    The  coty- 
Ldons  are  plano-convex,  nearly  flat  or  narrow,  and  semiteiete 
Cistus  laurifolius,  which  may  be  taken  as  typical  o  h 
croun   has  a  spirally  coUed,  excentric,  comparative  y  laige 
embryo  w  th  linear,  obtuse,  semiterete,  incumbent  cotyledons 
Mn  '  n  the  narrow  plane  of  the  somewhat  flattened  seed  wrth 
W  backs  to  the  placenta.    The  cotyledons  are  equal,  the 
nner  one  n  L  case  at  least  being  more  coiled  than  the  outer. 
The  embryo  of  C.  villosus  seems  to  be  more  central  than  usual 
!nd  tTe  coty^^^^^^^  are  linear-oblong,  incumbent,  and  shorte 
than  the  radicle.    The  embryo  of  Hehanthemum,  accordmg  to 
Bentl  am  and  Hooker,  is  uncinate,  biplicate,  or  cu-cumflexed. 
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Those  coming  under  my  notice  are  spirally  coiled  much  in  the 
same  way  as  in  Cistus,  but  the  cotyledons  are  usually  broader 
and  lie  in  the  broader  plane  of  the  seed  when  that  is  flattened 
in  any  way.  There  are  a  few  slight  modifications.  They 
are  incumbent  as  usual,  but  the  radicle  in  H.  Spachii  and 
H.  violaceum  is  displaced  at  its  upper  end  and  lies  obliquely 
over  the  edges  of  the  cotyledons.  This  is  carried  further  in  H. 
polifohum,  and  the  broadly  oval  cotyledons  ai-e  almost  strictly 
accumbent,  lying  in  the  broader  plane  of  the  seed  mth  their 
edges  to  the  hilum.  The  radicle,  as  in  all  the  other  species 
examined,  is  longer  than  the  cotyledons,  in  some  instances 
about  twice  as  long. 

Cotyledons. — There  are  two  leading  types  of  cotyledons 
represented  by  the  two  leading  genera,  Cistus  and  Helianthe- 
mum ;  in  the  former  they  are  comparatively  narrow,  in  the 
latter  broad.  Taking  Cistus  lam'ifolius  (fig.  186)  as  an  illus- 
tration, the  cotyledons  are  linear-lanceolate,  obtuse  or  subacute, 
entire,  flat  or  convex  above,  and  subrevolute  at  the  margins, 
dotted  with  minute  scales  on  both  surfaces,  otherwise  glabrous, 
deep  green,  opaque,  with  an  indistinct  midrib,  narrowed  at  the 
base  or  shortly  petiolate,  and  connate  forming  a  little  cup 
surrounding  the  plumule.  The  seed-leaves  of  C.  undulatus, 
C.  ladaniferus,  and  C.  albidus  agree  closely  in  all  the  leading 
characters  with  the  above,  except  that  in  C.  undulatus  they 
are  less  distinctly  petiolate.  It  may  also  be  noted  that  the 
hypocotyl  of  the  latter  is  finely  pubescent,  as  are  both  the 
hypocotyl  and  petioles  of  the  cotyledons  in  C.  albidus. 

The  broad  type  of  cotyledons  may  be  represented  by  Hehan- 
themum  vulgare  or  H.  apenninum  (fig.  187).  They  are  broadly 
oblong  or  obovate  in  the  latter,  distinctly  petiolate,  entire,  tri- 
nerved  in  the  basal  half,  but  indistinctly  so  upwards,  with  the 
lateral  nerves  running  parallel  to  the  margin,  deep  green,  and 
glabrous  with  the  exception  of  the  petioles,  which  are  thinly 
hairy.  The  hypocotyl  is  also  pubescent.  The  cotyledons  of 
H.  vulgare  are  broadly  oval  or  subobovate,  and  one-nerved,  but 
otherwise  correspond  closely  to  those  of  H.  apenninum.  The 
lateral  veins  probably  exist,  although  indiscernible  owing  to  the 
opaque  character  of  the  cotyledons.  These  are  oval-oblong, 
very  large  and  one-nerved,  with  hairy  petioles  shortly  connate 
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at  the  base  in  H.  rosmarinifolium.  and  form  a  contrast  to  the 
narrow  leaves  of  the  species.  In  germination  the  testa  in 
Cistus  and  Hehanthemum  sphts  widely  to  allow  the  exit  of  the 
cotyledons. 

Cistus  laurifolius,  L. 

jPrmi  a  one-celled,  many-seeded,  loculicidal  capsule. 

Seeds  numerous,  on  the  parietal  placentas, po  ygonal,  pale  brown, 
glabrous  on  a  long  funicle  ;  hilum  at  the  basal  end ;  raphe  none ; 
lalarr'ather  prominent  and  projecting  into  the  mterior  of  the  seed. 

Zt'rsptlircoiled,  eccentric,  pale  yellow,  very  large  for  the 

.eed  cotyledons  linear,  obtuse,  entire,  equal,  the  mner  one  bemg 
seea ,  cuuj^  ^^^^  ^^^^  ^^.^^^  ^^^^        ^^^^^^  situated 

with  their  backs  to  the  placenta,  and  their 
edges  towards  the  sides  of  the  seed,  plano- 
convex, or  semiterete  ;  radicle  cylindrical, 
obtuse,  stout,  somewhat  shorter  and  nar- 
rower than  the  cotyledons. 
Seedling  (fig.  186). 

Hypocotyl  erect,  terete,  glabrous,  13-18 

mm.  long. 

Cotyledons  linear-lanceolate,  obtuse  or 
subacute,  entire,  flat  or  convex  above,  and 
subrevolute  at  the  margms,  dotted  with 
minute  scales  on  both  surfaces,  otherwise 
glabrous,  deep  green,  opaque,  with  an  indis- 
tinct midrib,  narrowed  to  the  base  and  per- 
fohate,  formmg  a  httle  cup  round  the  plu- 
mule, 6-5-8  mm.  long,  1-75-2-25  mm.  broad. 

Stem  erect,  terete,  steUately  bairy,  pale 
green,  ultimately  shrubby ;  1st  internode 
2-5-6-5  mm.  long. 

First  leaves  simple,  entire,  caulme, 
opposite,  decussate,  exstipulate,  petiolate,  with  a  few  l^airs  o^both 
surfaces  alternately  and  ascendingly  pennmerved ;  petioles  very 
Tort  channelled  above,  perfoliate  or  connate  at  the  base  formmg 

'""fr^r  small,  lanceolate,  obtuse,  enthe,  subtrinerved  at  the 
base,  otherwise  alternately  pennmerved. 
2nd  pair  similar. 


Fig.  186. — Cistus  lauri- 
folius,  X  2. 
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Cistus  undulatus,  Dunal. 

Hypocotyl  12-18  mm.  long,  finely  pubescent,  reddish. 

Cotyledons  linear-lanceolate,  acute,  tapering  at  the  base  but 
scarcely  petiolate,  entire,  glabrous,  light  green,  indistinctly  one- 
veined. 

Stem  herbaceous,  pubescent ;  Ist  internode  1-2  mm.  long,  light 
green. 

First  leaves  entire,  linear-lanceolate,  acute,  tapering  to  the  base, 
sessile,  pubescent,  hght  green,  one-veined. 

Cistus  ladaniferus,  L. 

Hypocotyl  glabrous,  5-8  mm.  long,  reddish. 

Cotijleclons  linear,  subacute,  otherwise  as  in  C.  undulatus. 

Stem  as  in  G.  undulatus. 

First  leaves  linear-oblong,  shortly  petiolate,  shghtly  hairy,  green, 
distinctly  one-veined. 

Cistus  albidus,  L. 

Hijpocotyl  finely  pubescent,  5-10  mm.  long,  stained  with 

red. 

Cotyledons  obtuse,  glabrous  with  a  few  hairs  towards  the  base, 
dark  green,  otherwise  as  in  C.  undulatus. 

Stem  as  in  C.  undulatus. 

First  leaves  oblong,  obtuse,  tapering  to 
the  base,  cihated,  finely  pubescent,  dark 
green,  pinnatinerved. 

Helianthemum  apenDinum,  DC.  (fig. 
187). 

Hypocotyl  erect,  terete,  pubescent,  1-5- 
2  cm.  long,  reddish  immediately  above  the 
ground,  becoming  light  green  near  the 
cotyledons. 

Cotyledons  oblong  or  slightly  obovate, 
4-5  mm.  long,  petiolate,  entire,  obtuse, 
glabrous  but  with  a  few  hairs  on  the  petiole,  dark  green  tinged  with 
red  beneath  ;  midrib  and  two  indistinct  lateral  veins  running  parallel 
to  the  edges  conspicuous  in  the  basal  half. 

Stem  herbaceous,  erect,  terete,  pubescent. 

First  leaves  simple,  entire,  cauline,  opposite,  stipulate,  lance- 
olate, obtuse,  pubescent,  light  green,  with  a  prominent  midrib. 


Fig.  187. — Helianthemitm 
apenninum,  x  2. 
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Helianthemum  vulgare,  Gaertn. 

Priviary  root  long,  tapering,  with  fleshy,  stout,  lateral  rootlets, 
generally  stouter  than  the  primary  one. 

Hypocotyl  erect,  terete,  hairy,  reddish,  sometimes  decumbent 
(perhaps  accidental)  at  the  base. 

Cotyledons  broadly  oval  or  subobovate-oval,  rounded  and  obtuse 
at  both  ends,  opaque  green,  one-nerved  ;  lamina  4-5-5-5  mm.  long, 
3-4-5  mm,  broad;  petiole  subterete,  slightly  channelled  above, hairy, 

reddish,  about  2  mm.  long.  .     ,  .  , 

Stem  shrubby,  erect,  ultimately  decumbent,  wiry,  hairy  or  gla- 
brous, but  reddish  and  hairy  in  seedling  stage  ;  1st  internode  3  mm. 

^^''^eaves  shortly  petiolate,  subperfohate  at  the  base,  more  or  less 
hairy  on  both  surfaces  and  margin  when  young  with  bulbous-rooted 
hairs,  ultimately  glabrous  or  hairy  in  different  varieties  ;  petioles 
subterete,  narrowly  channelled  above,  glabrous,  or  hairy  at  least 
when  young  ;  stipules  lanceolate,  obtuse,  shghtly  hairy,  ultimately 
Unear-lanceolate,  acute,  deep  green,  shining,  hairy  or  glabrous, 
according  to  the  leaves.  -n;,!  f 

1st  pair  lanceolate,  obtuse,  channeUed  along  the  middle  of  the 
upper  surface,  with  a  prominent  midrib. 

Ultimate  leaves  oblong,  obtuse  or  obtusely  subcuspidate,  more 
or  less  revolute  at  the  margin,  with  a  strong  midrib,  sunk  on  the 
upper  surface  and  prominent  beneath,  deep  green,  and  shimng 
above  when  devoid  of  hairs,  paler  beneath  ;  but  when  hairy  they 
are  greyish  above,  and  more  or  less  hoary  or  white  beneath. 

Helianthemum  rosmarinifolium,  Ptorsh. 

Cotyledons  large,  oval-oblong,  obtuse,  deep^  green  above  red 
beneath,  glabrous  except  the  petiole ;  lamina  with  a  famt  midrib 
eTmm.  long,  3-5-4-5  mm.  wide;  petiole  hairy,  shghtly  channeUed 
above  2-3  mm.  long,  shortly  connate  at  the  base.  ^    ^     ^    .  , 

Stem  ultimately  shrubby  ;  1st  internode  gradually  developmg  to 

a  Ipneth  of  1,  2,  or  3  mm.  ,  ,  , 

lZss  liie^.  with  stellate  hairs  at  least  in  the  young  sUte 
deeply  channelled  abow,  carinate  beneath  and  revolute  at  the 
margins. 
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VIOLARIEiE. 

Bentb.  et  Hook.  Oen.  PL  i.  114. 

Fndt  and  Seed. — The  ovary  is  free  and  one-celled  with  typi- 
cally three  parietal  placentas  as  in  Viola.  The  ovules  are 
generally  numerous,  one  to  two  as  in  Hymenanthera,  Scyphel- 
landra,  and  Isodendrion,  anatropous  and  arranged  along  the 
slender  placentas.  The  fruit  is  a  capsule  and  splits  loculicidally, 
more  rarely  septicidally,  by  as  many  valves  as  there  are  carpels. 
In  Leonia,  Gloiospermum,  Tetrathylacium,  Melicytus,  and 
Hjmienanthera  it  is  however  baccate  and  indehiscent.  The 
seeds  are  obovoid  or  subglobose  and  fixed  to  the  placentas 
by  very  short  funicles ;  the  raphe  is  in  some  cases  much 
thickened  and  separates  from  the  fruit  when  mature,  form- 
ing an  arillus ;  the  testa  is  usually  crustaceous,  coriaceous, 
and  shining  as  in  Viola  itself,  rarely  membranous.  The  endo- 
sperm is  copious  and  fleshy  except  in  the  case  of  Corynostylis, 
where  it  is  reduced  to  a  thin  layer.  The  embryo  as  far  as 
observed  is  straight,  central,  somewhat  club-shaped,  nearly 
equalling  the  endosperm  in  length  ;  the  cotyledons  are  plano- 
convex or  flat,  and  generally  moderately  broad,  longer  or 
shorter  than  the  radicle  and  distant  from  the  hilum.  They 
are  unusually  narrow  in  the  species  of  Hymenanthera  and 
very  short  in  the  Sauvagesiese. 

Viola  tricolor  and  V.  sylvatica  may  be  taken  as  typical  of 
the  Order.  They  have  obovoid,  smooth  seeds ;  and  the  cotyledons 
of  the  latter  before  germination  are  oval,  obtuse,  entire,  plano- 
convex, and  about  the  same  length  as  the  terete,  obtuse  radicle. 

Variations  from  the  type  occur  in  Corynostylis,  with 
flattened,  rugose,  nearly  orbicular  seeds ;  they  are  flattened, 
orbicular,  and  broadly  wmged  in  Anchietea ;  flattened,  winged,' 
and  unbricate  in  Agation  ;  and  small  with  an  orbicular  wing 
and  a  membranous  testa  in  Schuurmansia.  They  are  globose 
or  nearly  so  in  Paypayrola,  Alsodeia,  Leonia,  Melicytus, 
Tetrathylacium,  Hymenanthera,  and  Scyphellandra. 

Several  methods  of  dispersal  of  the  seeds  occur  in  this 
Order.  As. already  mentioned,  some  have  winged  seeds.  I  have 
observed  that  ants  sometinaes  carry  the  seeds  of  Viola  into 
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their  nesto,  and  I  am  inclined  to  suspect  that  they  mistake 
them  for  the  pupas  of  other  ants. 

Some  Yiolets  throw  their  seeds.  In  the  Dog  Violet 
(V  canina)  the  capsules,  though  pendent  yhen  young,  at 
ZitZtj  raise  themselves'  above  the  rest  of  the  p  ant,  and 
ran  hy  three  equal  valves  resembling  an  mverted  tripod.' 
Each  valve  contams  a  row  of  three,  four,  or  five  brown, 
fmooth  pear-shaped  seeds,  slightly  flattened  at  the  upper, 
Tder  end.  The  two  walls  of  each  valve,  as  they  become 
Iriet  cTntract,  and  approach  one  another  thus  ending  to 
snueeze  out  th^  seeds.    These  resist  some  time,  but  at  length 

hrattachment  of  the  seed  to  its  base  gives  way,  and  it  s 
elcted  sevSal  feet,  this  being  no  doubt  much  facilitated  by  its 

torn  and  smoothness.  I  have  knov,n  even  a  gathered  specmien 

'''rtrothThliXin  viola  hirta  the  capsules  hang  down, 
and  it  has  been  said  actually  bury  themselves  m  the  groimd. 
^ow  we  naturally  ask  ourselves  ■  what  is  the  reason  for  tin 
difference  between  the  species  of  Violets ;  why  do  V.  odorata  and 
V  hiria  oonceal  their  capsules  among  the  moss  and  leaves  on 
L^round  while  V.  canLa  and  others  erect  then-s  and  thiw 
the  gro™a  ™  jj       arrangement  be  best  for  Viola 

the  seeds  to  a  distance  ^  ^  ^  ^  ^^^^ 

canma,why  hasnotV^  odo  ^^^^^^  ^^^^  ^^^^ 

I      Z  spec  es  ™     a^ina  is  a  ptot  with  an  elongated 

Z  and  it  IS  eTsy  therefore  for  the  capsule  to  raise  itself  above 
stem,  and  it  is  easy  J 

froteata  »d  "a  ou  the  contrary,  have  in  ordinary 

^o  stem  and  the  leaves  are  radical,  i.e.  rising  fi'om 

r  r  Th  sTs'Ileast  the  case  in  appearance,  for,  botani- 
the  root.    This  is  a  ^  ^^^^^^  ^^^^^ 

eally  speaking,  J^^^  gweet  Violet  attempted  to 

under  these  —t^^^^^^^^^  ^1  .efficiently  elevated,  the 

shoot  Its  ^"^tolgainst  some  neighbouring  leaf,  and 

seeds  -"f  fX^t/tt  lionnd.    Hence.  I  think,  we  see  that 
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belong  to  the  genus  Viola.    The  cotyledons  of  V.  tricolor  (fig. 

188)  are  broadly  oval,  obtuse,  entire,  andjoetiolate.  The  lamina 
is  proportionately  longer  and  narrower  in  V.  canina,  and  V. 
palustris  (fig.  189),  where  it  is  oblong,  obtuse,  and  in  the  latter 
mucronulate.  The  variations  from  these  types  are  probably 
slight  except  in  the  cases  of  narrow  or  short  cotyledons  as 
mentioned  above. 

Viola  tricolor,  L.  (fig.  188). 

Primary  root  tapering,  colourless,  long,  giving  off  lateral  rootlets, 
annual. 

Bypocotyl  tapering  indistinguishably  into  the  root,  subterranean, 
colourless. 

Cotyledons  oval,  ob-  3 
tuse,  glabrous,  petiolate ; 
lamina  6  mm.  long,  3-5 
mm.  broad. 

Stem  developed 
when  about  to  flower, 
herbaceous,  annual;  1st, 
2nd,  and  3rd  internodes 
undeveloped ;  4th  1-5 
mm.  long  ;  6tb  1  mm. 
long. 

Leaves  simple,  radi- 
cal and  cauline,  alter- 
nate, stipulate,  petiolate, 
glabrous,  or  finely  pub- 
escent at  the  margins, 
deep  green  above,  paler 
beneath ;  petioles  chan- 
nelled on   the  upper 
side,  and  scaberulous,  or 
finely  pubescent,  along 
the  edge  of  the  channel ; 
stipules  large,  fohaceous, 
unequally  lyrate-pinna- 
tifid  or   -partite,  with 

linear  obtuse,  or  oblanceolate-linear  segments-the  middle  lobe 

o  2 


Fig.  188.— FioZa  tricolor.    Nat.  size. 
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No.  3.  Oblong-cordate,  obtuse,  more  deeply  crenate. 
■     No.  4.  Cordate,  obtuse,  rather  deeply  crenate. 

No.  5.  A  little  more  elongated  than  No.  4. 

No.  6.  Cordate-ovate,  rather  deeply  crenate. 

Ultimate  leaves  oblong-lanceolate,  obtuse,  serrate-crenate,  or  the 
uppermost  lanceolate,  elongated  and  narrowed  to  an  obtuse  pomt. 
S  long  ascending  lateral  veins  ;  stipules  fohaceous,  very  large,  pm- 
Tately  dfvided  neafthe  base,  with  the  greatest  number  of  lobes  on 
the  posterior  side  and  almost  surroundmg  the  stem. 

Viola  palustris,  L.  (fig.  189). 
Primary  root  as  in  V.  tricolor. 
Hypocotyl  as  in  V.  tricolor. 


lQQ,^Viola palustris.  Nat.  size. 


CoMms  oblong,  obtuse,  muoromilate,  glabrous ;  lamma  6  mm. 
,  broad   petiole  ohaj^nelled  above,  8-5  mm.  long. 

%ll  Saceou ;:pLmrial,  with  undeveloped  node.  a.d  tbro.^ 
ing  ornumerous  stoloniterous  branches  from  the  arf  of  the  a>st 

'"Vrr^laicalandcaulineonthestolons,conspicuou2^^ 
.    Ti     ofi,.n1P^  small  ovate,  serrulate,  green,  mottled  withied, 
d  aTove!  glabrous,  pale  green,  mottled  with  r.d. 
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Nos.  1-3.  Reniform,  rounded  at  the  apex,  three-  to  five-nerved, 
shallowly  crenate. 

Nos.  4  and  5.  Eeniform,  obtusely  angled  at  the  apex  ;  five-nerved 
on  the  lower  half,  shallowly  crenate. 

Ultimate  leaves  rather  large,  reniform,  rounded  at  the  apex, 
shallowly  crenate,  seven-  to  nine-nerved  and  reticulate. 


CANELLACEiE. 

Benth.  et  Hook.  Gen.  PI.  i.  121. 

Fruit  and  Seed.— The  ovary  is  free,  one-celled,  with  two 
to  five  parietal  placentas,  and  contains  from  two  to  many 
ascending  or  horizontal  ovules  that  are  nearly  but  not  quite 
anatropous.  The  fruit  is  indehiscent  and  a  berry,  and  as  is 
frequent  in  such  cases  the  testa  of  the  seed  is  hard  or  crusta- 
ceous,  smooth  and  shining.  Each  berry  contains  from  two  to 
many  seeds  according  to  the  species.  The  embryo  is  large, 
straight,  or  shghtly  curved  with  oblong  cotyledons  and  a  short 
radicle  situated  close  to  the  hilum,  and  is  embedded  in  a 
fleshy,  oily  endosperm. 

No  seedlings  have  come  under  my  observation. 


BIXINE.E. 

Benth.  et  Hook.  Gen,  PI.  i.  122. 

Fruit  and  Seed. — The  ovary  is  superior,  syncarpous,  and 
made  up  of  from  two  to  many  carpels  with  as  many  parietal 
placentas,  one-,  rarely  many-celled,  as  in  Flacourtia  and  Amo- 
reuxia.  The  ovules  are  amphitropous  or  anatropous,  rarely  one, 
seldom  two,  generally  many  on  each  placenta ;  Aphloia  is  ex- 
ceptional in  having  only  one  placenta  and  few  ovules.  The  fruit 
is  dry  and  capsular  or  baccate  and  indehiscent.  Sometimes 
it  is  spiny  resembling  that  of  iEsculus  or  some  species  of 
Datura,  as  is  the  case  with  Bixa  and  DendrostyHs. 

The  seeds  are  usually  globose  or  obovoid ;  but  there  are 
exceptions,  the  most  remarkable  of  which  occurs  in  Cochlo- 
spermum,  the  species  of  which  have  reniform  or  spiral  seeds 
covered  with  long  hairs  or  woolly  on  all  sides;  the  testa  itself 
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is  horny.  In  most  cases,  however,  the  seeds  are  smooth,  while 
in  Bixa  and  Dendrostylis  they  are  covered  with  an  arU  or  pulp. 
The  interior  is  filled  with  a  copious,  fleshy  endosperm  surround- 
ing the  embryo.  The  seeds  are  arillate  in  Eyania  and  Lsetia, 
and  furnished  with  an  arilloid  membranous  coat  in  Erythrosper- 
mum.  They  are  more  or  less  compressed  in  Bixa  and  Oncoba. 
Those  of  Aberia  are  densely  covered  with  a  villous  tomentum. 

The  embryo  is  axile  and  straight  or  curved  according  to  the 
form  of  the  seed,  to  which  it  conforms  to  a  certain  degree,  being 
curved  in  the  curved  seeds  of  Aphloia,  and  longitudinally 
grooved  m  Bixa,  apparently  owing  to  the  raphe  being  deeply 
sunk  in  the  side  of  the  seed.    This  is  best  observed  m  trans- 
verse section.     The  embryo  is  always  comparatively  large 
and  nearly  equals  the  endosperm  both  in  length  and  breadth, 
but  not  in  thickness,  and  the  cotyledons  are  flat,  and  more  or 
less  cordate.  The  seeds  of  Pangium  edule  are  bluntly  triangular 
vertically,  and  in  longitudinal  section  the  embryo  is  also  seen 
to  be  of  great  size  with  bluntly  triangular  cotyledons,  traversed 
longitudinally  by  five  to  seven  diverging  nerves.    They  are 
faintly  notched  or  subcordate  at  the  base;  and  the  radicle  is 
extremely  short. 

Cochlospermum  Gossypium,  DC.  (fig.  190). 

Hypocotyl  erect,  stout,  subfleshy,  glabrous,  pale  green,  about 

12-16  mm.  above  the  soil. 

Cotyledons  linear-oblong,  obtuse  or  subacute,  glabrous,  petiolate, 
seven-  to  eleven-nerved  from  the  base  or  near  it,  shghtly  unequal ; 

lamina  of  the  larger  one 
about  4-7  cm.  long,  1-05 
cm.  wide ;  of  the  shorter 
one  4-5  cm.long,and  1-05 
cm.  wide;  petioles  chan- 
nelled above,  connate  at 
the  base,  shghtly  scurfy 
with  brown  scales  or 
glands,  10-11  mm.  long. 

Stem   erect,  terete, 
glandular  -  scurfy  and 
slightly  pubescent,  much 
thinner  in  the  seedUng  stage  than  the  hypocotyl;  1st  internode 
6  mm  long  ;  2nd  10  mm. ;  8rd  3  mm.,  and  the  next  two  or  three 
also  short. 


Fig.  190.— Cochlospermum  Gossypium. 
Half  nat.  size. 
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Leaves  simple,  cauline,  alternate,  stipulate,  petiolate,  palmately- 
nerved  and  lobed,  thinly  glandular- scurfy  along  the  nerves  on  both 
surfaces;  petioles  subterete,  slightly  channelled  on  the  upper  surface, 
glandul ar- scurfy ;  stipules  small,  subulate,  acute,  soon  becoming 
brown. 

No.  1.  Ovate  or  subelliptic,  coarsely  serrated  above  the  middle 
or  subtrifid  with  alternate  ascending  nerves. 

Nos.  2-4.  Palmately  five-nerved  and  trilobed,  or  the  8rd  and  4th 
slightly  five-lobed ;  lobes  triangular,  obtuse,  and  rounded  or  acuminate 
and  subacute,  crenate- serrate,  with  the  terminal  lobe  the  largest. 

No.  5.  With  more  elongated  and  more  ovate  leaves,  otherwise 
similar. 

Note. — The  seed  of  Cochlospermum  is  cochleate-reniform  or 
spiral.  The  embryo  is  incurved  and  the  cotyledons  ovate  while  still 
in  the  seed,  which  would  account  for  their  unusually  elongated  cha- 
racter after  germination.  The  cotyledons  of  other  members  of  the 
Order  coming  under  my  notice  are  short  and  very  broad  or  rounded. 

Aberia  calFra,  Hook,  et  Meyer  (fig.  191). 

Hypocotyl  erect,  terete,  minutely  pubescent,  pale  green,  2-5- 
8*5  cm.  long. 

Cotyledons  broad,  almost  rotund-obovate,  foHaceous,  petiolate, 
glabrous,  entire  or  incipiently  emarginate,  alternately  and  incurvedly 
penninerved  (each  nerve  uniting  with  the  one  next  above  it),  reti- 
culate, bright  shining  green  above, 
paler  beneath ;   petiole  slightly 
channelled  above,  minutely  pub- 
escent, subperfohate  at  the  base, 
2-5-8  mm.  long;    lamina  2-2- 
2-5  cm.  long,  1-8-2  cm.  wide. 

Stem  erect,  terete,  finely  pub- 
escent, pale  green,  ultimately 
shrubby  ;  1st  internode  4-5  mm. 
long. 

Leaves  simple,  cauline,  alter- 
nate (1st  and  2nd  opposite), 
stipulate,  petiolate,  alternately 
penninerved,  with  each  nerve 
ascending  at  an  acute  angle,  and 
uniting  with  the  one  next  above  it,  hairy  on  both  sides,  light 
green  ;  petioles  very  short,  flattened  above,  hairy  ;  stipules  minute 
tooth-hke  at  the  base  of  the  petioles. 

Nos.  1  and  2.  Oblanceolate-oblong,  tapering  to  the  base,  emargi- 
nate,  with  a  small  tooth  or  muQro  in  the  notch. 


Fig.  191.— Aberia  caffra.  Nat.  size. 
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riTTOSPOKEvE. 

Benth.  et  Hook.  Gen.  PI.  i.  130. 


FruU  and  Seecl.-The  ovary  is  free,  syncarpous,  consisting 
of  two  carpels,  more  rarely  of  three  to  five,  and  is  one-celled  mth 
parietal  placentas,  or  the  placentas  are  sometimes  so  nanch 
intruded  as  to  form  septa.    The  ovules  are  numerous,  hori- 
zontal, anatropous.    The  fruit  is  dry  and  dehisces  locuhcidally, 
while  the  valves  sometimes  hreak  away  from  the  dissepiments, 
or  baccate  and  indehiscent.    The  seeds  are  numerous  rarely 
few  or  solitary  in  the  cells,  and  filled  with  a  copious  hard  endo- 
sperm    The  testa  is  thin  and  smooth,  rarely  rugose-muricate 
and  often  black.    The  embryo  is  very  minute  and  embedded 
in  the  endosperm  close  to  the  hilum.  _  _ 

The  embryo  in  Pittosporum  undulatum  is  a  minute 
nodular  mass  with  hardly  discernible  cotyledons  situated  or 
embedded  in  the  endosperm  at  the  base  of  the  reniform  seed 
near  a  notch  or  depression  at  the  hilum.  far  as  form  is 
concerned  it  cannot  be  much  influenced  by  the  shape  of  the 
seed  before  germination.  The  seeds  of  Hymenosporum  are 
flattened,  reniform,  and  girt  with  a  membranous  wmg. 

CotyUdons.-As  in  the  case  of  the  seed-leaves  in  other 
Orders  having  a  copious  endosperm,  whether  the  embryo  is 
large  or  small  while  yet  in  the  seed,  the  cotyledons  after  germ- 
Ltion  attain  a  considerable  size.    They  vary  f-m  hne^^^^^^^^ 
linear-lanceolate,  lanceolate,  or  oblanceola te.    ^^^  ^^^^^^ 
ones  are  characteristic  of  Pittosporum,  the  type  of  the  Older 
In  P  phillyrseoides  (fig.  192)  they  are  linear-lanceolate,  acute 
essi  e  or  narrowed  to  a  very  short  petiole,  han-y  on  the  midi-ib 
beneath,  the  midrib  only  being  discernible.    They  are  rath 
perstte^t  and  with  the  exception  of  the  venation  resemble 
vprv  closelv  the  first  six  leaves. 

C  other  two  species  observed  are  very  exceptional  »d 
somewhat  remarkable  in  character,    ^he  co  y  edon   o  P 
cra^sitolium  are  four  in  number,  oblanceolate,  narioweo 
n  hort  petiole,  mucronate,  rather  unequal  and  apparent  y 
consisting  of  tw^  divided  to  the  base,  pubescent  on  both 
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surfaces,  ciliate,  rather  persistent,  with  a  sunk  midrib  and 
obscurely  reticulate,  and  resemble  in  form  the  leaves  that  follow, 
but  are  very  much  smaller.  Those  of  P.  erioloma  are  five  in 
number,  whorled,  lanceolate,  membranous,  shortly  petiolate, 
pubescent  and  penninerved  like  the  leaves  that  follow,  but 
larger. 

A  type  distinct  from  the  above  is  exhibited  by  Billardiera 
longiflora  and  B.  fusiformis.  In  the  former  (fig.  194)  the  coty- 
ledons are  linear,  acute,  broadest  above  the  middle,  narrowed 
to  the  base,  but  not 
very  distinctly  petio- 
late, with  a  scarcely 
discernible  midrib,  gla- 
brous, and  12-5-22  mm. 
long.  The  seed-leaves 
of  B.  fusiformis  are 
linear,  acute,  glabrous, 
one-veined,  sessile,  and 
about  the  same  length 
as  those  of  B.  longi- 
flora. 

Pittosporum  philly- 
raeoides,  DC.  (fig.  192). 

Mypocotyl  erect, 
terete,  glandular-pubes- 
cent, deep  red,  3-4*5  cm. 
above  the  soil. 

Cotyledons  linear-lan- 
ceolate, acute,  sessile  or 
narrowed  to  an  extremely 
short  petiole,  light  green, 
pubescent  on  the  midrib 
beneath,  otherwise  gla- 
brous, sHghtly  channelled 
at  the  base  on  the  upper 
side,  and  subcarinate  on  the  under  side,  with  midrib  only  discernible, 
about  24  mm.  long,  4-5  mm.  wide. 

Stem  erect,  terete,  pubescent  with  adpressed  hairs,  deep  red, 
somewhat  flexuous  ;  1st  internode  1-5  mm.  long  ;  2nd  2  mm. ;  8rd 
3'25  mm.  ' 


Fig.  192. — PUtosporum  phillyrcBoidea. 
Nat.  size. 
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Leaves  simple,  entire,  cauline,  alternate,  exstipulate,  shortly 
petiolate,  alternately  penninerved,  with  the  nerves  uniting  at  their 
apex  and  forming  a  continuous  intramarginal  line,  glabrous,  coria- 
ceous, deep  green  above,  pale  beneath,  shining  on  both  surfaces; 
petioles  short,  channelled  above,  terete  on  the  back. 

No.  1.  Lanceolate-oblong,  cuspidately  acute. 

No.  2.  Similar,  larger.  _ 

Nos.  3-6.  Lanceolate-linear,  acute,  or  acuminate,  gradually 

longer. 

Pittosporum  parviflorum,  Putterl. 

Hypocokjl  glabrous.  , 
Cotyledonstwo  to  three, lanceolate, obtuse, glabrous,  shortlypetio- 
late,  obscurely  penninerved,  reticulate,  fohaceous,  rather  persistent. 
Stem  terete,  erect,  soon  becoming  woody. 

First  three  leaves  obovate-lanceolate,  entire,  smaU,  cuneate  at 
the  base. 

Pittosporum  crassifolium  (?),  Banks  et  Sol.  (fig.  193). 
Hypocotyl  3-4  cm.  long,  a  little  over  1  mm.  thick,  woody,  covered 
to  the  very  base  with  a  purplish  pubescence  (like  Gynura  auran- 

^^^"^ Cotyledons  two,  three,  or  four,  opposite  or  whorled,  nearly  equal, 
shortly  petioled,  1  '5-2  cm.  long,  about  1  cm.  broad,  nearly  flat,  oblan- 
ceolate,  produced  at  the  base,  with  a  short  blunt  mucro  at  the 
obtuse,  shghtly  recurved  apex,  penninerved,  with  sunk  midnb  and 
obscurely  reticulate  veins,  hairy  on  both  sides,  cihated  on  margm 
and  petiole,  light  green,  rather  persistent. 

Stem  like  the  hypocotyl,  but  darker  and  tomentose. 

Leaves  penninerved  with  the  branches  ascending,  branchmg  or 
incurved  towards  the  tip,  reticulate,  with  the  principal  nerves  sunk 
on  the  upper  surface,  glabrous  above,  pubescent  or  tomentose  on  the 
margin,  tomentose  beneath  with  a  prominent  venation;  petioles 

short,  semiterete. 

Nos  1  and  2.  Eotund-obovate,  cuneate  at  the  base. 

Nos.  3  and  4.  Obovate,  obtuse,  gradually  becoming  larger  up- 

NoTE.-I  was  at  first  disposed  to  think  that  the  number  of  coty- 
ledons in  this  species  might  be  an  accidental  variation.  Th«^«  ^-^^ 
other  cases  where  occasionally  three  cotyledons  occur  ^^tead  of  two 
In  Acer  Pseudo-Platanus,  for  instance,  this  is  not 
case,  and  I  have  observed  that  such  specimens  occur  especially  often 
in  the  produce  of  particular  trees. 
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Pittosporum  erioloma,  Moore  et  F.  Muell. 

A  seedling  of  this  species  also  had  five  lanceolate,  subacute, 
entire,  pubescent,  nearly  sessile  cotyledons. 

Billardiera  longiflora,  Labill.  (fig.  194). 

Hypocotyl  erect,  terete,  glabrous,  brownish-purple,  shining, 
14-27  mm.  above  the  soil. 


Pig.  193. — Pittosporum  crassifolium.   Nat,  size. 


Cotyledoyis  linear,  acute,  or  cuspidate,  broader  above  the  middle, 
narrowed  to  a  slender,  petiole-like  base,  deep  green  and  shining 
above,  with  a  scarcely  discernible  midrib,  paler  beneath,  12-5-22  mm. 
long,  -75-2  mm.  wide  at  the  broadest  part. 

Siem  erect,  terete,  somewhat  flexuose  (at  least  when  young),  pale 
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green  or  soon  becoming  brownish-purple,  pubescent,  with  hooked, 
bent,  or  branched  hairs,  ultimately  shrubby,  twining  ;  Ist  mternode 

and  frequently  the  2nd  unde- 
veloped; 2nd  when  developed 
1-2  mm.  long  ;  8rd  3-5-4-5  mm. ; 
4th  2-3  mm. 

Leaves  simple,  cauline,  alter- 
nate (first  and  second  often  oppo- 
site), exstipulate,  petiolate,  alter- 
nately penninerved,  with  the  nerves 
running  straight  into  the  lobes  or 
teeth,  somewhat  pubescent  on  the 
margins  and  nerves,  especially 
when  young,  with  bent,  kneed,  or 
forked  hairs,  deep  green  and  shin- 
ing above,  pale  beneath  ;  petioles 
channelled  above,  convex  on  the 
back,    sHghtly  pubescent,  deep 
green. 

Nos.  1  and  2.  Triangular,  tri- 
lobed;  lateral  lobes  cuneate,  bi- 
dentate;   middle  lobe  entire  or 
tricuspidate.    In  very  small  weak  seedlings  the  first  two  leaves  are 
freauentlv  merely  cuneate,  tricuspidate. 

Nos  3  and  4.  Triangular-ovate,  trilobed,  longer  and  larger  than 
the  first  two  ;  middle  lobe  trifid  or  coarsely  serrate;  lateral  lobes 
bifid  or  serrate,  mostly  on  the  posterior  side. 

Billardiera  fusiformis,  Labill. 

Hvpocotyl  as  in  B.  longiflora,  stained  red,  8-15  mm.  long. 
cdyledons  long,  Hnear,  acute,  tapering  to  the  base  but  scarcely 
petiolate,  dark  green,  glabrous,  one-vemed. 
Rfem  with  primary  internodes  undeveloped. 
7!Zkavl  alternate,  ovate-oblong,  obtuse,  lobed,  coarsely  and 
obtusely  serrate,  glabrous,  green,  pinnatmerved. 


Fig.  194. — Billardiera  longiflora. 
One-sixth  over  nat.  size. 


TREMANDRE^. 

Benth.  et  Hook.  Ocn.  PI.  i.  133. 


FruU  and  Seed.-The  ovary  consists  of  two  carpels,  and  is 
two-celled  with  one  to  three  pendulous  anatropous  ovules  m 
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each  cell  attached  close  to  the  apex  of  the  axile  placentas.  The 
raphe  is  ventral.  There  are  three  genera  belonging  to  the 
order  ;  one,  Tetratheca,  includes  twenty  species,  the  ovaries  of 
which  have  from  one  to  three  ovules  in  each  cell.  When  there 
are  two  they  are  superposed,  but  the  third  one  is  collateral. 
The  fruit  is  a  capsule  dehiscing  along  the  middle  of  each 
carpel,  and  the  seeds  have  a  shell-shaped  twisted  aril-like 
appendage  at  the  chalaza.  The  testa  is  crustaceous,  and  in 
Tetratheca  and  Tremandra  sparingly  pilose.  The  seeds  of 
Platytheca  gaHoides  are  solitary  in  each  cell  and  smooth. 

The  embryo  is  close  to  the  hilum  and  embedded  in  a 
moderately  hard  endosperm,  with  the  radicle  superior ;  it  is 
usually  very  small. 

The  Tremandreee  are  slender,  much  branched  shrubs,  with 
alternate,  opposite  or  whorled,  narrow,  and  sometimes  Heath- 
hke  leaves. 


POLYGALE.*:. 

Benth.  et  Hook.  Gen.  PI.  i.  134. 

Fruit  and  Seed— The  pistil  is  superior,  syncarpous,  two- 
celled,  consisting  of  two  carpels.  Exceptions  to  these  general 
characters  occur  in  Xanthophyllum  with  a  one-celled  ovary 
and  parietal  placentas,  while  there  is  only  one  carpel  in 
Securidaca,  several  species  of  Monnina,  and  Krameria.  In 
Trigoniastrum  the  ovary  is  three-celled,  and  in  Moutabea 
often  three-  to  five-celled.  Typically  the  two  cells  each  con- 
tam  one  ovule  suspended  from  the  top  of  the  cavity;  two 
collateral  ovules  occur  in  Krameria ;  and  from  two  to  six  in 
Xanthophyllum.  The  pendulous  and  anatropous  character  is 
constant. 

The  fruit  is  capsular  and  loculicidally,  rarely  septicidally, 
dehiscent,  or  is  dry  or  baccate  and  indehiscent.  That  of 
Securidaca  and  Trigoniastrum  is  a  samara,  that  of  Carpo- 
lobia  and  Mundtia  a  drupe.  The  fruit  of  Xanthophyllum, 
Moutabea,  and  Krameria  is  globose  and  indehiscent.  That 
of  Krameria,  though  primarily  two-ovuled,  is  one-seeded 
and  spiny  or  muricate.     The  seeds  are  pendulous,  with  a 
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crustaceous  testa,  or  velvety  or  pilose  as  in  the  case  of 
Comesperma,  and  often  furnished  with  an  arU  at  the  hilum 
as  in  Polygala.    They  also  contain  a  large  or  small  quantity 
of  endosperm ;  but  in  a  few  abnormal  genera  such  as  Xantho- 
phyllum,  Moutabea,  Krameria,  and  Securidaca,  as  well  as  in 
a  few  abnormal  species  of  Polygala,  there  is  no  endosperm, 
and  the  cotyledons  are  large,  thick  and  fleshy,  so  as  to  fill  the 
seed.     Intermediate  stages  are  met  with  in 
other  species  of  Polygala  and  other  genera 
where  the  endosperm  is  reduced  to  a  thin 
stratum  surrounding  the  fleshy  embryo.  The 
embryo  is  always  axile  and  straight,  with  a 
short  superior  radicle.     The  cotyledons  in 
the  species  of  Polygala  observed  are  oblong 
or  oval,  auricled  at  the  base ;  the  embryo 
nearly  equals  the  endosperm  in  length  and 
width  but  not  in  thickness,  as  the  seed-leaves 
are  flat  or  nearly  so.    In  exalbuminous  seeds 
the  cotyledons  become  plano-convex  and  very 
thick,  so  as  to  fiU  the  seed ;  they  are  then 
more  markedly  auricled  at  the  base  in  order 
to  occupy  the  seed  and  yet  leave  space  for 
the  radicle.    An  instance  may  be  seen  in  a 
section  of  the  fruit  and  seed  of  Krameria. 
Besides  Comesperma  above  mentioned  the 
following  have  more  or  less  hau-y  or  pHose 
seeds,  namely,  Bredemeyera,  Trigoniastrum, 
and  Carpolobia. 

As  regards  the  means  of  dispersion,  the 
fruits  of  Securidaca  and  Trigoniastrum, 
which  are  tall,  generally  climbing  shrubs, 
are  samaras;  while  those  of  Mundtia  are 
fleshy,  edible  drupes ;  and  those  of  Krameria 
bear  a  number  of  hooked  hairs. 

Cotyledons.— The  yellowish-green  colour 
of  the  seed-leaves  of  Polygala  rarifoha  would 
seem  to  indicate  that  they  are  gradually  be- 
coming functionless  after  germination  and  tending  to  be  sub- 
terranean, and  to  act  merely  as  a  storehouse  for  reseive- 


Fia.  195.— Polygala 
rarifolia.  Nat.  size. 
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material.  It  ia  more  than  probable,  although  the  fact  has 
not  come  under  my  notice,  that  in  many  of  the  species  with 
exalbuminous  seeds  the  cotyledons  are  subterranean  after 
germmation. 

Polygala  rarifolia,  DC.  (fig.  195). 

Hypocotyl  suffruticose,  erect,  terete,  pubescent,  pale  green, 
5"5  era.  above  the  soil. 

Cotyledons  broadly  oblong,  obtuse,  shortly  petiolate,  cordate  at 
the  base,  glabrous,  pale  yellowisb-green,  subcoriaceous ;  lamina 

1-  15  cm.  long,  one  of  them  rarely  slightly  smaller,  7  mm.  broad, 
petiole  2  mm.  long. 

Stem  suffruticose,  erect,  terete,  hairy,  pale  green  ;  1st  internode 

2-  0  cm.  long ;  2ud  9  mm.  ;  3rd  8  mm.  ;  4th  1-25  mm. ;  the 
numerous  succeeding  ones  crowded.  Individuals,  however,  differ 
in  the  relative  lengths  of  the  internodes. 

Leaves  simple,  entire,  cauhne,  alternate,  exstipulate,  shortly 
petiolate,  hairy  on  both  surfaces,  pale  green  ;  petioles  terete,  hairy, 
about  1-1*5  mm.  long. 

Nos.  1  and  2.  Oblong,  obtuse,  minutely  cuspidate. 

Nos.  3  and  4.  Linear-oblong. 

Nos.  5-7.  Oblong,  the  numerous  succeeding  ones  linear-oblong, 
obtuse,  minutely  cuspidate. 


FEANKENIACEtE. 

Benth.  et  Hook.  Gen.  PI.  i.  140. 

The  ovary  in  this  small  Order  consists  of  two  to  five 
carpels,  but  three  is  the  most  prevalent  number.  It  is  one- 
ceUed  with  as  many  parietal  placentas  as  there  are  carpels, 
and  the  numerous  small  ovules  are  arranged  in  a  double 
series.  They  are  amphitropous  or  subanatropous,  ascending 
on  long  slender  funicles  with  an  inferior  micropyle.  The  fruit 
is  a  capsule  dehiscing  by  as  many  valves  as  there  are  carpels. 
The  small  seeds  are  oblong  or  obovoid,  with  a  crustaceous  testa 
and  a  linear  raphe. 

The  embryo  is  small,  axile,  and  straight,  the  latter  rather 
unusual  in  cases  where  the  ovule  is  amphitropous.  This 
is  probably  due  to  its  small  size,  and  the  fact  of  its  being 
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embedded  in  the  axis  of  the  mealy  endosperm  It  is  ovoid  and 
cyUndrical,  and  the  radicle,  which  is  close  to  the  hilum,  equals 
the  cotyledons  in  length  or  is  shorter.  .  -r.     i  • 

There  are  from  twelve  to  thirty  species  of  Frankema 
according  to  different  authors,  consisting  of  perennial  ever- 
Teen  herbs  like  our  native  F.  leevis,  or  of  much-branched 
suffrut  cose  plants.  No  seedlings  have  come  under  my 
ob—n.  %he  leaves  of  the  older  plant  are  small  and 
opposite  or  fascicled  on  the  shortened  axillary  shoots. 


CARYOPHYLLE^. 

Benth.  et  Hook.  Gen.  PI.  i.  Ul. 


The  ovary  is  superior,  syncarpous,  of  two  to  five  carpels 

and  usually  one-celled,  with  the  ovules  arismg  from  a  central 
and  usually  u  ^  Dianthus, 

Veler  r^^^^^^^  Acanthcphyul,  and  Sapo.aria ; 
Itrfn  S™ene  Oucubalu«,  Stellaria,  Spergulana,  and  others ; 

five  in  Lychnis,  Cerastium.  and  others.  But  many  of 
tese  vary  greatly  in  different  species;  for  t^-;^ 
Ire  aenemlly  tbr-ee  in  Arenaria,  but  spec.es  oecor  with  two 
W  or  five  carpels.  In  the  yonng  condition  of  the  ovary 
sentk  are  often  discernible,  but  vanish  as  a  rule  dunng 
septa  are  one  however,  exceptions ; 

fleshy  as  in  Cucubalus  and  indehiscent  as  in  the  lattei,  and 
^-&sareu.al.n— 

e^kZ-Lt 'and  ^r^inat;  as  hi  Tunica  pacbygoua, 
some  species  of  Spcrgula,  Dianthus,  &c. 
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As  far  as  structure  and  form  are  concerned,  there  are  two 
leading  types  in  the  Order  with  several  modifications.  The 
first  is  that  of  Velezia,  Dianthus,  and  Tunica,  which  have 
peltate,  dorsally  compressed  or  much  flattened  seeds,  with 
the  hilum  on  the  ventral  face,  and  a  straight  embryo.  By 
far  the  larger  number,  however,  have  reniform,  obovoid,  or 
globose  seeds,  frequently  compressed  laterally,  and  attached 
to  the  placenta  by  the  edge,  which  is  really  the  ventral  surface. 
In  the  latter  type  the  embryo  is  curved  and  peripheral,  while 
the  cotyledons  are  incumbent,  rarely  accumbent.    The  en- 
dosperm is  mealy  and  Hes  in  the  bend  of  the  embryo,  on  its 
sides,  or  even  surrounds  the  whole  embryo  in  peltate  seeds 
such  as  those  of  Dianthus  and  Tunica.    Endosperm  is  want- 
ing in  some  species  of  Velezia  and  Dianthus.    The  whole 
Order  as  far  as  concerns  the  shape  of  the  seeds  and  embryo 
may  be  considered  as  consisting  of  the  two  leading  types 
above  given  with  their  modifications.    The  first  is  well  ex- 
emplified in  Dianthus  plumarius  (fig.  196).    The  seeds  are 
broadly  oblong-orbicular,  imbricating  in  one  row  or  series, 
forming  a  complete  covering  to  the  central  columnar  placenta, 
peltate,  much  compressed  dorsally,  slightly  concave  on  the 
ventral  face,  and  elevated  on  the  dorsal  aspect,  forming  a 
convexity  agreeing  in  outline  with  the  contained  embryo, 
and  traversed  by  a  shallow  ridge  along  the  whole  of  the 
ventral  aspect;   the  hilum  is  situated  a  little  above  the 
middle ;  and  the  testa,  which  is  smooth  and  black,  is  prolonged 
into  a  short  point  at  the  micropyle,  but  not  winged  any- 
where.' 

_  The  embryo  is  straight  or  slightly  curved  towards  the 
axis,  and  transverse  to  it  and  enveloped  on  all  sides  by  a  thin 
layer  of  endosperm  ;  the  cotyledons  are  oblong,  obtuse  and 
comparatively  broad  ;  the  terete  radicle  is  about  half  the  length 
of  the  cotyledons,  and  points  into  the  little  projection  at  the 
micropyle.  D.  Caryophyllus,  D.  chinensis,  and  D.  prohfer, 
Tunica  Saxifraga,  and  T.  pachygona  agree  in  all  the  main 
particulars  with  D.  plumarius,  but  the  testa  of  D.  prolifera  is 
muricate  or  echinulate,  and  that  of  Tunica  Saxifraga  minutely 
striate-reticulate.  ■ 

"  Le  Maout  and  Decaisne,  Eng.  Trans  p.  256. 
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The  most  marked  moililication  of  the  above  type  met  with 
oooui-8  in  Tunica  pachygona,  the  seeds  of  which  are  oblong  or 
lo^  cular,  sligMly  angled  at  the  margins,  -d  "ly 

nfsmuch  a  the  seeds  are  deeply  grooved  or  umbdicate  on 
tre  mMle  of  the  inner  or  ventral  face,  while  they  are  ovate 
or  obtog  in  outhrre,  semiglobular,  thick,  and  convex  on  the 
™,ter  face  •  the  embryo  is,  however,  straight,  and  the  endo- 
m  coi  i'ous.    The  reniform  and  laterally  compressed  ype  o 
sLTmaybe  seen  by  reference  to  Cerastmm  arvense  (fig.  199) 
»d  D  plulrius  (fig  196),  showing  vertical  and  horizontal  sec- 
«L  as  well  as  their  attachment  to  the  centra  column  The 
flnttled  seeds  of  Dianthus  and  Tunica  are  subservient  to  the 
flattened  ^^/"'^  °.  -^^  ^-^^  ^^d  allow  of  the  arrange- 

''"Tof  a  la  f  number  i  a  capsule,  by  overlapping  liie  slates 
if    M XTy  to  the  sLe  of  the  capsule,  however,  a 
:i.r  lterrmh:'^ean  be  packed  away  w^re  «ie^^  - 
,,,,ormand  l«;ompr^^^^^^  , 
Saponaria  offiomahs  wheie  tn  ^^^^ 

mutual  P^--="-.  ^"Jf/'^^J  "CnuUer  is  increased  in  cases 
packed  away  m  a  little  space,  in  ^.^^^^  ^ 

^'"ISettds  fho^^^ 

vespertmatheseeasare  other,  by  the 

r'?fhttwo  s'ett  bet    « lengths.  Asmgleovary 
funiclesof  the  twosets  bem  0  ^  ^^^^ 

„ill  contam  from  260  to  400 

*B.:ri:;s:ttLt-— 

capsules.  ^  ^^^^  ^^.j^^es  Alsine^  and  Poly 

Most  or  all  o  ,  ^..aerate  number  of,  some 

carper  have  small  ^^^P^^^^^^^^^^^^^  one-seeded  by  arrest  i 

times  with  few,  seeds.    The  capsuie 
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Braehystemma  and  Sphterocoma,  and  in  some  species  of 
Acanthophyllum  and  Stellaria,  while  Queria  as  above  men- 
tioned is  one-ovuled  and  one-seeded. 

The  form  of  the  embryo  in  reniform  seeds  is  well  shown 
in  the  vertical  section  parallel  with  the  embryo  of  Cerastium 
arvense  (fig.  199).     The  seeds  are  small,  reniform,  laterally 
compressed,  with  very  miequal  ends,  the  larger  one  containing 
the  cotyledons,  and  the  smaller  one  the  radicle  of  the  embryo. 
The  testa  is  densely  covered  with  small  protuberances — an 
extremely  common  occurrence  amongst  the  reniform  seeds  of 
this  Order.    The  embryo  is  curved  and  peripheral,  but  sur- 
rounded on  the  back  with  a  thin  layer  of  endosperm,  althougli 
it  is  usual  m  other  seeds  of  this  type  for  the  embryo  to  lie 
in  immediate  contact  with  the  testa.    A  globular  mass  of 
floury  endosperm  lies  in  the  sinus  of  the  embryo  on  the  ventral 
aspect  of  the  seed.     The  cotyledons  are  linear,  semiterete, 
obtuse,  incumbent,  and  lying  in  the  narrow  plane  of  the  seeds  ; 
the  terete  radicle  tapers  gradually  to  a  blunt  point,  and  is 
somewhat  shorter  than  the  cotyledons.    A  small  indentation 
at  the  hilum  seems  the  only  thing  hindermg  the  embryo  from 
making  a  complete  circuit  of  the  seed. 

With  the  above  type  the  following  agree  in  all  main  par- 
ticulars, namely,  Gypsophila  repens,  G.  Eokejeka,  Saponaria 
ofificinahs,  S.  orientalis,  S.  Vaccaria,  Silene  galHca,  S.  Villarsii, 
S.  noctiflora,  S.  tatarica,  S.  depressa,  Cucubalus  bacciferus' 
Lychnis  diurna,  L.  vespertina,  the  species  of  Stellaria,  Arenaria 
graminifoha,  and  others.    A   slight  variation  is  met  with 
m  Lychnis  Githago,  where  the  thicker  end  of  the  seed  contains 
the  radicle  and  the  thinner  one  the  cotyledons ;  the  reverse 
is  usually  the  case  when  the  seed  is  not  of  the  same  thickness 
throughout.    A  striking  modification  occurs  in  the  species  of 
Holosteum  which  have  their  ovules  very  much  curved  and 
folded  so  that  one  half  lies  against  the  other.    The  morpholo- 
gicaUy  apical  end  containing  the  radicle  is  very  narrow  and 
forms  a  keel  adnate  to  the  face  of  the  other  half,  which  is 
much  compressed.    The  cotyledons  are  incumbent  and  brought 
so  close  to  the  radicle  that  they  nearly  or  quite  touch  it.  There 
18  httle  or  no  endosperm  between  them,  but  a  considerable 
thickness  of  it  on  each  side  of  the  cotyledons  so  that  the  latter 
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although  Bemiterete  have  plenty  of  room  to  develop  laterally 

and  become  broad.  . 

A  very  important  deviation  not  only  from  the  type  rep  e- 
sented  by  Cerastium  arvense,  but  also  from  the  Order  generally, 
occurs  in  Arenaria  procumhens.    The  embryo  «  curved  as 
usual  in  the  shape  of  a  horse-shoe,  but  the  cotyledonB  are 
accumhent.    The  seed  is  reniform,  very  much  compressed 
Merily  with  a  distinct  notch  at  the  base,  and  a  double  coat 
fine  y  rekliated  on  the  surface.    The  cotyledons  he  round 
The  periphery  of  the  seed  just  within  the  endosperm,  and  in 
the  broader  plane  of  the  seed,  yet  they  are  sem.terete  and 
very  narrow     Perhaps  the  exceeding  thinness  of  the  seed 
Thfeh  in  transverse  section  is  oblong  witlr  shghtl,  mdented 
rides  and  ends,  may  account  for  this  particular  mannei  o 
dd  ng  although  the  narrowness  of  the  cotyledons  would 
hardly  iustify  the  conclusion.    Bufionia  Ohveriana  (fig.  202), 
B  btachyphylla,  and  B.  macrosperma  agree  with  the  above  m 
Ltg  ac7u'mb;nt  cotyledons,  but  they  differ  shf  ^  -  the 
form  ot  the  seeds,  which  are  always  few,  generally  two,  m  a 
caille    They  a^e  very  deeply  horseshoe-shaped,  and  veit i- 
Sly  almost'oblong  0/ obovate.    This  — '  '-S^-™^ 
TmrliedinB  Oliveriana  and  B.  maerosperma  ;  and  the  latter 
haT  ctparatively  thick  seeds.    The  cotyledons  are  ah^ys 
narrowaUsemitereteoralmo^s,n^^^^^^^^^^^^ 

riana,  and  equal  the  radicle  m  length,   il^^™"  ^  ,  j 

is  very  much  curved,  ahnost  encirohng  the  whole  of  the  gieates 

""''rsttrmtsStnt  variation  occurs  m  some  species 
with'rtLt,ywinge(seed.s^^^^^^ 

This  type,  which  -  ^ei^  1-  -  'he  0  d  ,  s^.^^^^^^^^^^  ^^^^ 
by  Spergularia  marina.    The  seeds  aie  ^  ^ 

much  laterally  flattened  and  gi  t  i,;,!. 
moderately  wide  wing  which  is  ^I'S^'^  "°  J^;,^^^^^^^^  w  the 
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others  with  incumbent  cotyledons.  S.  marginata  '  agrees  very 
closely  with  S.  marina  ;  but  S.  rubra,  another  British  species, 
has  wingless  seeds.  In  Spergula  also  some  species  have 
winged  seeds  and  others  not.  Drypis  spinosa  ^  stands  in  the 
same  relation  to  the  Caryophyllese  as  Bunias  orientalis  does 
to  the  CruciferEe.  The  embryo  is  spirally  or  circinately  coiled, 
the  cotyledons  especially,  and  takes  up  the  greater  part  of  the 
seed.  The  radicle  is  simply  hooked,  with  its  tip  brought 
round  in  contact  with  the  cotyledons,  while  the  small  quantity 
of  endosperm  present  lies  in  the  sinus  of  the  radicle.  The 
seeds  are  somewhat  compressed  laterally. 

Cotyledons. — There  is  considerable  variation  in  the  shape 
of  the  cotyledons  after  germination  ;  but  those  observed  may 
be  roughly  classed  under  six  leading  types  or  forms.  All  are 
entire,  and  they  vary  chiefly  in  size  and  outline.  Some  of  them 
are  moderately  fleshy  in  character,  while  the  greater  number 
are  so  opaque  that  no  venation  is  discernible,  or  at  most  a 
midrib  only.  Saponaria  Vaccaria  is  exceptional,  and  it  seems 
that  the  cotyledons  of  no  two  species  of  this  genus  are  exactly 
ahke. 

Taking  Dianthus  Caryophyllus  (fig.  197)  as  the  first  type,  it 
is  characterised  by  broadly  oblong  cotyledons,  rounded  at  the 
apex,  tapermg  into  the  petiole,  glabrous,  fleshy,  pale  green, 
opaque.  D.  prohfer  and  D.  ciHatus  agree  in  ah  the  main 
points,  but  the  cotyledons  of  the  former  are  proportionately 
shorter,  retuse,  inclining  to  ovate,  and  minutely  scabrid  at 
the  margin.  Their  form  in  aU  cases  bears  an  evident  relation 
to  the  shape  of  the  peltate,  flattened  seed  and  embryo.  The 
petioles,  it  may  be  noted,  are  short  and  connate  at  the  base, 
formmg  a  cup  round  the  plumule,  and  this  character  is  the 
prevailing  one  throughout  the  Order. 

The  next  type  is  represented  by  Tunica  prolifera  (fig.  198), 
which  has  broad,  suborbicular,  petiolate,  thin  but  opaque 
cotyledons,  with  obscure  venation.  They  doubtless  derive 
their  shape  from  that  of  the  seed,  which  is  generally  orbicular 
or  discoid,  or  occasionally  inclined  to  oblong  as  in  T.  pachygona. 
Saponaria  orientahs  may  be  placed  here,  as  it  has  broadly 
ovate  or  suborbicular  cotyledons  when  full  grown ;  they  also 
'  Le  Maout  and  Decaisne,  p.  258.  «  ibid.  p.  255. 
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show  an  alternate,  penninerved  venation.  While  yet  in  the 
seed  they  are  linear,  longer  than  the  radicle,  incumbent,  and 
otherwise  resemble  those  usually  found  in  the  renitorm  or 
suborbicular  and  laterally  flattened  type  of  seeds  bu  after 
germination  they  become  successively  oblong-elhptic  elhptic, 
and  ultimately  suborbicular,  so  that  their  form  is  due  to  growth 
subsequent  to  germination,  and  does  not  depend  upon  that 
which  obtains  while  yet  m  the  seed.  . 

A  third  type  is  shown  by  Saponaria  Yaccaria.  The  coty- 
ledons are  narrowly  oblong,  obtuse,  shortly  petiolate  and 
nennmerved,  and  closely  resemble  the  primary  leaves  m  that 
respect  as  well  as  in  form.  The  seed  is  l-g^  (3-4  mm^m 
width),  suborbicular,  and  sHghtly  flattened  laterally.  The 
embryo  is  also  large  and  curved  round  the  periphery  and  the 
cotvledons  in  germination  keep  much  the  same  shape  but 
aSn  a  large  size  on  account  of  the  large  store  of  reserve 

material  in  the  seed.  They  are  also  ^^^^^^  .^.^^^^'^^^^t 
proportion  of  25  to  29  mm. ;  and  this  pecuhari  y  no  doub 
akes  its  origin  in  the  seed,  where  the  outer  cotyledon  would 
teZe  longest.  They  are  long  and  narrow  during  ,e.^^t.^, 
bnt  mcrease  in  width  afterwards.  Lychnis  ^ithago  has 
long  and  broadly  spathulate,  sessile  cotyledons  connate  at 
+bP  base     They  are  opaque  and  show  a  midrib  only. 

f  lange  number  of  species  have  broad  cotyledons  o 
moderate  length  somewhat  similar  to  those  of  D-^thus, 
7ey  Z  pomted  and  more  or  less  evidently  narrowed  at  both 
ends    T^ose  that  may  be  grouped  under  this  head  vary  some- 
what between  ovate-lanceolate,  ovate,  and  elhptic  or  oblanceo- 
Tate    burall  agree  in  being  pointed.    Cerastium  arvense 
ml  '200)  Silene  echinata,  and  Silene  rubella  may  be  given  as 
emeSativeB  of  the  three  subtypes  respectively.    The  coty 
repiesentauv  ovate-lanceolate,  petiolate,  obtusely 

Sted  «  —  tapered  to  the  base,  distmctly 
„;ed  and  connate  at  the  very  base.  Those  of  Silene 
Sa  are  broadly  ovate,  shoi-t.  moderate  in  s.e^  shoi.^ 

ratio  of  9-5  te  11  mm.  Silene 
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Schweinfurthii  agrees  pretty  closely  with  the  latter,  and 
Saponaria  calabrica  merely  differs  in  being  somewhat  more 
elliptic. 

The  fifth  type  is  represented  by  Sagina  procumbens  (fig. 
201),  which  has  small,  subulate,  acute  cotyledons,  broadest  at 
the  base,  and  connate  there,  forming  a  cup  round  the  plu- 
mule, 1-5-2  mm.  long,  and  1  mm.  broad  at  the  base.  A  sixth 
very  distinct  type  is  met  with  in  Spergula  arvensis,  the 
cotyledons  of  which  are  linear,  semiterete,  acute,  fleshy, 
glabrous,  green,  without  discernible  venation,  about  22*5 
mm.  long,  and  in  all  respects  very  similar  to  the  primary 
leaves. 

The  Order  Gary ophy lies  consists  of  800  to  1200  species 
according  to  different  authors.  They  are  chiefly  confined  to 
the  northern  hemisphere,  and  are  found  in  greatest  numbers 
in  extratropical  regions,  extending  into  the  arctic  and  alpine ; 
they  are  rarer  in  the  southern  hemisphere  and  very  rare  in  the 
tropics,  where  they  occur  only  on  mountains. 

rianthus  plumarius,  L.  (fig.  196). 

Fruit  an  oblong- cylindrical  capsule,  one-celled,  many-seeded, 
dehiscing  at  the  apex  by  four  short  valves  or  teeth. 

Seeds  broadly  oblong-orbicular,  imbricated  on  a  central  column, 
peltate,  much  compressed  dorso-ventrally,  slightly  concave  on  the 


Fig.  196. — Bianthiis plumarius,  x  15. 

ventral  aspect,  and  raised  on  the  dorsal  into  a  convexity  agreeing- 
m  outline  with  the  contained  embryo,  traversed  throughout  its 
longest  axis  on  the  ventral  aspect  by  a  ridge ;  testa  black ;  hilum 
ventral  a  httle  above  the  middle  of  the  seed,  with  a  projection  at 
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either  end,  one  of  which  towards  the  end  farthest  from  the  micro- 
pyle  is  the  raphe  ;  micropyle  produced  into  a  httle  pomt. 

E7idosperm  copious,  white,  farinaceous. 
*    Embryo  comparatively  large,  shghtly  curved  towards  the  axis  ; 
cotyledons  oblong,  obtuse,  entire,  broad ;  radicle  cyhndrical,  obtuse, 
pointing  into  a  little  projection  at  the  micropyle. 

Dianthus  Caryophyllus,  L.  (fig.  197). 
Hvvocotyl  very  short,  tapering  mto  the  root. 
Cotyledons  broadly  oblong,  obtuse,  tapermg  into  the  petiole 
glabrous,  fleshy,  pale  green;  lamma  I'd 
cm.  long,  9-5  mm.  broad ;  petiole  flattened, 
shallowly  grooved  above,  perfohate,  6  mm. 
long. 

Stem  herbaceous  or  shrubby  below, 
erect,  ultimately  decumbent,  glabrous, 
terete  ;  internodes  crowded  in  the  seedhng 
stage ;  nodes  thickened. 

Leaves  simple,  enthe,  radical  and 
cauline,  opposite,  decussate,  perfohate, 
glabrous,  glaucous,  exstipulate,  sessUe. 

1st  pah  Hnear,  spathulate,  obtuse, 
channelled  on  the  lower  half,  archmg, 
subcarmate,  especially  on  the  lower  half 

2nd  pair  linear,  obtuse,  broadest  above  the  middle. 


Fig.  197. — Dianthus 
CaryopJiyllus.   Nat.  size. 


Dianthus  prolifer,  i. 

,  ^r.^cy   tar^erin^   with  numerous  short  lateral 
Primary  root  long,  tapenut,, 

perfohate,  2  mm.  long.  spiny-cihate  at  the  margin  and 

in  the  first  two  pairs  of  leaves. 
3rd  pair  linear,  obtuse. 
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Tunica  pachygona,  Fisch.  et  May. 

Capsule  oblong-ellipsoid,  glabrous,  enclosed  in  the  shortly  five-, 
toothed,  fifteen-ribbed,  persistent  calyx,  which  is  nearly  or  quite  *s 
long,  one-celled,  with  a  central  placenta,  and  many  seeds,  dehiscing 
at  the  apex  by  four  valves. 

Seed  oblong-orbicular,  thin  and  much  flattened  dorsally,  entire 
or  slightly  angled  at  the  margins,  winged  all  round  except  at  the 
tip  of  the  radicle  where  a  narrow  shallow  sinus  is  formed,  glabrous, 
black.  Except  for  an  elevation  conforming  in  outline  to  that  of 
the  embryo  the  seeds  are  nearly  flat  and  attached  to  the  placenta  a 
little  above  the  middle  and  much  overlapping  one  another ;  hilum 
forming  a  little  roimd  spot  above  the  middle  of  the  seed  on  the 
ventral  aspect ;  micropyle  at  the  lower  end  of  the  seed,  lying  in  the 
sinus  ;  raphe  and  chalaza  inconspicuous. 

Endosperm  forming  a  thin  layer  throughout  the  seed,  except  in 
the  wing,  but  much  thinner  around  the  embryo,  white,  fleshy,  or 
subfarinose. 

Embryo  straight,  central,  much  narrower  than 
the  endosperm  and  a  little  shorter,  colourless ; 
cotyledons. oblong-ovate,  obtuse,  entire,  plano-con- 
vex or  nearly  flat,  lying  in  the  broad  plane  of  the 
seed  with  their  backs  to  the  axis  ;  radicle  terete, 
obtuse,  about  half  as  long  as  the  embryo,  embedded 
in  a  thin  layer  of  endosperm  close  to  the  micropyle. 

Tunica  prolifera,  Scop.  (fig.  198). 

Primc^ry  root  slender,  tapering,  flexuose,  with 
a  few  short  lateral  rootlets. 

Hypocotyl  suberect,  herbaceous,  about  2  cm. 
long,  -5-1  mm.  thick,  round,  slightly  pubescent 
under  the  seed-leaves.. 

Cotyledons  nearly  equal,  stalked,  including 
petiole  about  1  cm.  long,  7  mm.  broad,  sub- 
orbicular  or  somewhat  spathulate,  rounded,  entire, 
with  very  obscure  nervation,  glabrous,  not  very 
thick  nor  persistent,  dull  green  above,  paler    Tunica p7olif era. 

below.  Nat.  size. 

Stem  very  short,  elongated  when  about  to  flower. 

Leaves  simple,  entire,  radical  and  cauline,  opposite,  exstipulate, 
petiolate  in. the  early  stages  or  very  much  narrowed  at  the  base, 
ultimately  narrow,  sessile,  with  a  disti^ict  midrib  and  a  few  scattered 
lateral  nerves,  glabrous,  deep  green  above,  paler  beneath. 

lat  and  2nd  pairs  spathulate,  much  narrowed  to  a  petiole-like  base. 
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Saponaria  Vaccaria,  L.  ■ 

Hypocotyl  erect,  terete,  glabrous,  3-4  mm.  long,  light  green  or 
colourless. 

Cotyledons  somewhat  fleshy,  unequal,  linear-oblong,  obtuse, 
entire,  shortly  petiolate,  glabrous,  green, pinnatinerved  like  the  leaves. 

Stem  erect,  nearly  square,  herbaceous,  glabrous ;  1st  mtemode 
5-7  mm.  long,  2nd  very  short. 

First  leaves  simple,  entire,  cauline,  opposite,  decussate,  Imear- 
oblong,  obtuse,  sessile,  tapering  slightly  to  the  base,  where  they  are 
ciliate,  glabrous,  green,  fleshy,  indistinctly  pinnatmerved. 

Saponaria  calabrica,  Guss. 

Primary  root  slender,  tapering  downwards,  with  numerous 

lateral  rootlets. 

Kypocotyl  as  in  S.  Vaccaria  but  5-6  mm.  long. 

Cotyledons  oblong,  one-veined;  petiole  short,  broad,  scarcely 

channelled. 

Stem  with  primary  internodes  undeveloped. 

First  leaves  radical,  petiolate,  rotundly  oblong  or  almost  spathu- 
late  •  2nd  pair  of  leaves  slightly  hairy,  one-veined  like  the  cotyledons  ; 
petioles  broad,  flat,  sheathing  at  the  base,  shallowly  channelled  on 
the  upper  surface. 

Saponaria  orientalis,  L. 

Hvpocotyl  as  in  preceding  species,  erect,  terete,  glabrous. 
Cotyledons  ovate-oblong,  indistinctly  one-veined  like  the  eaves. 
Stem  herbaceous,  erect,  square  ;  primary  internodes  but  shghtiy 

^'^flst'leaves  cauline,  ovately-oval  or  oblong,  obtuse,  otherwise 
as  in  preceding  species  ;  petioles  rather  long,  glabrous,  deeply  fur- 
rowed on  the  upper  side. 

Silene  echinata,  Otth. 

Primary  root  tapering  downwards,  with  short  l-te^-^  ^^^^ 
Hypocotyl  erect,  very  short,  or  tapermg  mdistmguishably  mto 
the  root,  pale  green  or  colourless. 

C„  ;  ln/ovate.  obtoe.  entire  petiolate  from  he 

base   the  lateral  ones  submarginal,  undulate  or  wavy,  cuived 
■rardB  and  uniting  with  the  midrib  close  to  the  apex,  — 
nerved  upwards  and  obscurely  reticulate,  glabrous,  hght  gietn, 
"amina  6-8  mm.  long.  4-5  mm.  wide  ;  petiole  grooved  above,  con- 
nate at  the  base,  1-6-2  mm.  long. 
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Stem  herbaceous,  annual,  erect,  and  developed  when  about  to 
flower ;  prunary  internodes  undeveloped. 

Leaves  simple,  entire,  radical  and  cauline,  opposite,  exstipu- 
late,  petiolate,  obscurely,  alternately  incurvinerved,  hairy  on  both 
surfaces,  hght  green  above,  paler  beneath  ;  petioles  channelled 
above,  dilated  and  clasping  at  the  base  and  slightly  connate, 
coarsely  hairy  at  the  margins  or  edges  of  the  channel. 

1st  pair  short,  obovate,  very  obtuse  and  rounded  at  the  end. 

2nd  pair  similar,  but  much  larger. 

3rd  and  4th  pairs  spathulate,  obovate,  narrower  and  inclined  to 
be  oblong. 

Silere  rubella,  L. 

Priinary  root  tapering  downwards,  with  numerous  long  lateral 
rootlets. 

Hypocotyl  short,  obeonical,  green  or  almost  colourless. 

Cotyledons  rather  fleshy,  linear-oblong  or  lanceolate,  indistinctly 
one-nerved  like  the  leaves,  unequal. 

Stem,  1st  intemode  1-1-5  mm.  long ;  2nd  6-7  mm. ;  3rd  very 
short. 

First  leaves  entire,  often  wavy,  cauline,  spathulate  or  cuneate, 
tapering  to  the  base,  but  scarcely  petiolate,  obtuse,  glabrous,  one- 
nerved, 

Lyclmis  Githago,  Lam. 

Hypocotyl  short,  hardly  appearing  above  the  soil. 

Cotyledons  broadly  oblong,  obtuse,  entire,  somewhat  fleshy, 
petiolate,  connate  at  the  base,  glabrous,  dark  green,  indistinctly  one- 
nerved. 

Stem  with  primary  internodes  undeveloped. 

First  leaves  simple,  entire,  radical,  opposite,  oblong-lanceolate, 
subacute,  exstipulate,  pubescent,  with  the  hairs  very  fine  and  silky, 
tapering  to  the  base,  sessile,  light  green,  indistinctly  pinnatinerved. 

Cerastium  arvense,  L.  (fig.  199). 

Fruit  a  capsule,  cylindrical  or  shghtly  curved  and  narrowed  up- 
wards, onQ-celled,  many-seeded,  dehiscing  at  the  apex  by  ten  teeth. 

Seed  reniform,  with  very  unequal  ends,  appearing  laterallv  com- 
pressed simply  because  curved,  small,  densely  covered  with  small 
protuberances,  brown  ;  the  smaller  end  containing  the  radicle,  the 
larger  one  the  cotyledons  ;  hilum  on  the  large  end  of  the  seed  close 
to  the  edge  of  the  basal  notch  ;  raphe  none. 
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Endosperm  in  the  mature  seed  forming  a  round  mass  between 
the  embryo  and  the  basal  notch,  also  an  extremely  thin  layer  round 
the  periphery  of  the  seed,  and  surrounding  the  embryo,  floury, 

Embnjo  long  and  narrow,  curved  round  the  periphery  of  the 
seed,  pale  yellow ;  cotyledons  linear,  obtuse,  entire,  semiterete, 


Fig.  199. — Cerastium  arvense,  x  15. 

lying  m  the  narrow  way  of  the  seed  with  their  backs  to  the  hilum ; 
radicle  cyHndrical,  shghtly  narrowed  to  an  obtuse  tip,  somewhat 
shorter  than  the  cotyledons  and  incumbent. 

The  form  and  arrangement  of  the  seeds  m  CaryophyUe^  has 
been  already  referred  to  (see  ante,  p.  25). 

Seedling  (fig.  200). 

Hypocotyl  erect  or  sUghtly  decumbent, 
thickened  upwards,  glabrous,  pale  green, 
about  4-5  mm',  long. 

Cotyledons  ovate-lanceolate,  obtuse, 
petiolate,  glabrous,  shghtly  mucronate, 
distmctly  one-nerved,  tapered  at  the  base 
into  the  petiole;  lamma  about?  mm.  long, 
and  3  mm.  wide  ;  petiole  channeUed  above, 
convex  beneath,  perfohate  at  the  base, 
about  3'mm.  long. 

Stem   herbaceous,    primarily  ereci, 
ultimately  decumbent,  terete,  pale  green 
glabrous,   somewhat    thickened  at  the 
nodes;  1st  internode  4-25  mm.,  2nd  6o 

slightly  hairy  above  and  occasionally  on  the  miai 


Yia. ^00.— Cerastiumarvense 
Half  nat.  size. 
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least  in  seedlings),  indistinctly  trinerved  ;  midrib  with  a  few  short, 
alternate,  ascending  nerves  uniting  with  the  longitudinal,  lateral, 
slender,  wavy  submarginal  ones ;  petioles  channelled  above,  subcar- 
inate  beneath,  slightly  hairy,  connate  at  the  base. 

1st  to  3rd  pairs  spathulate,  or  often  broadly  spathulate,  obtuse, 
mucronate. 


Arenaria  procumbens,  Valil. 

Fruit  a  capsule,  small,  ovoid,  one-celled,  several-seeded,  dehisc- 
ing by  the  same  number  of  valves  as  there  are  carpels. 

Seed  reniform,  much  compressed  laterally,  with  a  distinct  notch 
at  the  base,  very  finely  reticulated,  pale  brown  ;  seed-coat  double  ; 
the  testa  membranous,  pale  brown  ;  the  tegmen  thiiiner,  whitish  ; 
hilum  and  micropyle  con- 
tiguous, basal  in  the 
notch. 

Endosperm  copious, 
farinaceous,  white. 

Embryo  curved  round 
just  within  the  periphery 
of  the  endosperm,  colour- 
less ;  cotyledons  accum- 
bent,  sometimes  some- 
what obliquely  linear, 
obtuse,  entire,  piano-con- . 
vex,  lying  in  the  broad 
plane  of  the  seed  with 
■  their  edges  to  the  axis 
(presumably  on  account 
of  the  seed  being  thin  and 
much  compressed  later- 
ally) ;  radicle  terete,  ob- 
tuse, about  equal  in  length 
to  the  cotyledons,  and 
curved  in  conformity  with 
the  curvature  of  the  seed. 

Sagina  procumbens, 
L.  (fig.  201). 

Priviary  root  tapering  downwards,  with  numerous  slender 
lateral  rootlets  and  abundantly  provided  with  root-hairs. 
Hypocotyl  very  short  or  completely  suppressed. 
Cotyledons  small,  subulate,  acute,  much  broader  at  the  base 


Fig.  201. — Sagina  procuvihcns,  x  3. 
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where  they  are  connate  and  form  a  little  cup  round  the  stem,  about 

1-5-2  mm.  long,  and  1  mm.  broad  at  the  base. 

Stem  herbaceous,  with  the  lower  very  shghtly  developed  mter- 

nodes  covered  by  the  connate  and  sheathing  bases  of  the  leaves  ; 

primary  one  remaining  short  and  barren ;  lateral  shoots  or  branches 

elongating  and  fruiting.  .•    i  i 

Leaves  simple,  entire,  radical  and  cauhne,  opposite,  exstipulate 
sessile,  dilated,  connate  and  sheathing  at  the  base,  glabrous,  and 
covered  with  numerous,  elevated,  very  minute,  hyahne  pomts. 
bright  -reen,  without  discernible  venation,  or  with  the  midrib  indi- 
cated by  a  slightly  elevated  ridge  on  the  under  side. 

A 


'  Exa.  m^Buffo^na  OUveHana  >.  U^  A  ^^^^^^^^^^^^  °f  \ 
?^t^in''^^SL:'^o^  seed:  E^adicle,  P,  endo- 
sperm;  C,  cotyledon. 

vex  above  and  minutely  revolute  at  the  margms. 

Buffonia  Oliveriana,  Ser.  (fig.  202). 

1    i.o..m<l  much  compressed  laterally. pale-colom-ed, 
^^..iiacapsule  0^^^^^^^^^  dehiscmg  longitudmally 

glabrous,  one-celied,  generau^ 

by  two  valves.  compressed  laterally,  obtuse  at  the 

ftiguous,  basal ;  raphe  none. 
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Endosperm  central,  copious,  farinaceous,  white. 

Embryo  much  curved  round  the  periphery  of  the  endosperm , 
yellowish -white ;  cotyledons  linear,  plano-convex,  or  semiterete, 
obtuse,  lying  in  the  broader  plane  of  the  seed,  accumbent  with  their 
edges  to  the  hilum  and  placenta,  the  two  together  thicker  than  they 
are  wide  ;  radicle  terete,  obtuse,  as  thick  at  the  base  as  the  cotyledons 
are  broad,  but  thicker  above  the  middle,  and  as  long, 

I  figure  this  species  because  the  cotyledons,  like  those  of  B. 
brachyphylla  and  Arenaria  procumbens,  are  accumbent. 

Buffonia  brachyphylla,  B.H.  (fig.  203). 

Capsule  small,  ovoid,  one-celled,  generally  two-seeded,  but  often 
one-seeded,  dehiscing  to  the  base  by  two  valves. 

Seed  reniform,  much  compressed  laterally,  and  comparatively 


Fig.  W^  —Buffonia  brachyphylla,  x  20.    A,  vertical  section  of  seed 
w  '  ^'  .  -P' endosperm;  O,  cotyledon;  ir,  tegmen 

U  1 ,  testa.  B,  transverse  section  of  seed  :  0  T,  testa ;  I T,  teamen 
P,  endosperm ;  C,  cotyledon;  iJ, radicle.  >  "^e^men 

thin,  with  a  basal  notch,  minutely  and  finely  reticulated,  brown  • 
testa  comparatively  thick  ;  tegmen  thm,  membranous. 

Endosperm  mealy  or  farinaceous. 

Embryo  as  in  the  preceding  species. 

Spergula  arvensis,  L. 

Eyyocotyl  erect,  terete,  glabrous,  5-8  mm.  long,  light  green 
Cotyledons  linear,  semiterete,  acute,  entire,  fleshy,  glabronc 
green,  no  venation  apparent.  ^ 'luious, 
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S^em  with  primary  internodes  undeveloped. 

First  leaves  simple,  entire,  radical,  opposite,  decussate,  Imear 
cylindrical,  acute,  sessile,  fleshy ,  glabrous,  green,  without  any  apparent 

venation  ;  subsequent  leaves  in  pseudo-whorls  of  from  six  to  eight. 


PORTULACE^. 

Benth.  et  Hook.  Gen.  PI.  i.  155. 


Fndt  and  SeecL-Tlhe  pistil  is  syncarpous  and  free,  or  half 
inferior  in  Portulaca.  one-celled,  two-  to  many-ovuled,  and  con- 
sists of  three,  rarely  two,  carpels.  The  amphiti^pous  ovules 
vary  from  two  to  many,  except  in  Portulacana,  which  has  only 
one,  and  arise  from  the  base  of  the  ovary  separately,  or  the 
funlcles  are  connate  into  a  central  column. 

The  fruit  is  a  capsule,  splitting  by  as  many  valves  as  there 
nre  cartels  or  dehiscing  circumscissly  as  m  Portulaca ;  rare  y 
Slit  L  in  the  one-seeded  winged  fruits  of  Portulacana 
and  Silvia.    The  seeds  are  numerous  or  solitary  by  arrest, 
andreniform,  or  lenticular,  laterally  compressed  or  obovoid; 
testa  generally  crustaceous,  shining  and  smooth  or  often 
granulate  as  il  species  of  Portulaca,  sometimes  furnished  with 
an  Lilloid,  or  spelling  of  the  funicle,  as  m  Talmum.  The 
Zh  jo  is  nearly  always  curved  round  the  periphery  o  a 
scanty,  farinaceous  endosperm,  when  the  cotyledons  about 
eaual  the  terete  radicle  in  length.  ,    ^   ,  , 

A  good  type  of  the  Order  is  furnished  by  Portulaca  grandi- 
fl  n  thP  3s  of  which  are  reniform,  laterally  compressed, 
^^tli  Ihin  end,  and  a  minutely  granulate  crusta- 

~11«':f  dispersion,  Portulacaria  has  winged 

fruit  and  Grahamia  winged  seeds;  m  Anacampseros  some 
tiuits,  ana  ma  ^.^^  ^^^^^.^  ^^.^  wingless. 

^''Th?:;\   0  r  -lT:^^^^         Ven,^e.y  of  the  seed 
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wider  end  of  the  seed,  are  much  wider  than  the  terete  radicle, 
which  they  equal  in  length.  They  are  also  incumbent  and  lie 
transversely  to  the  wider  plane  of  the  seed. 

Calandrinia  umbellata,  C.  pilosiuscula,  and  Spraguea 
umbellata  agree  very  closely  with  Portulaca  except  that  the 
seeds  of  Spraguea  are  thickest  in  the  middle  and  taper  to 
each  end,  so  that  the  cotyledons  are  narrower  for  the  size 
of  the  seed  than  in  the  type  given.   A  more  remarkable  excep- 
tion occurs  in  Claytonia  perfoliata  (fig.  204),  the  embryo  of 
which  Hes  in  the  broader  plane  of  the  seed.    The  cotyledons 
are  nevertheless  very  narrow,  linear,  plano-convex,  and  ac- 
cumbent,  perhaps  for  the  reason  suggested  on  page  69.  The 
embryo  seems  to  originate  with  its  cotyledons  in  the  narrow 
plane  of  the  seed  while  yet  straight ;  but  certainly  as  soon  as 
it  begins  to  curve  in  conformity  with  the  outline  of  the  seed, 
the  cotyledons  He  in  the  broad  plane  with  their  edges  to  the 
axis.    When  first  observable  with  a  simple  lens,  the  embryo 
is  a  small,  nodular,  obcordate  body,  but  it  soon  becomes  oblong, 
and  the  cotyledons  attain  such  a  thickness  as  to  become  closely 
adpressed  to  one  another ;  in  the  next  stage  it  is  cylindrical, 
and  soon  after  commences  to  curve  and  ultimately  attains 
a  horse-shoe  shape. 

Exceptions  to  the  general  rule  occur  in  Grahamia,  Tali- 
nopsis,  and  sometimes  in  Anacampseros,  where  the  embryo  is 
almost  straight,  and  the  seeds  have  only  a  scanty  endosperm. 
The  seeds  of  Grahamia  are  also  irregularly  obovate,  subreni- 
form,  very  much  compressed  laterally,  and  girt  with  a  mem- 
branous wing ;  in  Talinopsis  they  are  obovate-oblong,  incurved 
and  hooked  but  wingless ;  while  in  some  species  of  Anacam- 
pseros they  are  angled  or  compressed  and  three-winged,  but  in 
others  wingless. 

Cotyledons.— k.^  far  as  observed  there  are  two  distinct  types 
of  cotyledons,  namely,  a  broad  and  a  narrow  one.  One  of 
the  broadest  types  occurs  in  Portulaca  grandiflora,  notwith- 
standing the  extreme  minuteness  of  the  seeds.  The  cotyle- 
dons however  He  in  the  narrow  plane  of  the  seed,  but  in  its 
widest  part,  and  they  are  consequently  several  times  as  wide 
as  the  radicle  is  thick.  When  fuUy  developed  after  germin- 
ation they  are  oblong-oval,  obtuse,  fleshy,  shortly  petiolate, 
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about  17  mm.  long,  and  4  mm.  broad.    Calandrinia  umbellata 
and  Spraguea  umbellata  agree  with  the  above  m  the  re- 
lative  width  of  the  cotyledons,  but  the  latter  are  only  2-25  mm. 
long  and  1-25  mm.  broad  in  Spraguea.    They  are  oblong- 
ovate,  obtuse,  sessile,  and  subfleshy.    There  are  a  few  notable 
points  to  be  observed  in  the  germination  of  the  seeds.  In  some 
cases  the  testa  splits  along  the  side  of  the  cotyledons,  which, 
meetin-  with  little  resistance,  emerge  here,  contrary  to  tlie 
usual  mle  in  seeds  that  the  radicle  is  first  protruded 
They  continue  to  grow  till  the  endosperm  becomes  exhaus  ed 
through  the  medium  of  the  radicle,  when  the  seedlmg,  unable 
to  make  any  further  progress,  dies,  unless  the  conditions  are 
favourable  for  the  emission  of  adventitious  roots,  whereby  it 
an  lay  hold  of  the  soil  and  become  established.    When  how- 
ever the  seeds  have  been  properly  covered  with  soil  the  radicle 
emerges  first,  the  arching hypocotyl  pulls  the  cotyledons  onto 
the  testa,  and  after  it  has  become  straight  these  unfold  to  he 
liaht      The  testa  is  however  frequently  earned  up  on  the 
coVedons,  when  it  exhibits  a  vertical  cleft  of  considerable 
size,  thus  allowing  the  escape  of  the  cotyledons  which  ai 
comparatively  broad,  oblong,  obtuse,  and  sessile.    In  the 
ZZe  seed  L  cotyledons  are  long,  narrow,  and  ^^eiy,.e^ 
of  the  Order  ;  but  after  germination  or  during  it,  tl^ey  develop 
more  in  breadth  than  length,  and  remam  comparatively  short. 
Sown  under  glass  they  germmated  m  ten  A^ys. 

Several  species  of  Calandrima,  mcludmg  C  pilosiuscula 
and  C  speci  sa,  agree  with  Claytonia  in  the  narrowness  of 
their  otyledons  also  some  species  of  Talmum  and  it  is  p  o- 
bobTe  that  severe^l  other  genera  of  the  same  habit  have  similai 
Itvledons  in^  umbellata  they  are  broader,  and  some 
oS  sPes  of  Calandrinia  which  differ  in  habit  and  have 
bfoad,  fleshy,  mostly  radical  leaves,  may  possibly  have  difiei- 
ent  cotyledons. 

Portulaca  grandiflora,  Book. 

Hypocotyl  erect,  terete  t*-^g,L^n:i.ea  .ith 

''°"s^.™\—t  erect  in  tl,e  early  stages,  but  afterwarSs  pro- 
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cumbent,  terete,  glabrous  with  tufts  of  long  white  hairs  springing 
frora  the  axils  of  the  cotyledons. 

Leaves  simple,  entire,  flat,  cauline,  alternate,  exstipulate,  very 
shortly  petiolate,  fleshy,  glabrous,  often  tinged  with  red  beneath  ; 
petioles  very  short,  slightly  channelled  above, 

Nos.  1  and  2.  Ovate,  obtuse,  or  faintly  mucronate,  with  small 
tufts  of  white  hairs  or  setae  in  their  axils. 

Claytonia  perfoliata,  Don  (fig.  204). 

Fruit  a  capsule,  globose  or  ovoid,  membranous,  dehiscing  by 
three  valves. 

Seed  orbicular-subreniform,  much  compressed  laterally,  small, 
with  the  auricles  on  each  side  of  the  hilum  nearly  or  quite  equal ; 
testa  glabrous,  shining,  black,  crustaceous  ;  hilum  basal  in  the  sinus! 

A  B 


perfoliata.  A,  transverse  section  of  seed  -  C 
cotyledons ;  radicle,  x  15.  B,  seedling,  showing  the  thicfaiess  of 
the  two  cotyledons  combined,  x  6.  ouioiinesB  oi 

and  apparently  equidistant  from  apex  of  cotyledons  and  radicle  • 
lunicle  partly  or  wholly  persistent. 

roni^tr^'T  ^^ite,  forming  a  thin  layer 

round  the  embryo,  and  a  much  larger  mass  inside 

mtuf71^  "^""t  '^T^^  '^^^"^  P^^^P^^^y  °f  seed,  just 
^f^m  a  thm  layer  of  endosperm ;  cotyledons  narrowly  1  near 

Ob  use,  entne  colourless,  accumbent;  radicle  cylindrical  or  teret  ' 
co!;™  ^b-t  -  long  as  1; 

Seedling  (fig.  206). 

Primanj  root  normal,  annual. 

fjPocotyl  terete,  very  short,  reddish,  glabrous,  2-5  mm.  Ion. 
Cotyledons  hnear,  elongated,  fleshy,  flattened,  glabrous  pale 

Q  2 
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green,  becoming  reddish  when  old,  broadest  above  the  middle,  nar- 
Led  towards^he  base,  then  —  ^^^^^^ 

greatest  breadth  1-5  mm. 

Stem  herbaceous,  annual,  de- 
veloped when  about  to  flower ; 
many  primary  nodes  undeveloped. 

Leaves  simple,  entire,  radical 
and  cauline,  alternate,  exstipulate, 
petiolate,  glabrous,  rather  fleshy, 
bright  green ;  petioles  flattened 
above  or  shallowly  grooved,  long, 
slender,  fleshy,  glabrous,  dilated 
and  amplexicaui  at  the  base. 

Nos.  1  and  2.  Narrowly  spathu- 
late  with  a  long  petiole. 
No.  3.  Much  broader. 
Nos.  4-8.  Rhomboid,  obtuse 
or  subacute,  on  long  petioles. 

Spraguea  umbellata,  Torr.  (fig.  206). 

Fruit  a  globular  capsule,  compressed,  several-seeded,  dehiscmg 

rjtSform-orbicular,  laterally  compressed,  thickest  in  the 
middle  and  narrowed  to  the  edge,  especially  towards  the  basal 


Fig.  W5.—Olaytonia  perfoliata. 
Nat.  size. 


Pig  ^m.-5j>raqueauMata  x  25.    A, seed  jate.^  asp^^^^^^ 
^pyle  _  B,^vex|ical^sectiou  of^see^^^  3eed:  C.,  coty- 


1%^^  rrena=m;  r  testa 
ledons;  P,  endosperm;  E,  radicle. 


ieaons  \  j.  ,   ,     .  i       n  •  1- 

eage.  glabrous,  ^'^^^^^ ;:T^£t^ 
hard  and  crustaceous  ;  hilum  basal,  but  iym„ 
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not  quite  central,  the  radicle  lying  in  the  smaller  auricle  of  the 
sinus  and  the  cotyledons  in  the  larger  one ;  micropyle  on  one  side 
of  the  hilum,  the  chalaza  on  the  other. 

Endosperm  copious,  farinaceous,  white,  lying  in  the  centre  of  the 
seed  and  extending  to  the  broader  circumference  only  at  the  base. 

Embryo  comparatively  large,  much  curved,  occupying  the  cir- 
cumference of  the  seed,  except  a  small  piece  at  the  base  peripheral 
and  entirely  outside  the  endosperm  (in  the  specimens  examined), 
colourless,  but  darker  than  the  endosperm  ;  cotyledons  linear,  plano- 
convex, or  semiterete,  obtuse,  entire,  incumbent,  lying  in  the 
narrow  plane  of  the  seed  with  their  backs  to  the  placenta,  about  as 
long  and  as  broad  -as  the  radicle ;  radicle  terete  or  cylindrical, 
obtuse,  abutting  with  its  tip  against  the  micropyle. 

Calandrinia  pilosiuscula,  DC. 

Eypocotyl  erect,  terete,  glabrous,  colourless  or  faintly  tinged 
with  red,  8-10  mm.  long. 

Cotyledons  15-22  mm.  long,  linear,  obtuse,  tapering  slightly  at 
the  base,  entire,  covered  with  a  minute  scarcely  perceptible  pubes- 
cence, green,  without  any  apparent  venation. 

Ste7n  with  primary  internodes  undeveloped. 

First  leaves  simple,  entire,  radical,  alternate  (first  pair  appa- 
rently opposite),  exstipulate,  linear,  obtuse,  slightly  tapering  to  the 
base,  covered  with  a  very  minute  pubescence,  one-nerved,  green. 

Calandrinia  umbellata,  DC. 

Hypocotyl  4-6  mm.  long,  stained  with  red. 
Cotyledons  fleshy,  oblong-oval,  obtuse,  entire,  shortly  petiolate, 
glabrous,  dark  green,  without  any  apparent  venation. 
Stem  as  in  C.  pilosiuscula. 

First  leaves  linear-lanceolate,  tapering  to  the  base  but  hardly 
petiolate,  covered  with  rather  long  glandular  hairs,  otherwise  as  in 
C.  pilosiuscula. 


TAMARISCINEiE. 

Benth.  et  Hook.  Gen.  PI.  i.  159. 


Fricit  and  Seed. — The  one-celled  ovary  consists  of  from 
three  to  five  carpels,  and  as  many  parietal  placentas,  which  pro- 
ject into  the  interior  and  often  become  more  or  less  united  with 
one  another,  thus  imperfectly  dividing  it  into  loculi.  The 
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placentas  also  vary  greatly  in  length  in  the  different  species, 
some  rising  but  a  short  way  above  the  base  of  the  ovary, 
while  in  other  cases  they  nearly  equal  the  length  of  the 
cavity     The  ovules  vary  from  two  to  many  on  each  placenta 
and  are  erect  and  anatropous,  with  the  raphe  on  the  ventral 
aspect  and  an  inferior  micropyle.    The  fruit  is  a  capsule  de- 
hiscing, by  valves  and  liberating  the  seeds,  which  are  furnished 
with  a  curious  contrivance  for  their  distribution.    In  some 
cases  they  are  prolonged  into  a  slender  beak  covered  with 
loner  silky  hairs,  while  others  have  no  beak  but  are  covered 
all  ^over  with  long  hairs,  and  a  third  type  is  furnislied  with 
winas     The  seeds  contain  a  mealy  or  fleshy  endosperm, 
sometimes  in  very  small  quantity,  or  there  may  be  none  at 
all  as  in  Tamarix  and  Myricaria.    The  embryo  is  straight 
with  flat  cotyledons,  and  a  short  radicle  close  to  the  hilum  ; 
and  Where  endosperm  is  wanting  it  entirely  fills  the  seed,  to 

which  it  conforms  in  shape.  _     ^.  .       .  a 

The  Tamariscine^B  include  some  forty  species  distributed 
amongst  five  genera,  and  consist  of  very  finely  branched 
shrubs,  rarely  trees  or  rigid  herbs.  The  leaves  are  alternate, 
minute,  and  often  scale-like. 


ELATINEiE. 

Benth.  et  Hook.  Oen.  PI.  i-  162. 

Fruit  and  S«<i.-The  ovary  contains  from  two  to  five  cells 
corresponding  to  the  number  of  the  sepals  and  petals  m  the  d.f- 
e  eZpecies!  The  ovules  are  numerous  on  the  mner  an^i 
the  cells  horizontal  or  ascending,  anatropous,  with  a  la,teral  or 
ittmerior  raphe.    The  fruit  in  dehiscing  splits  along  he 
int  ^dge    f   he  septa,  leaving  a  central  column  bearuig 
he  seeds  or  often  along  the  outer  edge,  leaving  the  septa 
attached  to  the  central  column.    The  seeds  are  numerous, 
ylMrta   sLight,  or  slightly  curved  as  in  f  "^^/^ 
1;  v»,-v  much  curved  like  the  head  of  a  shepherd  s  staff  as  m 
E   Hvdrp  pe    «Trongly  and  closely  striated  transversely, 
!ndSuminous  or  with  a  thin  layer  only  of  endosperm.  In 
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some  of  the  species  of  Bergia  they  are  smooth,  and  these 
species  are  sometimes  placed  in  a  separate  genus,  Merimea. 

The  embryo  is  cyhndrical,  conforming  in  outHne  to  that 
of  the  seed,  which  it  wholly  occupies.  The  radicle  is  close  to 
the  hilum,  much  longer  than  the  cotyledons  and  equalling 
them  in  width. 

The  Elatinese  include  twenty  species  of  slender  aquatic  or 
marsh  herbs  or  small  shrubs,  creeping  or  spreading  diffusely. 
They  are  widely  dispersed  throughout  the  world,  but  most 
abundant  in  the  Old  World,  growmg  in  shallow  water  like  our 
native  Elatine  Hydropiper,  and  E.  hexandra. 


HYPERICINE.E. 

Bentli.  et  Hook.  Gen.  PI.  i.  163. 

Frait  and  Seed. — The  carpels  vary  from  three  to  five  ;  rarely 
reduced  to  one,  as  in  Endodesmia  calophylloides.  The  ovules 
are  usually  numerous,  ascending  or  horizontal  from  parietal 
or  axile  placentas,  and  anatropous  with 
a  lateral  or  superior  raphe.  The  fruit 
is  a  capsule  in  the  tribes  HypericeEe 
and  Cratoxyleae,  but  baccate  and  inde- 
hiscent  in  the  Vismieffi.  That  of  En- 
dodesmia, containing  only  one  pendu- 
lous seed,  is  a  drupe,  while  that  of 
Haronga  forms  a  drupe  with  five  woody 
pyi-enes  as  in  Crataegus.  The  seeds 
are  exalbuminous,  straight  or  rarely 
curved,  with  a  crustaceous,  or  more 
often  membranous,  testa  expanded  into 
a  wing  in  Ehaea  and  Cratoxylon.  The 
embryo  is  generally  straight,  but  in- 
curved in  a  few  of  the  species  of  Hy- 
pericum, and  always  conforms  to  the 
seed.  The  cotyledons  are  flat,  except  in  Endodesmia,  where 
they  are  thick  and  fleshy;  they  are  longer  than  the  radicle 


Big.      .—Hypericum  Andro- 
scBvimn.   Nat.  size. 
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except  in  the  trihe  Hypericea3,  where  they  are  usually  shorter. 
The  radicle  is  close  to  the  hilum. 

Hypericum  Androssemum,  L.  (fig.  207). 

Primary  root  slender,  wiry,  flexuous,  brownish,  with  few  lateral 

rootlets.  ,        •  1    o  r  1 

Hvpocotyl  erect,  terete,  glabrous,  brownish,  3-5  mm.  long. 
Cotyledonsvevy  small,  ovate.obtuse,  cuneateat  the  base,  glabrous, 

shortly  petiolate;  lamina  2  mm.  long,  1-5  mm.  broad ;  petiole  1  mm. 

stem  sufeuticose,  erect,  terete,  or  slightly  two-angled  by  Imes 
decurrent  from  the  bases  of  the  leaves,  glabrous,  green  or  reddish, 
ultimately  brown;  1st  internode  1-5  mm.  long;  2nd  1-75  mm.; 
3rd  2-5  mm.;  4th  2  mm. 


GUTTIFERiE.  ! 

Benth.  et  Hook.  Gen.  PI.  i.  167.  j 

Fruit  and  Seed.-'Ihe  ovary  of  the  Guttiferae  varies  from 
two  to  many  cells,  except  in  Calophyllum  and  Kayea,  where 
it  is  one-ceUed  and  one-ovuled.  There  is  only  one  ovule  m  each 
ceU  of  Tovomita  and  in  the  tribe  Garciniea^,  otherwise  almost 
without  exception  the  ovules  vary  from  two  to  many  in  each 
cell  and  are  erect  and  anatropous,  attached  to  a  central  placenta 
or  arising  from  the  base  of  the  cavity,  with  the  micropy  e 
inferior    The  fruit  is  fleshy,  leathery,  or  pulpy,  and  rarely 
dehisces  at  maturity  except  in  the  tribe  Clusie.   where  it 
splits  into  valves  at  the  septa.  The  seeds  are  large,  requen  ly 
so  itaryineach  cell,  sometimes  numerous  amongst  the  speci  s 
rClusia,  and  often  enveloped  at  the  base  by  a  lobed  or  corru- 
gated aril  or  arillode.    The  testa  is  membranous  and  leathery, 
ra  ely  spongy  as  in  some  species  of  Calophyllum  ;  m  the  Man- 
gosteenTa^^^^^^^^  Mangostana)  it  is  covered  with  a  thick  pulpy 
aril  forming  the  edible  part.    Endosperm  is  wan  mg. 

TCmbryo  is  large,  filling  the  seed,  to  which  it  conforms 
it  present  a  remarkable  and  abnormal  ca8e,  masmuch  as 

mainly  of  a  ^^^^  ^^^'f^ 
small  and  scale-like  inconspicuous  ^  J^^^^^ 
the  tribe  Clusiece.  while  they  are  said  to  be  absent  m  the 
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Moronobeee  and  wanting  or  very  minute  in  the  Garciniete. 
The  radicle  is  always  inferior,  and  in  the  Calophyllese  it  is  very 
short  with  large  cotyledons  sometimes  grown  together  in  a 
mass.  In  Quiina  they  are  large  and  fleshy  but  distinct,  while 
the  radicle  is  very  short. 

Seedlings. — In  the  seedlings  observed  the  cotyledons  where 
present  are  subterranean  in  germination,  and  this  generally 
obtains  where  seeds  are  large,  exalbuminous,  and  contain  a 
fleshy  embryo.  The  cotyledons  of  Calophyllum  Inophyllum 
(fig.  209)  occupy  a  large  globular  seed,  and  their  fleshy  petioles 
are  just  long  enough  to  allow  the  plumule  to  get  clear  out 
of  the  seed.  They  are  also  subterranean.  The  first  pair 
of  leaves  are  reduced  to  scales,  as  are  also  generally  the  second 
pair,  or  these  are  imperfectly  developed.  Then  follow  two  pairs 
of  narrowly  elliptical,  obtuse  leaves,  after  which  the  seedling 
stops  growing  for  the  season.  The  penninerved  venation  is 
remarkable  on  account  of  the  dense  arrangement  of  the  veins 
in  parallel  Hnes. 

Xanthochymus  pictorius  (fig.  208)  and  Mesua  ferrea  agree 
with  the  above  in  aU  general  particulars ;  but  in  the  former 
the  first  four  pairs  of  leaves  are  reduced  to  small,  ovate, 
or  subulate,  black  scales,  and  only  one  pair  of  lanceolate 
acuminate  leaves  are  produced  in  the  first  year.  The  veins 
of  the  leaves  are  parallel  but  wider  apart  than  in  Calo- 
phyllum. In  Mesua  ferrea  the  first  four  pairs  of  leaves  are 
small,  scaly,  and  caducous,  followed  by  two  pairs  of  lanceolate- 
oblong  very  finely  penninerved  leaves,  after  which  growth 
ceases  for  a  time.  When  growth  recommences  the  terminal 
bud  is  blind,  and  two  axillary  branches  are  developed  bearing 
a  single  pair  of  narrower,  oblong  leaves,  and  again  terminate 
in  a  blind  bud.  The  branching  is  therefore  strictly  cymose 
from  a  very  early  stage,  that  is,  from  the  end  of"  the  first 
year's  growth  of  the  seedling. 

Xanthochymus  pictorius,  Boxb.  (fig.  208). 

Primary  root  long,  stout,  fleshy,  yellowish,  giving  rise  to  a  few 
strong  adventitious  roots  near  the  upper  end. 

Hypocotyl  short  and  merging  into  the  root,  subterranean. 
■  Cotyledons  subterranean,  large,  fleshy,  filling  the  large  seed  and 
not  leavmg  the  testa. 
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Stevi  woody,  erect,  terete,  striate,  minutely  tuberculate,  gla- 
brous, deep  green  ;  1st  internode  subterranean  ;  2nd  1-9  cm.  long  ; 
3rd  2-8  cm. ;  4tli  3-7  cm. ;  5tb  2-9  cm. 

Leaves  simple,  entire,  cauline,  stipulate,  opposite,  decussate, 
petiolate,  glabrous,  penninerved,  coriaceous,  deep  green,  with  a 
raised  prominent  midrib  on  both  surfaces  ;  petioles  short,  stout,  with 
the  flattened  midrib  occupying  nearly  the  whole  of  its  upper  surface 
and  thickened  above  at  the  base,  covering  and  protecting  the  bud, 
prominently  convex  on  the  back,  articulated  with  the  stem;  stipules 
small,  interpetiolar,  triangular. 


Fig.  W8.—Xanihochymus  pictorius.   Half  nat.  size. 

1st  to  4th  pair  of  leaves  inclusive  reduced  to  small,  ovate,  or  the 
unnermost  subulate,  acute,  carmate,  black  scales. 

h  lanceolate,  elhptic,  acuminate,  with  a  prominent  midi  b 
and  thickened  nerve-like  margin,  8  cm.  long,  3  cm.  broad  towards 

'"^'Saie  leaves  oblong-elliptic,  entire,  subacuminate,  obtuse, 
penninerved,  with  paraUel  veins,  deep  green,  coriaceous,  eveigieen, 
stipules  smaU,  triangular,  interpetiolar. 

Calophyllum  Inophyllum,  L.  (fig.  209). 

Hypocotyl  undeveloped. 

Cohjledons  thick  and  fleshy,  remaimng  in  the  tes  a  aflei^g^^ 
mination,  shortly  petiolate  with  strong  fleshy  petioles,  subteiia^ean. 
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Stem  erect,  somewhat  compressed  on  opposite  sides  between 
each  internode  (the  greater  diameter  being  in  the  plane  of  the  pair 
of  leaves  immediately  above  each  internode),  glabrous,  deep  green, 
more  or  less  mottled  with 
minute  colourless  dots, 
ultimately  woody;  1st  in- 
ternode l-4-l'7  cm.  long; 
2nd  2-5— 2-8  cm.;  3rd 
4  cm. ;  4th  1-8-2  cm. 

Leaves  simple,  entire, 
cauline,  opposite,  exstipu- 
late,    petiolate,  densely 
and  alternately  or  often 
oppositely    and  ascend- 
ingly  penninerved,  with 
slender,  parallel  nerves, 
resembling    strife,  that 
run    straight    and  un- 
branched  from  the  mid- 
rib to  the  margin — rarely 
do  two  contiguous  ones 
coalesce    close    to  the 
margin  to  form  a  single 
nerve — shining  on  both 
surfaces,     deep  green 
above,   hght    green  be- 
neath, hyaline  and  finely 
glandular-pubescent  at  the 
margin,otherwise  glabrous 
and    soon    losing  the 


Fig.  209. — Caloplmjllum  InopJiyllum. 
Half  nat.  size. 


glands;  petioles  short,  stout,  glabrous,  light  green,  semiterete, 
flattened  above,  slightly  thickened  at  the  insertion  on  the  stem. 

1st  pair  small,  scale-hke  and  reduced  to  their  midrib. 

2nd  pair  similar  or  sometimes  much  better  developed,  and 
sometimes  unequal,  when  the  larger  one  is  oblong  or  oblon^^- 
lanceolate  and  obtuse. 

3rd  and  4th  pairs  narrowly  elliptical,  obtuse,  perfect  and 
normal. 

Mesua  ferrea,  L. 

Hypocotyl  subterranean,  very  short  or  hardly  developed. 
Cotyledons  large,  fleshy,  subterranean,  and  remainini?"  in  the 
broadly  amygdaloid  seed  until  they  decay. 
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Stem  terete,  strong,  tapering  upwards,  glabrous,  green,  soon 
becoming  woody,  brown  and  striated  longitudinally;  1st  mternode 
4-3-4-5  cm.  long  ;  2nd  3-5-3-8  cm. ;  3rd  2-2-5  cm. ;  4th  and  5th 
about  2-3-2-5  cm. ;  Gth  2-5-3  cm. 

Leaves  simple,  entire,  cauline,  opposite,  stipulate,  petiolate, 
closely  and  alternately  or  almost  oppositely  pennmerved,  with  the 
nerves  simple  or  shghtly  forked  and  proceeding  almost  at  righ 
angles  from  the  midrib  to  a  slender,  continuous,  and  submargmal 
nerve  with  numerous  intermediate,  very  slender  nerves,  and  finely 
almost  indiscernibly  reticulate,  coriaceous,  glabrous,  deep  green 
above,  glaucous  beneath,  with  the  midrib  prominent  on  both 
surfaces,  evergreen ;  petioles  short,  subterete,  shghtly  flattened 
above  or  obsoletely  channelled,  glabrous,  furnished  at  the  base 
with  two  minute,  deltoid,  obtuse  auricles  or  stipules,  connate  around 
axillary  buds. 

1st  to  4th  pairs  of  leaves  reduced  to  smaU,  caducous  scales. 
5th  and  6th  pairs  lanceolate-oblong,  acuminate,  rounded  at  the 

Here  the  stem  ends  in  a  bhnd  bud  and  two  axillary  buds  are 
developed,  which  become  branches,  bearing  each  apairot  leaves 
at  their  apex,  endmg  in  a  bhnd  terminal  bud,  and  agam  developmg 
a  pair  of  axillary  buds.  The  leaves  on  these  branches  are  narrower 
than  those  of  the  stem,  oblong,  acuminate,  obtuse,  and  rounded  at 
the  base. 


TERNSTRCEMIACEii. 

Benth.  et  Hook.  Gen.  PI.  i.  177. 

Fruit  and  Seed.-TlhB  ovary  is  free,  rarely  immersed  in  the 
torus  as  in  Anneslea  and  Visnea,  generally  three-  ^  fije-ceUed 
except  in  Ternstrcemia  and  in  a  few  species  of  alhed  geneia 
where  it  is  imperfectly  septate.  The  ovules  vary  m  number 
exceedingly  from  two  to  many  in  a  cell,  rarely  solitary  ^s  m 
Caryocar.  Anthodiscus,  Omphalocarpum,  Pelhciera,  and  Hap 
loclathra.'  They  are  either  erect  or  1---^^^  '  ^  Pjf^^^^^^ 
and  anatropous,  sometimes  campylotropous,  or  lateially  a^^^^^^^ 

and  amphitropous  with  the  micropyle  ^^^P^^'^^^^  /"/X- 
The  ovary  is  two-celled  in  Pelliciera,  maiiy-celled  m  AnU  o 
discus,  Actinidia  and  Omphalocarpum.    The  fruit  is  flesln, 
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leathery  or  almost  woody,  or  a  loculicidal  or  septicidal  capsule, 
the  septa  often  breaking  away,  leaving  a  central  columella. 

The  seeds  are  solitary  or  more  often  several  or  numerous, 
and  attached  to  axile  placentas,  which  are  usually  stout  and 
spongy  or  fleshy ;  and  they  also  vary  exceedingly  in  size,  some 
being  very  large  as  in  Ternstroemia,  Caryocar,  Pyrenaria," 
PelHciera,  Camellia,  Kielmeyera,  and  Caraipa.  The  woody  or 
bony  character  of  the  testa  is  very  marked  in  most  of  these 
large  seeds  ;  and  their  variability  in  shape  and  in  the  direc- 
tion of  the  longer  axis  is  well  seen  in  CameUia  reticulata. 
Some  seeds  are  more  or  less  winged,  as  in  Pentaphylax, 
Stuartia,  Schima,  Gordonia,  Laplacea,  Kielmeyera,  and  Marila, 
in  the  last  of  which  the  wing  is  fimbriate  ;  while  others  are 
fleshy,  and  probably  adapted  for  dispersion  by  animals.  The 
endosperm  is  generally  scanty  or  absent,  and  this  may  vary  even 
in  the  same  genus,  as  m  CameUia,  for  instance,  where  endo- 
sperm is  said  to  be  absent.  In  Camelha  theifera  it  is, 
indeed,  altogether  wantmg,  as  well  as  in  Pyrenaria,  Gor- 
donia, Laplacea,  Caraipa,  PelUciera,  Marila,  and  others.  The 
testa  is  so  thin  in  Pelliciera  as  to  be  almost  evanescent. 
Endosperm  is,  however,  very  copious  in  Actmidia,  Saurauja, 
and  Stachyurus.  The  embryo  varies  exceedingly ;  being  short 
and  straight,  curved,  rephcate,  inflexed,  horseshoe-shaped,  or 
spiral,  and  the  cotyledons  and  radicle  also  vary  in  their  pro- 
portionate lengths,  the  compHcations  which  they  undergo, 
depending  greatly  upon  the  shape  and  other  characters  of  the 
seed. 

The  embryo  is  straight  and  axile  with  very  short  cotyledons 
in  Actinidia,  similar  or  shghtly  incurved  in  Saurauja,  and 
straight,  nearly  equalling  the  endosperm,  in  Stachyurus,  with 
eUiptic  cotyledons ;  also  in  Stuartia,  where  the  cotyledons  are 
oval ;  in  Laplacea,  where  they  are  oblong  and  flat ;  and  in 
Microsemma,  where  they  are  ovate  and  flat.  Linear  and  slender, 
straight  seeds  (to  which  the  embryo  conforms)  occur  in  Bon- 
netia,  Archytsea,  Mahurea,  and  Marila,  but  the  cotyledons  are 
generally  broad  and  the  radicle  short.  The  seeds  are  without 
endosperm  or  almost  so,  and  the  embryo  is  slightly  curved  in 
the  Marcgraviete.  In  the  tribe  Gordoniea),  to  which  the 
Camellia  belongs,  there  is  considerable  variation  in  the  form  of 
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the  embryo,  for  besides  Stuartia,  Laplacea,  and  Microsemma 
mentioned  above  with  a  straight  and  flat  embryo,  it  is  neai-ly 
flat  in  Gordonia,  or  the  cotyledons  are  slightly  undulate-plicate, 
and  slightly  curved  or  oblique.    This  leads  to  another  group 
in  which  the  cotyledons  are  folded,  plaited,  or  undulated  lon- 
gitudmally,  as  in  Camelha  reticulata.    Here  the  seeds  are 
extremely  variable  in  outline  and  variously  angled  by  mutual 
compression,  flattened  on  one  side  and  convex  on  the  o  her, 
or  flattened  on  both  sides  ;  again  they  are  more  or  less  falcate 
and  drawn  out  to  an  obtuse  three-  to  four-angled  pomt,  at 
the  opposite  end  from  the  hilum,  oblong  or  oblate,  with  the 
broadest  end  always  next  the  placentas.    There  are  two  seed- 
coats,  the  outer  woody  or  bony,  and  the  inner  membranous. 
The  embryo  is  large,  fleshy,  straight,  colourless,  and  lies 
alone  the  longer  axis  of  the  seed  whether  that  is  at  right  angles 
or  transverse  to  the  placentas.    The  cotyledons  are  oblong, 
obtuse,  somewhat  auricled  at  the  base,  much  plaited  longitudi- 
nally, lying  in  the  broader  plane  of  the  seed,  with  then'  edges 
to  the  placenta  in  the  oblate  seeds,  but  with  the  radicle  to  the 
hilum  or  placenta  in  the  long  and  narrow  ones     The  seeds 
in  these  cases  would  seem  to  be  amphitropous  and  anatropous 
respectively.    Schima  and  Pyrenaria  agree  with  this  type  in 
having  large  embryos  and  corrugated  cotyledons ;  but  the 
radicle  here  is  long  and  incurved  or  inflexed.    Pelhciera  has 
broad,  thick,  and  fleshy  cotyledons  with  a  straight  radicle. 
The  tea-tree  (Camellia  theifera)  offers  a  remarkable  exception 
amongst  its  congeners  in  having  a  large,  fleshy,  and  g  obular 
embryo,  with  the  small  radicle  and  plumule  completely  sur- 
rounded or  covered  by  the  hemispherical  cotyledons.  The 
radicle  of  C.  reticulata  projects  considerably  beyond  the  cotyle- 
dons.   PeUiciera  is  also  remarkable  in  having  a  highly  evolute 

Hillpocrepiform  or  much  curved  embryos  occur  in  Visnea, 
Anne  lea,  Ternstroemia,  Adinandra,  Cleyera,  Freziera  Eurya, 
and  Pen  aphylax,  all  belonging  to  the  tribe  Ternstrcrmie.. 
This  is  due  to  the  seeds,  which  are  curved  or  horseshoe-shaped, 
and  generally  of  no  great  thickness,  the  cotyledons  bemg 
emiterete  and  shorter  than  the  radicle.  The  W^^^^^^^^^ 
the  radicle  is  carried  to  excess  in  Caryocar  and  Antbodi^^^^^^^ 
where  the  cotyledons  are  extremely  reduced  m  length  and 
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bamato-inflexed.  The  radicle  is  of  great  size,  thick,  fleshy, 
and  bent  or  incurved  in  Caryocar,  and  very  long  and  spirally 
coiled  in  Antbodiscus,  with  the  short  cotyledons  in  the  centre 
of  the  helix. 

Cotyledons.— Yexy  few  of  this  Order  are  cultivated  in 
gardens,  and  still  less  often  are  they  raised  from  seeds.  The 
CamelHa  is  most  common,  while  Marcgravia  and  Stuartia 
are  sometimes  grown.  The  cotyledons  of  Camellia  theifera 
(fig.  210)  swell  up  somewhat  during  germination,  bursting  the 
woody  testa,  but  otherwise  do  not  alter  m  size  and  shape. 
They  form  a  hemispherical  mass  occupying  the  interior  of  the 
seeds,  and  are  subterranean.  They  assume  more  or  less  of 
a  green  colour  should  they  be  exposed  to  light  during  germina- 
tion by  the  bursting  of  the  testa  and  removal  of  the  soil. 

It  is  probable  that  the  cotyledons  of  other  species  and 
genera  are  subterranean  even  after  germination,  as  for  instance 
m  the  case  of  Caryocar,  Pelliciera,  Kielmeyera,  and  others. 

Camellia  theifera,  Griff. 

Capsule  woody,  dehiscing  loculicidally,  few-seeded. 

Seeds  large,  globose- ovoid,  more  or  less  flattened  around  the 
hilum,  and  frequently  much  flattened  on  one  side  by  mutual 
pressure  attached  to  the  axile  placentas,  and  pendulous  ;  seed- 
coat  woody  brown,  of  two  layers,  the  inner,  tegmen,  of  a  deep  sbinin^ 
chocolate  colour  ;  hilum  oval,  frequently  if  not  always  attended  by 
three  more  or  less  deep  and  conspicuous  depressions  which  probably 
mdicate  the  positions  of  aborted  ovules  ;  raphe  (best  seen  when  the 
inner  coat  separates  from  the  outer)  consisting  of  a  broad  trunk 
p  ceedmg  from  the  hdum  close  to  the  upper  end  of  the  seed,  whe^ 
fdpf  AT'  ''"^  f  ensively  and  spreads  over  the  testa  o  i  both 
sides  of  this  mam  trunk  ;  radicle  superior,  close  to  the  hilum 

Miiidospervi  absent. 

.n.T^T  ^T^''  P^^^  yellowish-White;  cotyledons 

equal  and  each  occupying  half  the  interior  of  the  seed,  o  the  shap 
of  which  It  conforms,  flat  on  the  opposed  faces  and  much  round  d 
on  he  back  m  the  round  seeds,  but  more  or  less  and  variousTv 
angled  when  he  seed  happens  to  be  compressed  on  one  o  mot 
sides ;  plumule  very  small,  towards  the  base  of  the  cotvTedon 
radicle  very  small,  included  between  their  base.  ^^^^^^^dons  , 

Seedling  (fig.  210). 

Primary  root  long,  stout,  tapering  very  slightly,  becoming  ' 
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woody,  colourless,  ultimately  giving  off  numerous  flexuose  and 

branching  rootlets. 

Hypocotyl  similar  to  the  radicle,  but  stouter,  1-5  cm.  long, 

8  mm.  thick. 


Pig.  m.-^Ocwiellia  theifera,  var.  Assam  hybrid.    Half  nat.  size. 

Cotyledons  opposite,  turned  on  one  side,  ^o^^^f  J, ^^^^^^^^ 
fleshy,  and  remaining  in  the  testa  a  long  time  while  the  plant  gam 

''''It  erect,  terete,  woody,  pubescent  Pale_g---  — J 
brown;  Ist  internode  1-2  cm.  long;  2iid  2-5  mm..  8rd  6  mm.. 
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8mm.;  6th  1-8  cm.;  Gth  1-3  cm.;  7th  7  mm.;  8th  8  mm.;  9th 
4  mm. ;  10th  8  mm. ;  11th  4  mm. 

Leaves  simple,  cauhne,  alternate,  exstipulate,  petiolate,  cori- 
aceous, evergreen,  glabrous  except  on  the  midrib. 

Nos.  1  and  2.  Oblanceolate,, obtuse,  7  mm.  long,  3  mm.  broad. 

Nos.  8  and  4.  Spathulate,  emarguiate,  obtuse;  largest  one  8  mm. 
long,  5  mm.  broad. 

No.  5.  Obovate,  emarginate,  1-6  cm.  long,  1  cm.  broad,  obscurely 
serrate. 

No.  6.  Elhptic,  obtuse,  emarginate,  obtusely  serrate,  with  api- 
culate  serratures,  5*5  cm.  long,  8-7  cm.  broad. 

Nos.  7  and  8.  EUiptic,  subacuminate,  emarginate,  buUate, 
serrate,  with  apiculate  serratures  ;  petioles  1-5  mm.  long ;  lamina 
of  No.  7,  7-7  cm.  long,  4-5  cm.  broad ;  lanuna  of  No.  8,  8-8  cm. 
long,  5-1  cm.  broad. 

Camellia  reticulata,  Lindl. 

Capsule  large,  but  short,  woody,  three-  to  five-ceUed,  with  one 
or  more  seeds  in  each  cell,  dehiscing  locuhcidally  when  mature. 

Seeds  very  variable  m  outline,  and  variously  angled  by  mutual 
pressure,  somewhat  flattened  on  one  side  and  convex  on  the  other 
or  flattened  on  two  sides,  more  or  less  falcate  m  outline  and  drawn 
out  to  an  obtuse,  three-  to  four-angled  point  at  the  opposite  end  from 
the  hilum,  oblong  or  oblate,  with  the  broadest  end  always  next  the 
placenta  ;  h:lum  forming  a  large  scar,  linear  or  oblong,  or  variously 
angled  m  outhne,  pale  coloured  ;  micropyle  contiguous  to  or  on  the 
basal  scar;  seed-coat  double;  outer  (testa)  woody  or  bony  thick 
brown,  and  shming  externally  ;  inner  (tegmen)  thmner,  paler,  mem- 
branous. 

Endosperm  said  to  be  absent  in  mature  seeds,  but  m  the  speci- 
mens exammed  there  was  an  evident  though  thin  layer  of  fleshv 
white  endosperm,  hning  the  inner  coat  of  the  testa 

Embryo  very  large,  straight,  colourless,  lying  in  the  longer  axis 
of  the  seed  whether  that  is  transverse  or  at  right  angles  to  the 
receptacle ;  cotyledons  oblong,  obtuse,  somewhat  auricled  at  the 
base  otherwise  entire,  much  plaited  longitudinally,  lying  in  the 

L'el  w^tM^^^^^  '  f  --^^--^^y  -  the  oblate 

seeds  with  their  edges  to  the  placenta  or  hilum,  and  in  the  lone 

narrow  seeds  with  the  radicle  next  the  hUum  ;  radicle  short,  oblong 

stout,  obtuse,  projecting  sUghtly  beyond  the  auricles  of  the  cotv' 

iSe'o&dl''^  °^  ''^"^  ^ 
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DIPTEROCARPE^. 

Benth.  et  Hook.  Gen.  PI.  i.  189. 

Fruit  and  Seed.-The  ovary  is  generally  three-,  rarely  two- 
or  one-celled  as  in  Ancistrocladus  and  Lophira,  the  former 
having  one  ascending  ovule  and  the  latter  eight  to  twelve  erect 
ovules  from  a  short  central  placenta.    In  all  other  cases  the 
ovules  are  geminate  in  each  cell,  pendulous  and  anatropous  or 
inserted  on  the  placenta  hy  their  sides  and  subanatropous  with 
a  ventral  raphe  and  superior  micropyle.    Almost  the  same 
variability  is  met  with  as  amongst  the  Ternstrffimiace^.  The 
fruit  is  free  or  enclosed  in  the  enlarged  persistent  tube  of  the 
calyx  as  in  Dipterocarpus,  two  out  of  the  five  lobes  of  which 
form  wings  of  considerable  size,  whUe  the  other  three  remam 
small   A  third  form  is  met  with  in  Ancistrocladus,  Anisoptera, 
and  Pachynocarpus.    The  mature  fruit  contains  one,  rarely 
two,  seeds,  and  dehisces  very  slowly  or  not  at  all.    The  seeds 
are  large,  pendulous,  and  anatropous,  rarely  erect ;  they  are 

exalbuminous.  ,       .  ,  i 

The  embryo  is  always  large,  and,  when  the  cotyledons  are 
thick  and  fleshy,  it  conforms  to  the  seed.  It  varies  greatly, 
however,  in  different  genera.  The  cotyledons  are  equal,  oi 
unlqual  and  straight,  or  lobed  and  plaited  In  some  cases 
they  are  thin,  and  in  the  effort  to  fill  the  need  become  thio_^ 
into  remarkably  twisted  or  corrugated  folds.  The  ladicle 
pdnts  to  the  hiiurn  and  is  sHghtly  exserted,  or  m  other  cases 
elongated,  but  included  between  the  cotyledons. 


CHLtENAGExE. 

Benth.  et  Hook.  Gen.  PI  i.  194. 

There  are  but  eight  species  in  this  Order,  distributed 
f  Wnencra  and  all  are  natives  of  Madagascar.  The 

horl'itl^^^^  ovules.    The  fruit  is  a  capsule,  neaily 
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always  enclosed  in  an  enlarged  involucre  and  three-celled  with 
one  or  two  seeds  in  each  loculus,  or  one-celled  and  one-seeded 
by  abortion  as  in  Leptolsena.  The  seeds  are  pendulous  or 
attached  by  the  sides,  with  a  coriaceous  testa  and  a  fleshy  or 
horny  endosperm. 

The  embryo  is  straight  and  embedded  in  the  centre  of  the 
endosperm,  and  has  fohaceous,  flat  or  wavy  cotyledons. 

The  Chlsenacese  are  small  trees,  except  Ehodolasna,  which 
is  a  shrubby  climber  supporting  itself  on  tall  trees.  The  leaves 
are  alternate,  generally  stipulate,  and  have  a  penninerved  and 
reticulate  venation. 


MALVACE^. 

Benth.  et  Hook.  Gen.  PI.  i.  195. 

Fruit  and  Seed. — The  carpels  vary  from  two  to  many,  and 
in  most  cases  are  arranged  in  a  whorl  around  the  torus.  They 
are  soHtary  in  a  few  species  of  Plagianthus,  and  in  Malope, 
Palava,  and  Kitaibelia  are  very  numerous,  but  confusedly 
arranged  over  the  torus.  The  ovules  are  solitary  and  ascending 
in  each  carpel  of  the  subtribes  Malopese  and  Eumalves,  solitary 
and  pendulous  in  Sidese,  but  vary  from  twa  to  many  m  the 
Abutile^  with  the  exception  of  Wissadula  divergens.  They 
also  vary  in  number  in  the  other  tribes.    They  are  very 
frequently  amphitropous,  sometimes  almost  anatropous,  and 
ascending  or  horizontal  with  a  ventral,  lateral,  or  superior 
raphe ;  in  other  cases  they  are  pendulous  with  a  superior  or 
dorsal  raphe. 

The  fruit  is  dry,  rarely  berried  as  in  Malvaviscus,  and 
falls  away  fi-om  the  axis  as  mdehiscent  or  dehiscent  cocci,  or  it 
IS  a  loculicidal  capsule  dehiscing  by  valves.  There  are  a  few 
exceptions  in  which  the  fruits  are  one-seeded  and  indehiscent, 
as  m  Cavanillesia  and  sometimes  in  Quararibea  and  Plaei- 
anthus.  ^ 

The  seeds  are  reniform  in  the  more  typical  Malvacefe; 
out  m  other  cases  are  subglobose  or  obovoid.  The  testa 
IS  generally  crustaceous,  usually  more  or  less  wrinkled,  and 

li  2 
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smooth  or  pilose  or  covered  with  long  woolly  hairs,  as  in  most 
of  the  species  of  Gossypium. 

In  some  of  the  species  of  the  tribe  Bombacese  the  seed  has 
a  fleshy  or  pulpy  aril.  Endosperm  is  present  or  absent,  but 
IS  generally  scanty  and  mucilagmous  ;  it  is  fleshy  and  plentiful 

in  a  few  cases  only. 

The  embryo  varies  according  to  the  character  of  the  seed, 
reniform  seeds  having  a  curved  and  more  or  less  folded  embryo 
with  the  back  of  the  cotyledons  to  the  axis,  and,  as  the  result 
of  the  folding,  their  edges  also.  In  obovoid  seeds  the  embryo 
is  straight  as  in  the  subtribe  Fremontiese,  where  the  cotyledons 
are  flatt  In  most  cases  however  the  cotyledons  are  foUaceous, 
of  large  size,  and  folded  or  twisted  and  phcate,  enclosing  the 
radicle.  More  rarely  they  are  thick  and  fleshy  as  in  Durio 
zibethinus. 

The  radicle  in  horizontal  amphitropous  seeds  such  as  those 
of  the  Mallow  lies  in  the  lower  part  of  the  seed,  and  following 
the  outline  of  the  testa  becomes  more  or  less  upturned  towards 
the  hilum.  It  is  inferior  in  ascending  seeds,  and  in  those  that 
are  pendulous  it  becomes  incurved,  pointmg  downwards  to  the 

hilum.  p      ■,     T     1  • 

The  simplest  and  most  typical  form  of  seed  and  embryo  is 

that  seen  in  Malva  sylvestris  or  Althaea  rosea.  The  seeds  are 
reniform  and  the  embryo  conforms  to  them  in  general  outlme  ; 
the  tip  being  involute  and  lying  between  the  outer  parts.  The 
radicle  is  more  or  less  wrapped  round  by  the  base  of  the  coty- 
ledons. , .  ^  .  1  J.1 
The  casebecomes  more  complicated  m  Gossyi^mm,  where  the 

seed  is  large  and  globose  or  angled.  The  embryo  is  short,  and 
in  making  an  effort  to  attain  a  large  size  to  fill  the  seed,  which 
contains  but  a  small  quantity  of  endosperm,  the  cotyledons 
have  grown  excessively  in  width,  and  in  order  to  accommodate 
themselves  to  the  shape  of  the  seed,  have  become  gimtly  folded 
and  plaited,  with  their  bases  wrapped  round  the  radicle. 
Other  instances  of  large  seeds  and  a  compHcated  embryo  may 
be  seen  in  Bombax,  Eriodendron,  and  Pachira. 

Seeds  containing  a  straight  embryo  and  flat  cotyledons 
have  already  been  mentioned.  In  those  the  radicle  is  verj 
short. 
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Seedlings. — The  cotyledons  of  the  various  types  which  have 
come  under  my  notice  are  nearly  all  modifications  of  the  same 
plan  ;  but  they  may  be  classified  under  six  headings,  namely, 
cordate,  roundly  cordate,  reniform,  ovate,  oblong,  and  trans- 
versely oblong, 

Malva  moschata  (fig.  211)  may  be  taken  as  a  good  represen- 
tative of  the  first  group.  The  cotyledons  are  slightly  unequal 
in  size,  cordate,  muiutely  emarginate,  obsoletely  tri-lobed 
or  -angled  towards  the  apex,  and  trinerved.  The  angled 
appearance  is  due  to  the  manner  of  the  foldmg  while  yet  in 
the  seed  (see  ante,  p.  41).  It  is  even  more  distinct  in  some 
species  than  in  this.  In  species  belonging  to  many  other 
genera  the  cotyledons  are  merely  slightly  constricted  below 
the  tip  instead  of  bemg  angled.  Malva  sylvestris,  M.  rotundi- 
foha,  Sidalcea  malv^flora,  Malvastrum  peruvianum,  Navsa 
phoemcea,  LagunSria  Patersonii,  Abutilon  asiaticum,  and 
Eriodendron  anfractuosum  (fig.  216)  agree  generally  with  this 
type.  The  last  named  is  notable  for  the  size  and  persistency 
of  its  cotyledons. 

Lavatera  trimestris  differs  only  in  the  depth  of  the  apical 
notch  or  emargination.  In  several  of  the  above  species  there 
IS  no  apical  notch  at  all.  The  cordate  base  is,  however  a 
very  persistent  character  and  rmis  almost  throughout  the 
Order.  It  is  due  to  the  manner  in  which  the  cotyledons  fold 
round  the  radicle. 

Koundly  cordate  cotyledons  are  represented  by  Hibiscus 
pedunculatus  (fig.  213).  One  feature  here  is  that  one  of  the 
cotyledons  is  mclined  to  be  narrowed  to  an  obsolete  blunt  point 
while  the  other  generally  the  larger,  is  emargmate.  Hibiscus 
Abelmoschus  H.  brasiliensis,  H.  vitifolius,  Calirrhoe  pedata, 
Abutilon  vitifohum,  and  Pavonia  hastata  agi-ee  with  the  above 
in  aU  important  particulars.  The  bluntness  of  the  cotyledons 
Beems  to  be  due  to  the  size  of  the  seed,  and  the  amount  of 
toldmg,  as  seen  m  Hibiscus  Sabdariffa. 

The  process  seems  to  be  carried  still  further  in  Hibiscus 
pnoeniceus,  which  represents  the  reniform  type ;  where  the 
cotyledons  have  grown  more  in  width  than  length.  Malva 
viscus  arboreus  differs  only  in  being  slightly  moil  rounded 

Modiola  multifida  (fig.  212)  has  small,  ovate,  trinerved 
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cotyledons,  .vhile  those  of  Sida  fallax  are  larger,  and  those  of 
Hibiscus  Trionum  are  inclined  to  be  broadly  ovate-elhptic. 
The  cotyledons  of  Adansonia  digitata  and  A.  Gregoru  are 
broadly  oblong,  obtuse,  entire,  shghtly  cordate  at  the  base, 
strongly  five-  to  seven-nerved,  somewhat  concave  and  reticu- 
late. Those  of  Paritium  tortuosum  are  very  much  smaller 
with  inconspicuous  venation.  ,  , 

The  transversely  oblong  type  is  represented  by  Gossypium 
barbadense  (fig.  215),  in  which  the  cotyledons  are  large,  foha-  , 
ceous,  transversely  oblong,  retuse,  sometimes  broadly  and 
shallowly  emarginate,  strongly  three-  to  five-nerved,  and  re- 
ticulate. G.  arboreum  agrees,  while  G.  tomentosum  sometimes 
differs  in  being  more  or  less  cuneate  at  the  base.  A  curious 
instance  of  dimorphism  occurs  in  Hibiscus  phcBmceus.  One 
form  of  seedling  has  the  first  four  leaves  oblong  and  tridentate 
at  the  apex,  followed  by  four  larger  and  more  oval  ones,  ihe 
second  form  has  the  first  leaf  oblong  and  nearly  entire  the 
second  trifid  and  trinerved,  followed  by  six  trmerved  and  tri- 
partite ones.  The  leaves  from  the  nmth  to  the  sixteenth 
Llusive  vary  with  three,  four,  and  five  nerves  and  as  many 
segments,  all  of  which  are  linear  and  entire. 

In  Pachira  aquatica  the  cotyledons  are  subterranean. 

Lavatera  trimestris,  L. 

Hypocotyl  12-13  mm.  long,  erect,  terete,  glabrous,  Ught  green 

"  t^Zs  cordate  or  ovate  from  a  cordate  ^^^^'^f^l^^^^^ 
ginate.  obtuse,  petiolate,  glabrous,  green,  with  a  reddish  spot  near 
the  petiole,  very  distinctly  five-nerved. 

Stem  with  primary  internodes  undeveloped. 

First  leaves  simple,  or  roundly  reniform,  obtuse  coida  e  at  the 
base,  crenate.  wrinkled,  glabrous,  green,  pmna  ely  tnner^e^  p  t  o 
late,  stipulate;  petioles  stout,  hairy,  channeUed  on  the  upper  side, 
stipules  membranous,  browmsh.  deciduous. 

Sidalcea  malvseflora,  Lindley. 

Hypocotyl  terete,  glabrous,  fleshy,  deep  red,  3-5  mm.  long, 
Co^Slnfopposite.  foliaceous,  cordate,  entire,  obtuse,  glabrous ; 
'  Lynch,  Joum.  Linn.  Soc.  1878,  p.  UT- 
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lamina  11  mm.  long,  9  mm.  broad ;  petiole  subterete,  channelled 
above,  glabrous,  reddish,  about  1"5  cm.  long. 
Stem  undeveloped. 

Leaves  simple,  radical  and  cauline,  alternate,  stipulate,  petiolate  ; 
stipules  subulate. 

Nos.  1  and  2.  Eeniform,  crenate,  sparsely  pubescent  on  both 
surfaces,  palmately  five-nerved,  reticulate,  rather  fleshy. 

Ultimate  radical  leaves  cordate-orbicular,  coarsely  crenate  or 
lobulate  with  obtuse  mucronate  teeth,  radiately  seven-  to  eleven- 
nerved. 

Cauline  leaves  gradually  developing  from  the  scarcely  divided 
radical  leaves,  and  each  becoming  more  deeply  lobed  as  the  top  of 
the  stem  is  approached.  Lower  ones  shallowly  radiately  lobed; 
middle  ones  five-  to  seven-  to  nine-lobed  or  -partite  with  oblong 
segments,  coarsely  and  irregularly  toothed  above  the  middle;  upper 
ones  tripartite,  and  ultimate  ones  entire  or  sUghtly  serrate,  lanceo- 
late. 

Malva  moschata,  L.  (fig.  211). 

Primary  root  normal,  tapering,  ultimately  much  branched  and 
fibrous. 

Hypocotyl  erect,  terete,  gla- 
brous, pale  green,  4-6  mm. 
long. 

Cotyledons    somewhat  un- 
equal in  size,  cordate,  minutely 
emarginate,  obsoletely  tri-lobed 
or -angled    towards  the  apex, 
cordate  at  the  base,  trinerved, 
each  nerve  running  into  a  lobe, 
glabrous,  deep  green,  petiolate  ; 
lamina  of  larger  cotyledon  1-3 
cm.  long,  1-05  cm.  broad,  of 
smaller  cotyledon  1-1  cm.  long, 
•85  cm.  broad;   petioles  semi- 
terete,  slightly  grooved  above, 
glabrous,  that  of  larger  cotyledon 
•85  em.  long,  that  of  smaller 
cotyledon  1  cm.  long.  Cf.  Cruci- 
feraj,  tribe  BrassicetB. 

Stem  herbaceous,  developed  when  about  to  flower,  12-18  inches 
long,  ascending,  erect  or  spreading. 

Leaves  simple,  radical  and  cauline,  alternate,  stipulate  {1st  leaf 


Fig.  211— Malva  moschata. 
Nat.  size. 
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exstipulate),  petiolate,  deep  green,  glabrous  above,  ciliate  at  the 
margin,  thinly  hairy  or  in  young  specimens  sometimes  glabrous 
beneath;  petioles  semiterete,  channelled  above,  thinly  hairy; 
stipules  'subulate,  obtuse  or  subacute,  membranous,  thinly  hairy, 
whitish  in  seedlings,  absent  on  first  leaf. 

Nos.  1  and  2.   Reniform,  five-nerved,  irregularly  crenate  or 
incipiently  three-  to  five-lobed. 

No.  8.  Cordate,  more  decidedly  five-lobed. 

Ultimate  leaves  palmately  seven-nerved ;  radical  ones  reniform 
or  orbicular  with  a  wide  sinus  at  the  base,  irregularly  crenate  or 
incipiently  lobulate  ;  lower  cauHne  ones  more  or  less  deeply  lobed 
(generally  from  one-quarter  to  one-half  their  radius) ;  lobes  broad, 
oblong,  and  again  lobulate  and  subacutely  toothed  ;  upper  cauline, 
seven-lobed  nearly  to  the  base— larger  lobes  rhomboid,  pinnatifid, 
and  acutely  toothed,  with  alternate  ascending  nerves. 

The  cotyledons  of  M.  sylvestris  and  M.  rotundifolia  resemble 
those  of  M.  moschata,  but  in  those  I  have  seen  the  notch  near  the 
apex  was  somewhat  less  marked. 

Callirhoe  pedata,  A.  Gray. 

Hypocotyl  erect,  terete,  glabrous,  5-10  mm.  long,  light  green 

or  colourless.  ...  ^■ 

Cotyledons    unequal,    membranous,   rotund-cordate,  siigMiy 

emarginate,  obtuse,  cordate  at  the  base,  petiolate,  with  rather  long 

petioles,  glabrous,  light  green,  distinctly  trmerved. 
Stem  with  primary  internodes  undeveloped. 
First  leaves  simple,  radical,  alternate,  petiolate,  stipulate,  cordate 

at  the  base,  subrotund,  crenate,  palminerved,  covered  with  fine 

hairs  ;  petiole  rather  thick  with  a  furrow  on  the  upper  side ;  stipules 

small  and  deciduous. 

Navsea  phoenicea,  Webb  et  Berthelot. 

Hypocotyl  erect,  terete,  pubescent,  2-3  cm.  long,  light  green. 

Cotyledons  unequal,  cordate  or  elongated,  ovate  and  cordate  at 
the  base,  subacute,  entire,  petiolate,  covered  with  mmute  hairs, 
green,  five-nerved  ;  petiole  unequal,  channelled  on  the  upper  side, 

stem  erect,  quadrangular,  herbaceous ;  1st  intemode  1-2  mm. 
long ;  2nd  about  the  same  length. 

First  leaves  simple,  cauline,  alternate,  stipulate,  petiolate,  ovate . 
acute,  cordate  at  the  base,  coarsely  serrate,  pubescent,  light  green, 
palminerved. 
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Malvastrum  peruvianum,  A.  Gray. 

Hypocotyl  erect,  terete,  minutely  pubescent,  1-5-2  cm.  long, 
light  green  or  colourless. 

Cotyledons  cordate,  obtuse,  unequal,  petiolate,  entire,  glabrous, 
dark  green ;  venation  distinct,  pinnatinerved,  giving  the  cotyledon 
almost  a  variegated  appearance. 

Ste7n,  primary  internodes  undeveloped. 

First  leaves  suborbicular,  simple,  cauline,  alternate,  crenate  or 
rather  bluntly  serrated,  petiolate,  stipulate,  pubescent,  hght  green, 
pinnatinerved,  wrinkled. 

Sida  fallax,  Walp. 

Hypocotyl  suffrutescent,  erect,  terete,  finely  pubescent,  pale 
green,  1*5  cm.  long. 

Cotyledons  petiolate ;  petiole  terete,  channelled,  pubescent, 
5  mm.  long ;  lamina  broadly  ovate,  obtuse,  pubescent,  pale  green, 
8  mm.  long,  8  mm.  broad  near  the  base. 

Stem  suffrutescent,  erect,  terete,  thickened  upwards,  finely 
pubescent,  pale  green;  1st  internode  2  mm.  long ;  2nd  2"5  mm. ; 
3rd  4  mm. ;  4th  8  mm. ;  5th  1-25  cm. ;  6th  1-4  cm. ;  7th  1-3  cm. 

Leaves  cauline,  simple,  alternate,  stipulate,  petiolate,  glabrous 
above,  pubescent  on  the  nerves  beneath,  ciHate  ;  petioles  subterete, 
flattened  above,  densely  pubescent ;  stipules  filiform,  slender,  hairy, 
deciduous. 

No.  1.  Eotund-cordate,  coarsely  serrate-dentate  ;  hmb  1-2  cm. 
long,  1-1  cm.  broad. 

No.  2.  Cordate,  irregularly  dentate-serrate,  penninerved,  or  sub- 
palmatinerved  at  the  base. 

No.  3.  Eotund-cordate  dentate-serrate  ;  nervation  Hke  No.  2. 
No.  4.  Cordate,  dentate-serrate. 

No.  5.  Rotund-cordate,  obtuse,  coarsely  dentate-serrate,  more 
decidedly  palmately  five-nerved  at  the  base. 
No.  6.  Similar  to  last  but  larger. 

No.  7.  Rotund-cordate,  obtusely  dentate-serrate  or  crenate-ser- 
rate,  strongly  palmately  five-nerved  at  the  base,  and  strongly  pemai- 
nerved  upwards  with  subopposite  nerves. 

No.  8.  Similar,  but  undeveloped  when  examined. 

Abutilon  asiaticum,  Don. 

Hypocotyl  soon  becoming  woody,  erect,  terete,  hairy,  and  glan- 
dular-pubescent, pale  green,  about  2-2  cm.  above  the  soil. 
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Cotyledons  cordate,  obtuse,  entire,  with  long  petioles,  three-  to 
five-nerved,  with  a  thin  glandular  pubescence  above  ;  margin  cihate 
with  hooked  hairs,  thinly  hairy  beneath  and  glandular-pubescent; 
lamina  1-25  cm.  long,  1-2  cm.  broad;  petiole  1-3-1-5  cm.  long, 
hairy  and  glandular-pubescent. 

Stem  woody,  erect,  subflexuous,  hairy  and  glandular-pubescent ; 
pale  green;  1st  and  2nd  internodes  2-25  mm.  long;  Srd  3  mm.; 

4th  2  5  mm.  .    ,  ,       ^.  ,  ,      ,  ^  ,  , 

Leaves  simple,  cauline,  alternate,  stipulate,  petiolate,  stellately 
pubescent  on  both  surfaces,  palmately  seven-nerved  from  the  first, 
cihate,  greyish-green  above,  pale,  almost  glaucous,  beneath,  sub- 
reticulate  ;  petioles  subterete,  shghtly  chamielled  on  the  upper  side 
densely  hairy  and  glandular-pubescent,  thickened  at  the  base  and 
also  at  the  insertion  of  the  lamina  ;  stipules  small,  subulate,  hairy, 

caducous.  ,    ,  ,      ^.^  j.„ 

Nos.  1  and  2.  Eotund-cordate,  obtuse,  dentate  with  mucronate 

Nos.  3  and  4.  Broadly  cordate,  subacute,  dentate  with  mucro- 
nate teeth.  ,    ,  .1  1   T  T  It. 
No.  5.  Broadly  cordate,  subacute,  shghtly  trilobed,  dentate. 

Pavonia  hastata,  Gav. 

Hypocotyl  erect,  terete,  covered  with  minute  hairs,  light  green 
or  colourless,  1-5-2  cm.  long.  , 

Cotyledons  fleshy,  cordate  or  rotund,  oval,  entire,  obtuse  unequal 
(one  being  much  more  ovate  than  the  other  and  cordate  at  the  base), 
petiolate  with  hairy  petioles  and  a  very  few  hairs  at  the  base,  pm- 

""^^  sLTerect,  terete,  herbaceous,  pubescent ;  1st  internode  3-4  mm. 

^'""^irst  leaves  simple,  cauline,  alternate,  ovate,  obtuse,  crenate 
slightly  cordate  at  the  base,  petiolate,  stipvilate,  pubescent,  hght 
green,  pinnatinerved. 

Modiola  multifida,  Moencli  (fig.  212). 

Primary  root  tapering,  flexuous,  with  lateral  ^'oo^lets  annual 
Hypocotyl  subterranean  and  tapormg  mdistmgmshably  mto  the 

"Cotyledons  petiolate,  glabrous,  somewhat  fleshy  ;  Pe^oles  cha^ 
nelled  above,  5  mm.  long;  lamina  ovate,  rather  obtuse,  family 
trlnprved  4*75  mm.  broad,  G  mm.  long. 

T« 'annual,  terete,  hairy ;  1st  and  2na  mlernodes  m^developed , 
3rd  2  mm. ;  4th  4  mm.  long. 
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Leaves  simple,  radical  and  cauline,  alternate,  stipulate,  petiolate, 
thinly  hairy  when  young,  ultimately  glabrescent,  deep  green  above, 
paler  beneath  ;  petioles  subterete,  channelled  on  the  upper  side, 
hairy ;  stipules  free,  subulate,  acute,  broader  upwards,  hairy. 

No.  1.  Kotund,  crenate,  seven-nerved. 

No.  2.  Reniform,  crenate,  seven-nerved. 


Fig.  112.—Modiola  muUifida.    Nat.  size. 


No.  3.  Suborbicular,  shallowly  cordate  at  the  base,  seven-  to 
nine-nerved,  deeply  crenate. 

No.  4.  Broadly  cordate,  nine-nerved,  lobulate  and  crenate. 

No.  5.  More  deeply  and  decidedly  lobed  than  the  last. 
_  Intermediate  forms  are  orbicular,  cordate  at  the  base,  seven-  to 
nine-nerved,  lobed  on  the  upper  half,  lobulate  towards  the  base 
serrate-dentate,  with  obtuse,  apiculate  teeth.  ■ 
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Ultimate  leaves  palmately  seven -nerved,  with  five  or  seven  lobes 
or  ultimately  reduced  to  three  ;  middle  lobe  rhomboid-oblong,  incise- 
serrate  from  the  middle  upwards  ;  lateral  lobes  oblong,  oblique, 
serrate  mostly  on  the  posterior  side  ;  basal  lobes  always  small. 

Malvaviscus  arboreus,  Cav. 

Hypocokjl  erect,  terete,  pubescent,  2-5-4  cm.  long,  light  green 
or  colourless. 

Cotyledons  reniform  or  transversely  oblong,  obtuse,  entire  or 
minutely  emarginate,  cordate  at  the  base,  especially  the  larger  one  ; 
petiolate,  glabrous,  light  green,  palmatinerved  ;  petioles  long,  terete, 
pubescent. 

5f^m  erect,  terete,  herbaceous,  pubescent ;  Istintemode  6-8  mm. 
long. 

First  leaves  simple,  cauline,  alternate,  ovate,  acute,  serrate, 
petiolate,  stipulate,  pubescent,  Hght  green,  pinnatinerved  ;  petioles 
short,  terete,  pubescent ;  stipules  small,  scarious,  deciduous. 

Hibiscus  Sabdariffa,  L. 

Fruit  a  capsule,  five-valved,  many-seeded,  dehiscing  longitudi- 
nally. 

Seed  reniform,  subtrigonous  like  the  segment  of  an  orange, 
somewhat  biconvex  dorsally,  that  is,  longitudinally  and  transversely, 
tapering  wedge-like  to  the  ventral  edge,  glabrous,  deep  brown, 
striated  longitudinally  or  following  the  curvature  of  the  seed; 
hilum  median  on  the  ventral  aspect  with  the  remains  of  the  funicle 
attached  to  it ;  micropyle  inferior  ;  seed-coat  double— outer  (testa) 
thick,  coriaceous ;  inner  (tegmen)  very  thin,  paler  coloured. 

Endosperm  scanty,  occupying  the  vacant  space  about  the  middle 
of  the  seed,  on  the  ventral  aspect,  and  forming  an  extremely  thin 
layer  along  the  ventral  side  of  the  cotyledons  and  radicle,  fleshy, 
white. 

Evibryo  curved,  large,  occupying  nearly  the  whole  of  the  seed, 
yellowish-white  ;  cotyledons  cordate-orbicular,  slightly  trilobate,  with 
deep  auricles,  emarginate,  unequal,  reaching  the  apex  of  the  seed  in 
the  course  of  their  growth,  then  folding  at  the  sides  with  the  edges 
of  both  towards  the  placental  axis ;  at  the  same  time  the  apex 
becomes  folded  or  doubled  in  between  the  sides  and  in  this  way 
grows  nearer  to  the  apex  of  the  seed  than  the  sides  do.  Nerves  five 
from  the  base,  the  two  stronger  of  which  proceed  to  the  minute 
lateral  lobes  of  the  cotyledons  and  are  slightly  branched  ;  the  mid- 
rib is  alternately  branched  upwards.  Radicle  cylindrical,  tapered  to 
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an  obtuse  point  and  curved  round  the  dorsal  aspect  of  the  seed, 
between  the  auricles  of  the  cotyledons  towards  the  micropyle. 

Hibiscus  pedunculatus,  Gav.  (fig.  213). 

Primary  root  long,  brittle,  with  fleshy,  branched,  colourless  root- 


lets 


thick, 


Hijpocotijl  about  1-5  cm.  long,  and  a  little  over  1  mm. 
terete,  slightly  uneven,  pubescent,  bright  green. 

Cotyledons  shortly  petioled,  -25-1  cm.  long  and  as  broad, 
broadly  cordate  at  the  base,  emarginate,  otherwise  entire,  obscurely 


Fig.  '2.1-6.— Hihiscus  pedunculatus.   Half  nat. 


size. 


trinerved,  concave,  thin,  pubescent,  including  petioles,  yellowish- 
green,  not  very  persistent. 

Stem  rather  firm,  terete,  with  steUate  hairs  ;  first  few  internodes 
•5-1  cm.  long,  1-5  mm.  thick. 

Leaves  simple,  cauHne,  alternate,  stipulate,  petiolate,  pubescent 
all  over,  crenate  in  the  earher,  and  crenate-serrate  in  the  adult 
leaves,  palmately  five-nerved  from  the  base  with  all  the  principal 
veins  ramified  upwards,  reticulate  ;  petiole  tapering  slightly  upwards 
Muous  stipules  membranous,  small,  subulate,  acute,' 

No.  1.  Eotund-eUiptic,  crenate,  palmately  five-nerved 
No.  2.  Suborbicular,  cordate  at  the  base,  crenate. 
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No.  8.  Somewhat  similar. 

No.  4.  Trilobate,  crenate-serrate. 

Older  plants  of  this  species  have  trifid  leaves,  but  an  undivided 
one  at  the  base  of  each  shoot,  and  one,  two,  or  more  cordate 
below  the  trifid  ones. 

Hibiscus  vitifolius,  L. 

Hypocotyl  as  in  H.  pedunculatus. 

Cotyledons  rotund,  obtuse,  trinerved ;  lamina  glabrous,  1-1  cm. 
Ion"  1  cm.  broad,  truncate  or  subcordate  at  the  base  ;  petiole  sub- 
teret'e  slightly  channelled  above,  pubescent,  8  mm.  long. 

Stem  succulent,  erect,  terete,  pubescent ;  1st  mtemode  8-12 

mm.  long.  ,  , ,        •       ^   ^  i 

Leaves.— 'i^o.  1-  Rotund  or  rotund-oblong,  irregularly  crenate, 
obtuse  with  mucronate  crenatures,  subcordate  at  the  base,  glabrous, 
ciliate;  petiole  terete,  pubescent,  pale  green,  succulent,  about  1-5 

"""^'mX  Eotund-palmate,  cordate  at  the  base,  shallowly  trilobed, 
irregularly  crenate,  obtuse,  otherwise  hke  No.  1- 

No.  3.  Eotund,  cordate  at  the  base,  five-nerved,  shallowly  trifid, 

crenate-dentate. 

No.  4.  Larger,  otherwise  similar.^ 

No.  5.  Broadly  cordate,  obtuse,  seven-nerved,  shaUowly  trifid, 

crenate-dentate.  ,   ,  n    i    .i       x  ^  „ 

Nos  6-8  Palmately  seven-nerved  and  shallowly  thi-ee-  to  five- 
lobulate,  crenate-dentate  with  obtuse,  mucronate  teeth,  reticulate, 
stellately  pubescent  on  both  surfaces. 

Hibiscus  Abelmoschus,  L. 

Hypocotyl  stout,  terete,  pale  green,  suffused  with  red,  covered 
with  a  deflated  pubescence,  3  mm.  thick  and  becoming  woody. 

Cotyledons  palmately  three-  to  five-nerved  and  glabrous,  very 
similar  to  those  of  H.  pedunculatus ;  petiole  terete,  tapermg  up- 
wards slightly  channelled  on  the  upper  side,  pubescent  1-8  cm. 
Tong   curved  upwards  near  the  apex  to  bring  the  lamma  hon- 

'"""sL  terete,  pubescent  with  deflexed  hairs,  pale  gi^een  w-ith  purple 
blotcheT  at  the  axils  of  the  leaves,  about  2  mm.  thick;  1st 
internode  1  -3  cm.  long ;  2nd  1  cm. ;  8rd  -7  cm. 

Leaves  cauline,  alternate,  stipulate,  petiolate  ;  stipules  small, 

"'t'l'ttatly  five-nerved,  obscurely  lobed  or  merely  five- 
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angled  and  crenate,  deeply  cordate  at  the  base  with  slightly  overlap- 
ping auricles,  light  green  above  and  sparsely  pubescent,  paler  below 
and  pubescent  on  the  nerves  ;  petiole  semiterete,  channelled  above, 
tapering  upwards,  pubescent. 

No.  2.  Larger,  palmately  five-lobed  and  -nerved  ;  lobes  triangular- 
ovate,  basal  ones  shallow,  all  obtuse  and  tipped  with  a  mucro ; 
otherwise  hke  No.  1. 

No.  3.  More  decidedly  palmate,  with  deeper  and  narrower  lobes 
than  No.  2. 

No.  4.  Similar  to  the  last  but  smaller. 

Buds  are  present  in  the  axils  of  the  cotyledons  as  well  as  in 
those  of  the  true  leaves. 

Hibiscus  brasiliensis,  L. 

The  seedling  closely  resembles  that  of  H.  Abelmoschus. 
Hibiscus  Trionum,  L. 

Hypocotyl  glandular-pubescent,  pale  green,  2-2  cm.  above  ground, 
2"25  mm.  thick. 

Cotyledons  rotund,  ovate,  obtuse,  trmerved,  glabrous,  1-25  cm. 
long,  1-1  cm.  broad ;  petiole  subterete,  glandular-pubescent,  very 
pale  green,  1-1  cm.  long. 

Stevi  herbaceous,  annual,  erect,  terete,  glandular-pubescent  and 
hairy,  pale  green  ;  1st  internode  1-25  cm.  long ;  2nd  1-85  cm  •  3rd 
3-4  cm.  ;  4th  3-65  cm. 

Leaves  sparsely  pubescent  on  the  nerves  and  margin,  but  almost 
glabrous ;  petioles  subterete,  shghtly  grooved  on  the  upper  side, 
glandular-pubescent,  pale  green;  stipules  hnear-subulate,  hairy,' 
caducous.  ' 

No.  1.  Rotund,  crenate,  cordate  at  the  base,  five-nerved,  with 
ascending  and  incurved  nerves. 

Nos.  2  and  3.  Similar,  but  larger. 
No.  4.  Cordate,  obtuse,  crenate. 

No.  5.  Cordate,  obtuse,  crenate,  and  shghtly  lobed  on  one  side 
foreshadowing  a  divided  condition  of  the  leaf.  ' 

No.  6.  Palmately  five-nerved  and  -lobed,  cordate  at  the  base ;  basal 
lobes  small ;  middle  lobes  subdentate -serrate,  oblong ;  terminal  lobe 
oblong,  broader  above  the  middle,  irregularly  dentate-serrate  from 
the  middle  upwards. 

_  Ultimate  leaves  tripartite ;  lateral  lobes  cuneate-ovate,  obtuse 
pmnatifid  and  toothed  upwards  or  almost  lobed  on  the  posterior  basal 
side  ;  terminal  lobe  ovate-oblong,  cuneate  at  the  base,  pinnatifid 
with  oblong  somewhat  toothed  secondary  lobes.  ' 
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Hibiscus  phoeniceus,  Willd. 
Hvpocotyl  pubescent,  11-15  mm.  above  the  soil 
roSons  sligbtly  unequal,  reniform,  emargmate,  trmerved 
fcom  t  S^^^^  nerves  upwards,  pubescent  all 

ove^  dull  green  above,  paler  beneath  ;  lamma  of  larger  one  10  mm. 
Tona  13  75  mm.  wide;  petiole  of  larger  one  semiterete,  shallowly 
channelled  above,  slender,  pubescent,  5-5  mm.  long ;  lamma  of 
taTer  one  9-5  mm.  long,  13-25  mm.  wide  ;  petxole  of  smaller  one 

^'^  q/!m^erfct  terete,  closely  pubescent,  pale  green,  soon  becoming 
'Triated  W^^^^^^  1st  internode  5-5-7  mm. 

W  •  2nd  6-8  mm. ;  3rd  and  4th  10-12  mm.  ,      ,  , 

Leaves  undivided  or  shghtly  toothed,  or  more  or  less  deeply 
three  to  five-lobed,  and  -nerved,  somewhat  reticulate,  pubescent  on 
lis  deep  dull  green  above,  paler  beneath,  with  the  midi-ib 
and  ;S  ne-e'  mL  or  less  stained  red  on  both  surfaces,  at 
rtr/rrtain  stages;  petioles  subterete,  shaUowly  and  narrowly 
ch'rf^^  slightly  upwards,  horizontal  or  ascend- 

ing shg^^^^^^^^^  at  the  base  of  the  lamma  pubescent ;  s tipuks 

l^ear  hairy,  membranous,  pale  green  or  shghtly  stamed  with  red, 
soon  falling  away. 

Seedlings  dimorphic. 

^^l  "L':  "g  o£e,  generall,  with  .  tooth  on  each  side  a 

:rS«  SSe  —  lohe  longest. 
No  3  Deeply  trilobed;  lateral  lohes  oblong,  obtuse;  middle 

'"'VTC;^  tS  se^-ts  oblong-linea,.  . 

N^s  6-7!  Wpartite.  g'adaaJly  larger,  with  linear,  obtuse  seg- 

"t^'sSoXVbut  there  i.  a  smaU  lateral  lobe  on 
°;      .  WW  base  making  the  leaf  four-lobed. 

aXetrvedrnd  -ifbed,  with  the  middle  lobe  longest,  and 

the  basal  ones  very  smaU. 
Nos.  10  and  11.  Trilobed. 
Nos.  12  and  18.  Four-lobed. 
No  14.  FiTC-lobed. 

T  'to  !nTl7*te-lobed  and  similar  to  the  ninth 
f^TThe  seconi  form  retains  the  simpler  form  of  leaf  for  amuch 
longer  period. 
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Nos.  1-4.  Oblong,  obtuse,  rounded  at  the  base,  tridentate  at  the 
apex. 

Nos.  5  and  6.  Similar,  but  somewhat  larger  and  broader  above 
the  base,  inclined  to  be  oval. 

Nos.  7  and  8.  Similar,  but  with  one  to  two  teeth  on  each  side 
near  the  apex. 

Hibiscus  tortuosus,  Roxh. 

Hypocotylvfoodj,  erect,  terete,  pubescent,  pale  green,  1-8-2-4  cm. 
above  the  soil. 

Cotyledons  broadly  oblong  or  subcordate,  emarginate,  deep  green, 
glabrous  ;  lamina  1  cm.  long,  8-5  mm.  broad ;  petiole  variable  in 
length  both  in  young  and  adult  conditions,  pubescent. 

Stem  woody,  erect  or  subflexuose,  terete,  pubescent,  pale  green  ; 
1st  internode  2  mm.  long  ;  2nd  1-65  cm. ;  3rd  1-4  cm. ;  4th  6  mm. 

Leaves  deep  green,  glabrous  on  the  upper  side,  sparsely  pubescent 
on  the  nerves  beneath ;  petioles  terete,  faintly  grooved  on  the  upper 
side,  pale  green,  hairy  ;  stipules  slender,  subulate  or  linear,  obtuse, 
pubescent. 

No.  1.  Oblong,  subcordate  at  the  base,  four-nerved,  obsoletely 
crenate,  unequally  and  obtusely  tridentate  at  the  apex. 

No.  2.  Cordate,  obtuse,  crenate,  four-nerved;  nerves  ascending 
and  incurved. 

No.  3.  Similar,  but  much  larger. 

Ultimate  leaves  cordate,  acuminate,  obtuse,  five-  to  seven-nerved 
with  a  small  or  obscure  lobe  on  each  side  above  the  middle,  irregu- 
larly crenate-dentate. 

Lagunaria  Patersonii,  Ait.  (fig.  214). 

Hypocotyl  erect,  terete,  pale  green,  glabrous,  3-4-5  or  5  cm. 
above  the  soil. 

Cotyledons  ovate,  obtuse,  very  nearly  or  quite  equal,  obsoletely 
tnlobulate  near  the  apex,  subcordate  at  the  base,  otherwise  entire 
or  mmutely  emarginate,  five-nerved  at  the  base  ;  nerves  alternate, 
ascending,  obscurely  reticulate,  coriaceous,  deep  green  above,  paler 
beneath,  glabrous,  petiolate ;  lamina  12-5-18-5  mm.  long,  10-16 
mm.  wide  ;  petioles  subterete,  shallowly  channelled  above,  slightly 
pubescent  in  the  furrow,  1-5  mm.  long. 

In  some  seedlings  the  cotyledons  are  unequal  when  young 
I'ut  this  inequality  seems  to  disappear  when  they  are  fully  grown 

Stem  erect,  terete,  densely  covered  with  scurfy,  peltate  scales 
more  or  lessjagged  or  stellate  at  the  margin,  ultimately  woody  and 


s 
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arborescent;  1st  internode  5-10  mm.  long;  2nd  17-20  mm. ;  3rd 

^'^ Leaves  simple,  entire,  cauline,  alternate,  exstipulate  petiolate, 
three-  to  five-nerved  upwards,  with  incurved  nerves  slightly  branch- 
ing and  anastomosing  within  the  margin,  where  the  leading  ones 
unite  with  one  another ;  coriaceous  when  fully  developed,  and  opaque, 
with  a  difficultly  discernible  venation,  deep  green  above,  and  closely 


Fig.  <2.U.—Lagimaria  Patersonii.   Nat.  size. 

1      ;i        Tint  covered,  with  peltate,  lacerated,  frmged,  or  stellate 

ralwt  ;ootrabJve%en^  *Ua..  peltate,  sea,, 

hairs,  tapering  sUghtly  upwards  ;  ="P"  ''^  *olete. 
No.  1.  Lanceolate,  obtuse,  trinerved  at  the  base. 
Nos.  2  and  8.  Ovate,  obtuse,  three-  to  five-neived,  shghtly  co.date 


at  the  base. 
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Gossypium  barbadense,  L.  American  Upland  Cotton  (fig.  215). 

Hypocotyl  7  cm.  long,  suffrutescent,  erect,  terete,  sparsely 
pubescent,  punctate  with  black  dots,  pale  green. 

Cotyledo7is large,  foliaceous,  transversely  oblong,  shortlypetiolate ; 
lamina  three-  to  five-nerved,  punctate  with  black  dots,  subemar- 
ginate  or  shortly  and  very  obtusely  pointed  at  the  apex,  2-5  cm. 
long,  4-35  cm.  broad. 

Stem  suffrutescent,  erect,  terete,  hairy,  punctate  with  black  dots, 
pale  green  ;  1st  internode  6-8  cm.  long  ;  2nd  1-8  cm  ;  3rd,  4th,  and 
5th  I'l  cm. 

Leaves  simple,  cauhne,  alternate,  stipulate,  petiolate,  five-  to 


Pig.  215.— Gossypium  barbadense.   One-fourth  nat.  size. 

seven-nerved  and  reticulate,  hairy  on  both  surfaces  and  minutely 
punctate  with  black  dots  on  the  under  surface  ;  petioles  terete,  hairy 
pale  green,  punctate  Hke  the  lamma ;  stipules  lanceolate,  acute' 
Bubcarinate,  hairy,  pale  green,  and  punctate.  ' 

No.  1.  Ovate,  shghtly  acuminate,  subcordate  at  the  base  tri 
nerved,  entire.  ' 

_  No.  2.  Cordate,  entire,  subacute,  suddenly  and  shortly  subacu- 
mmate,  five-nerved. 

base^°''  ^  ^""^  ^'  ^^^"^""^^^^  five-nerved,  trifid,  broad,  cordate  at  the 
No.  5.  Similar,  but  larger  and  seven-nerved. 
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Gossypium  tomentosum,  N^ltt. 

Hijpocotyl  woody,  and  closely  punctate,  with  small,  black, 
elevated  glands  8-5  cm.  long,  otherwise  as  in  G.  barbadense. 

Cotyledons  2-4  cm.  long,  8-4  cm.  broad,  transversely  suboval, 
subcuneate  at  the  base,  rather  sinuous  and  almost  truncate  at  the 
upper  edge,  palmately  five-  to  seven-nerved,  pale  green  above,  gla- 
brous but  closely  punctate  like  the  hypocotyl ;  petiole  subterete, 
slightly  channelled  above,  dilated  at  the  base  of  the  lamina,  similarly 
glandular,  1-5  cm.  long. 

Stem  becoming  somewhat  woody,  erect,  terete,  pubescent  and 
covered  with  black  dots  and  glands  like  the  hypocotyl ;  1st  inter- 
node  1  cm.,  2nd  9  mm.  long. 

Leaves— 'i^o.  1.  Botund- cordate,  cuspidate,  obtuse,  subpal- 
mately  five-nerved,  glabrous,  entire,  pubescent  at  the  margin,  pale 
green  and  covered  with  small  protuberances  above,  paler  beneath 
and  covered  with  black  dots ;  petiole  terete,  pubescent,  tapermg 
upwards,  covered  with  small  black  glands  like  the  stem  ;  stipules 
subulate,  acute,  pubescent,  deciduous. 
No.  2.  Similar  to  the  last. 

Adansonia  Gregorii,  F.  Muell. 

Hypocotyl  short,  stout,  soon  becoming  woody. 

Cotyledons  rather  persistent,  large,  fohaceous,  broadly  oblong, 
obtuse  entire,  strongly  seven-nerved  from  the  base  and  reticulate, 
concave  from  the  greater  growth  of  the  middle  portion,  petiolate, 
glabrous,  or  sparingly  cihated  on  the  petiole ;  lamina  3-5-3-8  cm. 
long,  2-2-5  cm.  wide ;  petiole  very  stout,  slightly  channelled  above, 
8-9  mm.  long. 

Stem  erect,  terete,  soon  becommg  woody,  green,  glabrous  ;  1st 
internode  3-5  mm.  long ;  2nd  4  mm. ;  3rd  1-8-2  cm.  ;  4th  2-2- 
2-4  cm. -,  5th  longer.  .  ■,. 

Leaves  compound,  digitate  (1st  to  3rd  simple),  cauhne,  alternate, 
stipulate,  petiolate,  glabrous  ;  stipules  subulate,  acute,  soon  becommg 
browB  deciduous;  petioles  subterete,  shghtly  flattened  above, 
especially  at  the  base;  venation  of  the  leaves  ascending,  incurved, 

anastom^osmg.^^^^  lanceolate,  acute,  very  small  and  soon  withering 

away,  entire. 

No.  2.  Larger,  oblanceoiate. 

No  3.  Large,  palmately  tripartite,  with  a  strong  nb  runmiig 
into  each  segment ;  segments  oblong-lanceolate,  acute,  serrate  abo^e 
the  middle. 
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Nos.  4-7.  Digitately  trifoliolate ;  lateral  leaflets  oblong-lanceolate, 
acuminate,  somewhat  oblique  on  the  anterior  side,  tending  to  be 


Fig.  m.—Eriodendron  anfractuomm.    Nat.  size, 

S'aCTeS*  '  "  ate,  acuminate, 
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Adansonia  digitata,  L. 

mjpocotyl  stout,  short,  erect,  terete,  glabrous,  green,  6-8  mm. 

^""""^tyledons  very  large,  4  cm.  long  by  3-5  cm.  broad,  broadly  or 
roundly  oblong,  obtuse,  entire,  slightly  cordate  at  the  base,  petiolate, 
glabrous,  green,  trinerved  with  numerous  lateral  venilets,  petioles 
thick  scarcely  furrowed  on  the  upper  side,  short. 

Stem  square,  herbaceous,  ultimately  woody  ;  1st  mternode  2-5  cm. 
long  •  2nd  8-10  mm. ;  3rd  shorter. 

First  leaves  simple,  entire ;  first  two  lanceolate,  acute ;  others 
spathulate  or  cuneate,  glabrous,  hght  green,  pmnatinerved  ;  petioles 
short,  with  the  midrib  projecting  on  the  upper  face  ;  stipules  smaU, 
acute,  brown,  deciduous. 

The  sixth  leaf  becomes  digitate. 

Eriodendron  anfractuosum,  DC.  (fig.  216). 

Evpocotyl  erect,  5-8  cm.  long,  about  2  mm.  thick,  firm,  terete 
near  the  base,  obtusely  four-angled  from  the  middle  upwards, 
glabrous,  the  lower  half  brownish-green,  lighter  above. 

Cotyledons  long--petioledi,  about  5  cm.  long  and  nearly  3  cm. 
broad,  subcordate,  obtusely  acuminate,  entire,  convex,  quite  gla- 
brous on  both  sides,  palmately  seven-nerved  and  reticulated  m  a 
peculiar,  honeycomb-hke  manner,  leathery,  dark  shining  green 
above,  greyish-white  below.  ,    ^    ,  i. 

Stem  terete,  firm,  about  2  mm.  thick,  very  short,  glabrous, 

^^^ili^-No.  1.  Stipulate,  digitate  with  five  divisions;  petiole 
about  3  cm.  long  by  1  mm.  thick,  glabrous;  divisions  unequal 
from  1-5-5  cm.  long,  lanceolate,  acuminate,  remotely  serrate ;  teetli 
adpressed ;  penninerved  and  reticulately  veined,  with  prominent 
midrib,  glabrous  on  both  sides,  somewhat  leathery,  dark  green 
above,  light  green  below. 

Nos.  2  and  3.  Similar  to  No.  1. 
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STERCULIACEiE. 

Bentli.  et  Hook.  Gen.  PI.  i.  214. 

Fridt  and  Seed. — The  ovary  is  free  and  syncarpous,  but 
the  carpels  are  frequently  only  partly  united  at  the  base,  or  so 
united  as  to  form  a  two-  to  five-  rarely  ten-  to  twelve-celled 
ovary.  The  ovary  is  however  reduced  to  a  single  carpel  in  Wal- 
theria.   The  ovules  vary  in  number  from  two  to  many,  rarely 
soHtary,  and  are  (Heritiera)  fixed  to  the  inner  angles  of  the 
locuH,  ascending  or  horizontal,  anatropous  or  amphitropous, 
with  the  raphe  ventral  or  lateral,  and  the  micropyle  inferior. 
Exceptions  occur  in  Stercuha  foetida,  S.  Balanghas,  and  a  few 
other  species,  where  the  ovules  are  orthotropous  with  the  micro- 
pyle superior.  The  ovule  of  Heritiera  macrophylla  is  amphitro- 
pous, and  the  radicle  superior.    The  fruit  is  dry,  dehiscing 
loculicidally,  rarely  baccate,  or  woody  and  indehiscent,  or  when 
mature  it  often  breaks  up  into  cocci,  indehiscent  or  with  valvular 
or  follicular  dehiscence.  In  HeHcteres  the  carpels  are  curiously 
twisted.    The  seeds  are  naked  or  woolly,  or  embedded  in  pulp 
in  the  baccate  fruits ;  they  are  often  furnished  with  an  aril- 
loid,  and  sometimes  laterally  compressed  and  drawn  out  into  a 
membranous  wing.  The  testa  is  coriaceous,  crusta,ceous,  or  has 
a  fleshy  or  succulent  external  covering  as  in  Stercuha ;  and 
the  endosperm  is  fleshy  and  copious,  or  reduced  to  a  thin 
stratum,  or  entnely  wanting. 

The  embryo  is  large  and  straight,  or  bent  according  to  the 
form  of  the  seed ;  the  cotyledons  are  generally  fohaceous,  flat, 
plicate-corrugate  or  spirally  convolute,  more  rarely  thick  and 
fleshy;  the  radicle  is  short,  inferior,  and  pointing  to  thehilum, 
except  in  some  species  of  Stercuha,  which  have  orthotropous 
ovules  and  seeds,  in  Heritiera  littoralis,  with  amphitropous 
seeds  and  possibly  some  others  where  the  radicle  is  at  the 
apical  end  of  the  seed. 

Two  well-marked  types  of  seeds  occur  in  the  tribe  Sterculieffi. 
In  Stercuha  itself  the  ovary  consists  of  five  nearly  distinct  two- 
to  many-ovuled  carpels,  which  separate  when  mature  into  oue^ 
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seeded,  indehiscent  nutlets,  as  in  S.  ramiflorum  and  S.  foetida 
(fig.  217),  or  in  many-seeded  fruits  the  five  carpels  form  as 
many  rays  dehiscing  by  two  valves,  or  in  a  follicular  manner 
along  the  ventral  suture  only.    The  fruit  of  S.  ramiflorum 
consists  of  five  achenes  or  nuts,  densely  covered  with  stalked 
and  stellately-branching  hairs.    The  seed  is  oblong,  and  con- 
forms closely  to  the  interior  of  the  nutlet,  which  it  entirely 
fills.    The  testa  is  membranous  and  creamy  yellow;  while 
the  micropyle  is  superior  and  apical.    The  endosperm  in  the 
mature  seed  is  copious,  fleshy,  white,  and  almost  separated  into 
two  equal  halves  by  the  cotyledons ;  but  the  halves  are  con- 
nected by  a  collar  encircling  the  short  radicle.   The  embryo 
is  large,  straight  or  nearly  so,  axile,  and  of  a  dirty  yeUowish- 
white.     The  cotyledons  are  oblong,  obtuse,  rounded  at  the 
apex,  slightly  auricled  at  the  base,  otherwise  entire,  equal  in 
length  and  breadth  to  the  endosperm,  except  the  small  por- 
tion occupied  by  the  radicle,  with  their  dorsal  faces  closely 
appHed  to  the  endosperm,  and  traversed  longitudinally  by 
three  indistinct  nerves  and  two  other  short  lateral  ones  near 
the  base.    The  radicle  is  very  short,  stout,  embedded  between 
the  auricles  of  the  cotyledons,  projecting  through  the  endosperm 
with  its  tip,  and  together  with  the  plumule  formmg  a  globular 
mass.  From  this  type  S.  foetida  (fig.  217)  differs  only  in  detail. 
The  nut  is  bluish-black  and  glabrous.    The  cotyledons  are 
oblong  or  obovate,  slightly  emarginate  owing  to  a  thickening 
■  of  the  chalaza,  and  surround  the  plumule  and  radicle  by  then: 
bases,  leaving  only  a  small  opening  for  the  short  radicle  to 
protrude;  five  shghtly  branching  nerves  pass  upwards  from 
their  junction  with  the  hypocotyl.     The  genus  Tarrietia 
agrees  with  StercuHa  in  having  the  endosperm  divided  by  the 
cotyledons. 

The  fruit  of  Heritiera  littoraHs  consists  of  one  to  five 
obovoid,  unequal-sided,  shortly  stipitate,  brown,  woody,  one- 
seeded  indehiscent  carpels  or  nuts,  composed  of  a  dense  mass 
of  interlacmg  fibres,  packed  with  brown  cortical  matter  and 
laterally  compressed,  diverging  outwards  and  more  nearly  m 
line  with  the  dorsal  than  the  ventral  suture.  Each  nut  is 
about  the  size  of  a  pigeon's  egg.  The  seed  is  ovoid,  conform- 
incT  to  the  interior  of  the  carpel;  the  testa  is  brown,  thick. 
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and  brittle,  resembling  bark  ;  the  raphe  ventral,  composed  of 
tough  fibres,  separable  from  the  seed,  and  extending  from  near 
the  apex  to  the  base  of  the  cavity  of  the  nut ;  micropyle 
superior ;  endosperm  absent.    Embryo  straight,  very  large 
and  fleshy,  filling  the  seed,  pale  pink  or  flesh-coloured. 
Cotyledons  thick,  plano-convex,  sometimes  slightly  wrinkled, 
frequently  if  not  always  unequal,  broadly  oblong-oval  in  outline, 
auricled  at  the  base  and  embracing  the  radicle.  The  largest  one 
is  sometimes  placed  with  its  back  to  the  ventral,  sometimes  to 
the  dorsal  suture,  or  irregularly.    The  embryo  is  frequently 
abnormal,  assuming  various  shapes,  while  the  cotyledons  are 
of  different  lengths,  variously  twisted  and  deformed,  or  they 
may  even  be  deeply  lobed,  divided  or  multiphed,  and  irregular 
in  size  and  number.    The  radicle  when  normal  is  short,  stout, 
and  grasped  by  the  auricles  of  the  cotyledons,  beyond  which  it 
does  not  protrude.    The  plumule  is  small  and  densely  covered 
with  short,  brown  hairs. 

The  species  of  Cola  and  Herrania  agree  with  Heritiera  in 
havmg  exalbuminous  seeds  and  thick  cotyledons,  but  the 
radicle  is  close  to  the  hilum.  Myrodia  has  exalbuminous  seeds 
and  unequal,  conferruminate  or  amalgamated  cotyledons,  the 
larger  including  or  partly  enclosing  the  smaller  one. 

A  third  type  is  presented  by  Eeevesia,  in  which  the  seeds 
have  a  fleshy  endosperm,  a  straight  embryo,  and  flat  foHaceous 
cotyledons.  The  seeds  are  also  laterally  fixed  and  produced 
into  a  wing  on  the  back.  Physodium  and  Abroma  have  also  a 
straight  embryo,  broad,  flat,  cordate  cotyledons,  and  albuminous 
seeds ;  flat,  foHaceous  cotyledons,  and  a  straight  embryo,  also 
occur  in  Melochia,  Dicarpidium,  Waltheria,  Eulingia,  Com- 
mersonia,  Seringia,  Thomasia,  Guichenotia,  and  Lasiopetalum, 
but  the  embryo  varies  considerably  in  shape  both  before  and 
after  germination. 

A  fourth  type,  having  exalbuminous  seeds  and  spirally 
convolute  cotyledons,  is  presented  by  Kleinhovia  and  Buettneria 
the  cotyledons  being  folded  round  the  radicle,  at  any  rate  in 
the  latter.  Slightly  different  from  this  are  those  seeds  havina 
a  thm  layer  of  endosperm,  which  is  even  altogether  absent  in 
all  the  species  of  HeHcteres,  Eriolsna,  and  Ayenia.  The  coty- 
ledons also  vary  in  being  convolute  or  contorted  and  plicate 
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They  are  corrugate  or  plicate  in  Pterospermum,  and  the  seeds 
are  produced  into  a  wing  on  the  top.  The  seeds  are  exalbu- 
minous  in  Theobroma,  and  the  cotyledons  are  lobed  and  cor- 
rugate. Here  also  may  be  placed  Guazuma,  with  albuminous 
seeds,  and  a  slightly  curved  embryo  with  Miaceous,  inflexed- 
plicate  cotyledons. 

A  fifth  very  distinct  type  is  represented  by  Hermannia 
and  Mahernia,  which  have  reniform  albuminous  seeds,  with 
a  curved  embryo,  oblong  cotyledons,  and  the  radicle  close  to 
the  hilum.    Taking  Pentapetes  phoenicea  as  a  type,  we  find 
that  all  of  the  tribe  Dombeyese  agree  with  it  in  having  albu- 
minous seeds,  foliaceous,  bipartite  cotyledons,  and  the  rad- 
icle close  to  the  hilum.    The  cotyledons  are  folded  and  con- 
torted in  Cheirolffina,  Trochetia,  Pentapetes,  and  Melhania ; 
they  are  rarely  flat.    It  seems  probable  that  the  species  of 
Euizia  have  also  bipartite  cotyledons.    The  fruit  of  Pentapetes 
phcenicea  is  a  crustaceous  capsule,  shortly  globose-oblong, 
five-celled,  many-seeded,  with  the  anatropous  seeds  arranged 
horizontally  in  two  dense  rows ;  dehiscing  locuhcidally  with 
the  valves  separating  from  the  plumose  midrib.    The  seed  is 
obovoid,  bluntly  trigonous  or  variously  angled,  and  minutely 
reticulated,  with  the  raphe  on  the  upper  side,  2-5  mm.  long, 
2  mm.  wide,  and  as  thick.    The  endosperm  is  copious,  forming 
a  white  layer  round  the  inner  face  of  the  seed,  whHe  all  the 
rest  lying  in  the  middle  of  the  seed  and  between  the  folds  of 
the  embryo  is  transparent  and  mucilaginous,  swelUng  up  m 
water  when  it  becomes  white. 

The  embryo  is  large,  folded,  or  doubled  upon  itself  a 
short  way  above  the  insertion  of  the  cotyledons.  The 
cotyledons  grow  till  they  reach  the  apex  of  the  seed,  then 
they  first  become  concave  on  the  side  towards  the  raphe  (upper 
side  of  the  horizontal  seed),  then  strongly  folded  in  the  same 
direction.  Growth  at  the  apex  is  then  arrested  for  want  of 
space,  but  the  embryo  still  grows,  and  attains  a  comparatively 
large  size  by  lateral  extension  of  the  cotyledons,  each  formmg 
two  long  lobes,  which  extend  round  the  sides  of  the  seed  some- 
times in  one  direction  sometimes  in  the  other,  so  that  when 
mature  the  cotyledons  are  deeply  bipartite  with  oblong, 
obtuse  lobes.    They  are  seven-nerved,  the  midnb  bemg  very 
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short,  and  ending  in  the  sinus,  which  is  the  real  apex  of  the 
cotyledons.  A  slender  nerve  is  given  off  from  each  side  of 
the  apex  of  the  midrib  and  runs  up  close  to  the  contiguous 
edges  of  the  sinus ;  two  short  lateral  ones  are  also  given  off 
from  the  base ;  and  between  the  two  pairs  a  strong  nerve  runs 
to  the  apex  of  each  lobe,  giving  off  a  few  short  branches  on 
each  side. 

A  cui-ious  case  occurs  in  Hannafordia,  containing  a  single 
species  only.  The  arilloid  of  the  seed  is  cut  up  into  numerous 
segments. 

Cotyledons. — The  seedlings  present  four  well-marked  types 
— the  first,  that  of  Sterculia  heterophylla  (fig.  218),  having 
large,  leathery,  foHaceous  cotyledons,  which  are  broadly  oblong, 
obtuse  at  either  end,  petiolate,  five-nerved  with  a  well-marked, 
reticulate  venation,  glabrous  except  the  base  and  petioles, 
which  are  shortly  pubescent  with  glandular  hairs.  The 
hypocotyl  is  also  shortly  pubescent  and  of  moderate  length. 
A  considerable  number  of  the  Sterculiaceas  conform  to  this 
type.  Even  Hermannia  agrees  in  all  the  main  characteris- 
tics except  in  bemg  much  smaller,  and  in  the  discernible 
venation  being  reduced  to  an  indistinct  midrib. 

The  cotyledons  of  Heritiera,  being  large,  thick,  fleshy,  and 
occupying  the  whole  of  the  exalbuminous  seed,  are,  most  pro- 
bably, subterranean  during  and  after  germination.    The  con- 
ferruminate  cotyledons  of  Myrodia,  and  the  fleshy  ones  of 
Cola  and  Herrania,  doubtless   correspond   with   those  of 
Heritiera.    A  third  and  well-marked  type  occurs  in  the  tribe 
Dombeyeae,  with  deeply  bifid  cotyledons,  well  represented  by 
Pentapetes  phoenicea  (fig.  219).    The  seed-leaves  of  the  latter 
after  germination  are  deeply  bifid  with  ovate-oblong,  obtuse, 
diverging  lobes,  five-nerved  at  the  base  with  two  lateral  ones 
given  off  from  the  midrib  near  the  sinus,  thinly  glandular- 
pubescent  at  the  margin,  as  well  as  on  the  rather  slender 
petioles.    The  cause  to  which  the  fission  is  due  has  been  de- 
scribed under  '  Seeds.'    A  fourth  type  occurs  in  Lasiopetalum 
dasyophyllum  and  L.  ferrugineum  (fig.  220).    Here  the  coty- 
ledons are  linear,  entire,  acute,  sessile,  slightly  narrowed  to 
both  ends,  minutely  scaberulous  with  small  elevations,  slightly 
connate  at  the  base,  or  forming  a  shallow  ridge  around*'  the 
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plumule,  showing  a  distinct  midrib,  but  no  other  venation. 
From  the  structure  and  form  of  the  seed  and  embryo  of  the 
other  members  of  the  Lasiopetalese  they  would  evidently  closely 
resemble  the  species  of  Lasiopetalum  in  germination. 


A 


It 


Fig  m.—Sterculia  fmtida,  x  2.  A,  ripe  carpel  or  nutlet,  one  of  fi  ve 
forming  the  fruit.  B,  longitudinal  section  of  same  through  the 
cotyledons.  C,  longitudinal  section  in  the  plane  of  the  cotyledons. 
D,  transverse  section:  endosperm  ;  C,  cotyledon  ;  if,  radicle  ;  M, 
hilum. 

Sterculia  foetida,  L.  (fig.  217). 

Fndt  of  five  separate  carpels,  each  oblong,  broad  and  obtuse  at 
both  ends,  seated  on  the  thickened  receptacle,  smooth,  bluish-black, 
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one-seeded,  indehiscent ;  epicarp  thin,  membranous,  dark-coloured  ; 
mesocarp  much  thicker,  corky,  brown ;  endocarp  black,  hard  and 
crustaceous. 

Seed  large,  oblong,  conforming  in  outline  to  that  of  the  carpel, 
basal,  erect ;  testa  brown  ;  raphe  immersed  ;  chalaza  thickened, 
causing  an  emargination  of  the  cotyledons ;  hilum  basal  in  the 
centre  of  the  cavity  of  the  carpel  and  attached  immediately  to  the 
chalaza. 

_  Endosperm  copious,  fleshy,  whitish,  divided  into  two  equal 
pieces  by  the  cotyledons,  to  which  they  adhere,  resembling  two  thick 
cotyledons. 

Embryo  large,  straight,  central,  equal  to  the  length  and  breadth 
of  the_  cavity  of  the  seed;  cotyledons  oblong  or  obovate,  obtuse, 
emargmate  by  the  thickening  of  the  chalaza,  surrounding  the 
radicle  and  plumule  at  the  base,  and  leaving  only  a  small  orifice 
for  the  radicle  to  protrude,  five-nerved  from  near  the  base,  with 
ascending  slightly  branching  nerves;  radicle  very  short,  included, 
stout,  close  to  the  upper  end  of  the  seed ;  plumule  short,  stout. 

Sterculia  heterophylla,  Bemiv.  (fig.  218). 

Hypocotyl  erect,  terete,  pubescent  with  glandular  hairs,  pale 
green,  soon  becoming  reddish.  '  ^ 

Cotyledons  broadly  oblong,  obtuse  and  rounded  at  the  end,  often 

™rat:  I  suddenly  tapered  or  almo 

truncate  at  the  base,  petiolate,  five-nerved  from  the  base  of  the 
amina,  with  the  nerves  incurved  at  the  apex  forming  a  se  L  of  t 
ramargmal  reticulations,  glabrous  except  at  the  base  subco  aceous" 
deep  green  above,  paler  beneath  ;  lamina  2-3-2-6  cm  lonri'S Tt 
cm.  wide  ;  petiole  channelled  above,  convex  beneath,  pate  gr^en 
pubescent  with  glandular  hairs,  10-12  mm  long  ^ 

Sim  erect  terete,  pale  green  or  brownish,  pubescent  with  glan- 
dular hairs,  ultimately  woody  ;  1st  internode  3'4  cm.;  2nd  llcm. 

^^^P"^^*^'  alternately,  irre- 

neath,  slighHj-  tapered  upwards  from  a  rather  ^tnnt  1-,,..  , 
scent  wrth  glandular  hairs ;  stipules  small,  snbSlate  'Tald!w  Z""' 
pale^coloured,  soon  becoming  dried  up  and  falling  kty  "'"' 
"0.  1.  Lanceolate,  acute,  entire,  small. 

becoming  tage°.™"'  "  gradually 
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Cola  sp. 

Priviary  root  long,  tapering,  stout,  giving  off  few  or  no  lateral 

rootlets  in  the  young  state.  .  ,        ^  . 

Hypocotyl  very  short  and  indistmguishahle  from  the  root,  or 

undeveloped. 


Pig.  218.— Sterculia  heterophylla.   Nat.  size. 


Cotyledons  four,  each  forming  the  q^adi-ant  f  a^.  oblong- 
snherical  mass,  fleshy,  very  large,  occupjang  the  seed  and  subter 
ran  an  during  germination,  white  if  left  unco..red   o  jn  . 

reddish,  or  deep  green  according  to  "^^Pf  'life  o^^g 

Each  of  the  four  cotyledons  has  a  roughly  trigonal  outline  ov^mg 
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to  mutual  pressure,  and  each  is  emarginate  or  auricled  at  the 
base  with  the  auricles  more  or  less  closely  applied  to  one  another 
while  in  the  seed  and  hardly  separating  during  germination. 
Petioles  terete,  rather  slender  (compared  with  the  lamina),  12- 
14  mm.  long  and  attached  to  the  inner  face  of  the  laminje  about  5- 
7  mm.  above  their  base,  that  is  at  the  upper  end  of  the  fissure  between 
the  amides. 

Stem  erect,  stout,  woody,  more  or  less  scaly,  at  least  in  the  young 
state. 

Leaves  alternate,  stipulate,  caulme,  penninerved,  scaly,  petiolate. 
Nos.  1  and  2.  Opposite  or  subopposite,  scaly,  brown. 
Nos.  3  to  6.  Alternate  and  similar. 
No.  7.  Ovate,  foliaceous,  pennuaerved. 

Heritiera  littoralis.  Ait. 

Fndt  of  one  to  three,  rarely  four  to  five,  obovoid,  unequal-sided 
shortly  stipitate,  brown,  rough,  woody,  one-seeded  carpels,  composed 
of  a  dense  mass  of  interlacing  fibres  packed  with  brown  corky  loose 
matter,  and  ending  m  a  stout  curved  beak,  which  is  laterally  com- 
pressed, diverging  outwards  and  much  more  nearly  in  line  with  the 
dorsal  than  the  ventral  suture.  Hence  the  ventral  side  of  the  fi-uit 
appears  almost  ventricose. 

Seed  roughly  obovoid  and  conforming  to  the  interior  of  the 
carpel ;  testa  brown,  thick,  brittle,  resembhng  bark  ;  raphe  ventral 
composed  of  tough  fibres  separable  from  the  seed,  extending  from 
near  the  apex  to  the  base  of  the  cavity  of  the  carpel ;  micropvle 
superior ;  hilum  large,  oblong,  ventral,  below  the  apex  and  extend- 
mg  downwards. 

Endosperm  absent. 

Emhryo^  straight,  when  mature  very  large,  fleshy,  filhng  the 
whole  interior  of  the  seed,  pale  pink  or  flesh-coloured;  cotyledons 
very  thick  plano-convex,  slightly  wrinkled  or  uneven,  sometimes 
furrowed  along  the  back  of  the  midrib,  frequently  if  not  always  un- 
equal, oval  or  oblong-oval  in  outline,  but  often  assuming  various 
shapes  auricled  at  the  base  and  embracing  the  radicle.  The  larCs 
cotyledon  is  sometimes  placed  with  its  back  to  the  ventral  suture 
ometimes  to  the  dorsal  suture  or  irregularly.  In  some  instanced 
he  cotyledons  are  of  different  lengths  or  variously  twisted  and 
deformed  or  even  multiplied,  and  irregular  in  size  and  nurber 

ihe  radicle  when  normal  is  stout,  very  short,  grasped  bv  thp 
auricles  of  the  cotyledons,  beyond  which  it  does  not  protSe  ^i  i! 
superior.  j/^^uuiuut! ,  n  is 

Plumule  small,  densely  covered  with  short  brown  hairs. 
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Pentapetes  phoenicea,  L. 

Fruit  a  capsule,  shortly  globose-oblong,  five-celled,  many-seeded, 
^vith  the  seeds  arranged  horizontally  in  two  rows,  dehiscing  locuhci- 
dally  from  base  to  apex,  separating  from  a  plumose  nerve  (the  mid- 
rib of  the  carpel) ;  epicarp  crustaceous,  brown  ;  endocarp  thinner, 

membranous,  pale.  .  . 

Seed  obovoid,  subtrigonous  or  variously  angled,  minutely  reticu- 
lated- seed-coat  double;  outer  (testa)  crustaceous,  brown ;  mner 
(tegm'en)  thin,  pale;  micropyle  and  liilum  basal;  chalaza  apical ; 
rale  on  the  superior  side  of  the  horizontal  seed,  facing  the 
apex  of  the  ovary.    Seed  2-5  mm.  long,  2  mm.  broad,  and  2  mm. 

'^"^%ndosperm  copious,  forming  a  white  layer  round  the  inner  face 
of  the  seed,  while  all  the  rest  lying  in  the  middle  of  the  seed  and 
between  the  folds  of  the  embryo  is  transparent  and  mucilagmous, 
qwelline  up  in  water,  when  it  becomes  white.         ,  ,      ,  . 

Snj  large,  folded  or  doubled  upon  itself  definitely  m  the 
low^-  half,  but  somewhat  indefinitely  above;  cotyledons  deeply  b^d 
Growing  till  they  reach  the  apex  of  the  seed,  when  they  become  fiist 
c'orave  on  the  side  towards  the  raphe  (upper  side),  and  then  strong^ 

oTd  n  that  direction.    Growth  at  the  apex  is  here  stopped  for 
w  nt  of  space,  but  the  embryo  continues  to  develop  ^^l^^ 

I,  ■    o  .y.^^o■\^  larcrer  size  by  lateral  extension  of  the  cotyieaons 
:m™t  St.  U  sLettoe.  in  one  ^i^^'-n  somettoes 

rnXr  :  "    erJ^nfofl  .  .^.^  each  * 

short  ana  enas  d  ^  ^^^^  gi^e  of  the  midi-ib, 

are  the  stroi  g  conspicuous.    Radicle  straight, 

:rrob:u:ro"/tte  ot       .engtl.  of  the 

seed. 

Seedling  (fig.  219)-  ,        .     ,  „ 

Bypocotyl  erect,  terete,  thinly  glandular-pubescent,  pale  green, 

2-6-4-5  cm.  long.  ^^^^  ^.^juse. 

Cotyledons  P*»'»^^^7™,t te  midrib  forks  in  the  sinus, 
ritltTa;  plsc"  at  he  margin,  pale  green ;  petiole  senri- 
S.tt'^tove.  above,  '>^i^'y„ Bla.dul.-^pubescent. 

1st  interncde  6  mm.  long;  2nd  1-75  mm. ;  3rd  1  mm. 
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Leaves  simple,  cauline,  alternate,  stipulate  (1st  leaf  exstipu- 
late  !),  petiolate,  glabrous  or  nearly  so  ;  petioles  semiterete,  slightly 
grooved  above,  thinly  hairy;  stipules 
small,  subulate,  obtuse,  glandular- 
pubescent. 

No.  1.  Obovate-cuneate,  obtusely 
serrate  with  aristate  teeth,  five-nerved 
at  the  base. 

Nos.  2  and  3.  Ehomboid-ovate, 
serrate,  with  aristate  teeth ;  five-nerved 
at  the  base  and  alternately  nerved  up- 
wards. 


Pentapetes  pliosnicea. 
Nat,  size. 


Hermannia  cuneifolia,  Jacq. 

Eypocotyl  erect,  terete,  minutely 
pubescent,  7-12  mm.  long,  hght  green 
or  colourless. 

Cotyledons  oblong,  obtuse,  entire, 
petiolate,  glabrous,  dark  green,  fleshy, 
indistinctly  one-nerved. 

Stem  erect,  terete,  herbaceous, 
pubescent ;   1st  internode  1-6-2  mm. 

long.  ^  Pie.  219.- 

First  leaves  simple,  cauHne,  alter- 
nate obovate,  obtuse,  crenate  near  the  apex,  petiolate,  stipulate ; 
stipules  deciduous,  pubescent,  hght  green,  pinnatinerved. 

Lasiopetalum  dasyophyllum,  Sieb. 

Eypocotyl  erect,  terete,  soon  becoming  brown,  1-1-2-2  cm  lon^ 

Cotyledons  hnear,  entire,  acute,  sessile,  shghtly  narrowed  at  both 
ends,  showmg  a  distmct  midrib  but  no  other  venation,  glabrous 
minutely  scaberulous,  bright  green  above,  paler  beneath!  shghtl^ 
c  onnate  at  the  base  around  the  plumule,  15-30  mm  long 

Sim  erect   somewhat  obtusely  angled,  minutely  glandular- 
pubescent,  scaberulous.  pale  green,  becoming  brown  ;  1st  internode 
about  2-5  mm  long ;  2nd  1-25-1-5  mm. ;  3rd  5  mm. ;  4th  9-5  mm 
5th  and  6th  about  1-4-1-6  cm.  ' 

Leaves  simple,  cauhne,  alternate,  exstipulate,  petiolate  alter 
nately  mcurvmerved,  glabrous,  scaberulous^n  tL  upper  surface" 
with  smaU,  glandular  elevations,  shiny  when  young,  "  rtn 

above,  paler  and  shiny  beneath;   stipules  apparently  obsolete 
petioles  extremely  short  or  almost  none,  while  the  leaf  is  srmuch 
narrowed  towards  the  base  as  to  resemble  a  petiole 
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Nos  1-8  Cuneate-obovate,  obtuse,  serrate  or  dentate  along 
the  apex,  gradually  tapering  or  cuneate  at  the  base,  where  it  is  more 
or  less  glandular-dentate,  with  small  or  mmute  teeth 

No  4.  Narrowly  obovate-cuneate,  much  narrowed  at  the  base, 
irregularly  dentate  near  the  apex,  minutely  so  below. 

Nos.  5  and  6.  Oblong  or  lanceolate,  obtuse,  with  a  lew  large 
teeth,  or  minutely  dentate  only.  _      ,    ,  u  i 

No  7  Linear-lanceolate,  obtuse,  tapermg  to  both  ends,  but 
especially' to  the  base,  slightly  revolute  at  the  margin  as  is  the  one 
below  it,  but  more  especially  the  younger  ones  above,  which  gradu- 
ally become  narrower  and  more  elongated. 

Lasiopetalum  ferrugineum,  Sm.  (fig.  220). 
Hypocotyl  erect,  terete,  more  or  less  scabrous,  soon  becommg 
brown  and  losing  its  epidermis  by  splitting  in  longitudinal  fissm-es. 
Cotyledons  tapering  to  a  narrow  base  and  forming  a  very 

slender    line    around    the  i 
first  and  somewhat  thickened 
node,  not  very  distinctly  pe- 
tiolate,   sHghtly  channelled  j 
above,  1-7-2-4  cm.  long,  1-5-  1 
2-5  mm.  wide,  otherwise  as 
in  L.  dasyophyllum. 

Stem  as  in  L.  dasyophyl- 
lum ;  1st  internode  2-8  mm. 
long  ;  2nd  1-6-5  mm. ;  3rd 
1-12-5  mm. 

Leaves  as  in  L.  dasyo-  j 
phyllum ;  petioles  very  short,  [ 
channelled  above,  gradually  | 
becoming  shorter,  as  thej 
leaves  develop,  from  the  first! 
one  upwards. 


Fig.  2^0.— Lasiopetalum  ferrugineum. 
Half  nat.  size. 


Nos.  1-4.  Obovate-cuneate,  tapering  to  a  long  base,  variouslyj 
and  obtusely  dentate  along  the  obtuse  apex. 

No  5  Ehomboid  or  cuneate,  variously  and  obtusely  dentate 
for  the  greater  part  or  the  whole  of  its  length,  tapering  much  to 

*^^No' 6.  Spathulate,  obtuse,  tapering  to  a  long  base,  with  one  tj 
two  coarse  teeth  at  the  apex  and  small  ones  throughout  the  greatea 

part,  or  at  the  base  only.  ,        ^       j  fhJl 

Nos  7-9.  Linear,  obtuse  or  cuspidate,  gradually  tapered  to  tm 
base  aiKl  minutely  toothed  throughout  or  subcrenate. 
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TILIACEtE. 

Benth.  et  Hook.  Oen.  PI.  i,  228. 

Fruit  and  Seed — The  ovary  in  the  Tiliacese  is  superior,  syn- 
carpous,  two-  to  ten-celled.  The  ovules  are  solitary  or  geminate 
in  each  cell,  inserted  at  the  inner  angle,  and  pendulous  from  the 
top,  or  ascending  from  the  base ;  sometimes  the  ovules  are 
few,  attached  to  the  middle  of  the  placenta  and  ascending  or 
pendulous,  or  in  other  genera  they  are  numerous  and  arranged 
in  two  to  many  ranks,  anatropous  or  subanatropous  with  the 
raphe  ventral  or  lateral.    An  abnormal  form  occurs  in  Spar- 
mannia,  where  the  ovary  is  half  inferior,  and  almost  one- 
celled  by  the  abortion  or  suppression  of  the  septa.  The 
carpels  are  nearly  free  in  Christiana  and  Brownlowia.  The 
fruit  varies  in  different  species  from  two-  to  ten-celled,  or  may 
be  one-celled  by  abortion ;  sometimes  the  locuH  are  spuriously 
divided  by  longitudinal  or  transverse   divisions  developed 
between  the  seeds.    When  mature  it  is  a  nut  as  in  Tilia,  a 
drupe  as  in  Grewia  and  Elseocarpus,  or  a  berry  as  in  Aristotelia 
and  Muntingia.    In  aU  these  cases  it  is  indehiscent ;  but  in 
Columbia  it  divides  or  splits  into  cocci,  or  it  is  capsular  and 
dehisces  loculicidally,  more  rarely  septicidally  as  in  Dubouzetia. 

The  seeds  vary  from  one  to  many  in  each  cell  and  are 
ascendmg,  pendulous,  or  transverse.    The  testa  is  leathery 
crustaceous,  and  smooth  or  densely  hairy  or  pilose  as  in  Berrya' 
Carpodiptera,  and  at  the  margin  only  in  Belotia :  in  certaiii 
genera  it  is  thickened  and  hardened  at  the  chalaza  as  in 
Tiha,  Berrya,  and  others.    The  endosperm  is  fleshy  and 
copious  or  thin,  very  rarely  entirely  absent  as  in  Brownlowia 
ihe  embryo  varies,  but  is  generally  straight,  with  ovate  or 
roundly-cordate  foliaceous  rarely  fleshy  and  aknond-like  coty- 
ledons ;  and  a  short  radicle,  rarely  longer  than  the  cotyledons 
close  to  the  hilum.  ^  ' 

_     The  seeds  may  be  roughly  divided  into  four  groups  accord 
mg  to  the  form  and  other  characters  of  the  embryo  The 
farst  group  has  fleshy  or  almond-like  cotyledons  as  in  Brown 
lowia,  m  which  endosperm  is  absent.    Others  in  this  cate 
gory  are  Sloanea  and  Prockia.    The  radi  le  in  Prockia  is 
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longer  than  the  cotyledons,  and  the  latter  are  very  small  in 
Muntingia,  continuous  with,  and  scarcely  broader  than,  the 
thick  and  fleshy  radicle. 

A  large  number  of  genera  have  a  copious  endosperm 
surrounding  a  sHghtly  shorter  embryo  with  broad,  foliaceous, 
and  ovate  or  rotund-cordate,  straight  and  flat  cotyledons 
which  are  foUaceous  in  germination.    This   group  would 
include  Christiana,  Columbia,  Erinocarpus,  Triumfetta,  Helio- 
carpus,  Honckenya,  Luhea,  Glyphsa,  Apeiba,  Echinocarpus, 
Tricuspidaria,  and  others.    There  is,  however,  some  variation 
even  in  the  same  genus,  as  in  Elseocarpus  and  Aristotelia, 
the  cotyledons  of  which  are  flat  in  some  species  and  un- 
dulate in  others.    These  latter  lead  to  a  third  group  in 
which  the  embryo  is  not  entirely  flat  but  has  the  cotyledons 
variously  curved  or  bent.    Berrya  Ammonilla  may  be  taken 
as  a  type  of  this  group.    The  seed  is  obovoid,  pale  brown, 
much  thickened  and  black  at  the  chalaza,  and  contains  a 
copious,  colourless   endosperm,  which  becomes  white  and 
swollen  when  steeped  in  water.    The  cotyledons  are  obovate 
or  orbicular  in  different  seeds  and  deeply  cordate  at  the  base, 
including  the  hypocotyl  in  the  notch,  five-nerved  from  the  base, 
the  nerves  giving  off  smaller  branches  ;  from  being  longer 
than  the  endosperm  they  are  sharply  curved  or  bent  to  one 
side  below  the  apex.    They  are,  however,  otherwise  flat, 
closely  adpressed  face  to  face  till  they  come  in  contact  with 
the  thickening  of  the  chalaza,  when  they  bend  towards  the 
dorsal  aspect  of  the  seed.    The  hypocotyl  and  radicle  together 
are  about  twice  the  length  of  the  blunt  auricles  of  the  cotyle- 
dons, beyond  which  they  project.    A  transverse  section  of  the 
seed  'shows  that  the  cotyledons  are  sometimes  at  least  shghtly 
incurved  so  as  to  be  concave  along  the  median  Hne.  Several 
others  may  be  placed  in  this  group  inasmuch  as  the  embryo  is 
more  or  less  bent.  Entelea  has  the  cotyledons  nearly  flat  and 
the  radicle  inflexed  or  but  shghtly  bent ;  the  embryo  of  Spar- 
mannia  is  plicate  or  nearly  flat  and  straight ;  in  Corchorus  it 
is  incurved  ;  and  in  Schoutenia  the  margins  of  the  cotyledons 

are  involute.  , 
The  above  are  scattered  through  different  tribes,  several  ot 
them  belonging  to  the  TiUere,  in  which  the  extreme  limit  of 
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comparative  size  and  complication  is  met  with  in  the  genus 
Tilia  itself,  which  may  be  taken  as  the  type  of  a  fourth  group. 
The  ovary  is  five-celled  with  two  ovules  in  each  cell,  but  as  it 
matures  into  fruit,  one  seed  generally  takes  the  lead,  outgrowing 
all  the  others,  which,  together  with  four  out  of  the  five  cells  of 
the  ovary,  remam  small  and  get  crushed  on  one  side.  The 
fruit  is  an  indehiscent  nutlet,  with  one,  rarely  two  seeds  ;  the 
latter  are  obovoid  or  subglobose,  deep  brown,  and  have  the 
testa  thickened  at  the  chalaza.    The  endosperm  is  copious, 
fleshy,  pale  yeUow,  or  nearly  white.    The  embryo  is  at  first 
obtusely  ovate,  with  entu-e  undivided  cotyledons,  which  as 
growth  goes  on  become  deltoid  and  subpalmately  five-lobed. 
When  the  apex  comes  in  contact  with  the  testa  in  the  chalazal 
region  of  the  seed,  the  cotyledons  bend  and  then  become  folded 
or  doubled  upon  themselves  with  the  loop  of  the  fold  sharply 
deflected  on  the  ventral  aspect.    The  terminal  lobe  then  grows 
in  the  opposite  direction,  and  curves  round  the  apex  of  the 
seed,  with  the  tip  so  nearly  exposed  as  to  be  quite  visible 
through  the  endosperm.    The  two  pah's  of  lateral  lobes  reach 
the  sides  of  the  seed,  and  become  curved  round  it  to  the  dorsal 
aspect,  where  their  tips  also  become  quite  visible  through  the 
endosperm.    The  lobes  are  narrowly  ovate,  obtuse,  and  each 
has  a  strong  median  nerve  running  through  it;  the  lower 
pair  springs  from  the  base  of  the  lamina,  while  the  pair  above 
them  arises  from  the  side  of  the  primary  nerve ;  the  basal  pair 
and  the  terminal  lobes  are  considerably  larger  and  longer  than 
the  middle  pair.  The  hypocotyl  and  radicle  are  cylmdrical  and 
obtuse  or  somewhat  clavate.    The  above  characters  have  been 
taken  from  T.  vulgaris  (fig.  223,  which  shows  the  form  of  the 
embryo  separated  from  the  endosperm).    T.  petiolaris  differs 
only  m  mmute  particulars ;  a  section  of  the  fruit  shows 
(fig.  224)  the  relative  position  of  the  embryo  and  seed  to  the 
hint ;  the  embryo  as  a  whole  is  less  folded  than  in  T.  vulgaris 
The  basal  and  termmal  lobes  of  the  cotyledons  are  shorter' 
blunter,  and  more  rounded,  while  the  median  pair  is  relativelv 
very  small.    The  median  nerve  of  the  latter  sometimes  arises 
trom  the  base  of  the  lamina,  in  which  case  the  venation  and 
divisions  are  truly  palmate. 

The  folding  of  the  various  parts  of  the  embryo  is  easily 
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accounted  for,  since  it  grows  too  large  to  lie  flat  in  the  seed. 
An  indication  of  this  condition  is  seen  in  Berrya  Ammonilla, 
where  the  cotyledons  become  slightly  curved  at  the  apex,  while 
in  Schoutenia  they  are  involute  at  the  margin.    This  is 
precisely  what  happens  in  Tiha,  and  the  differences  consist  m 
the  larger  embryo,  the  greater  amount  of  folding,  and  above 
all  in  the  division  of  the  cotyledons  into  five  lobes.    The  only 
apparent  reason  for  the  lobing  is  to  facilitate  folding,  not  only 
at  the  apex,  but  all  round  the  sides.    The  seed  being  obovoid 
or  globose,  the  embryo  assumes  the  form  of  a  half-closed  fist 
in  order  to  accommodate  itself  to  that  shape. 

Cotyledons.— The  cotyledons  may  be  grouped  under  four 
headings,  namely,  obovate,  ovate,  lanceolate  or  oblong-lanceolate, 
and  lobed.  The  first  type  is  seen  in  Berrya  Ammonilla  (fig.  221), 
which  has  rotund-obovate,  obtuse  cotyledons,  suddenly  tapered 
into  the  petiole,  five-nerved,  reticulate,  glabrous  except  on  the 
principal  nerves  and  the  petiole,  which  are  finely  pubescent. 
The  hypocotyl  is  also  similarly  pubescent— not  a  common 
occurrence.  Before  germination  they  vary  according  to  the 
shape  of  the  seed  from  obovate  to  orbicular  with  a  deeply 
cordate  base,  but  subsequently  lose  the  latter  pecuharity, 
as  in  many  or  most  of  the  Labiatse  and  in  Cuphea  among 
the  Lythrariese. 

Ovate  cotyledons  are  more  common,  perhaps  the  commonest 
form  in  the  Order.  Those  of  Corchorus  olitorius  (fig.  222)  are 
ovate,  obtuse,  five-nerved  at  the  base,  subfleshy,  glabrous 
except  the  petiole,  which  is  occasionally  thinly  pubescent  like 
the  hypocotyl.  Those  of  C.  capsularis  differ  in  being  broadly  or 
rotundly  ovate  and,  sometimes  at  least,  turned  to  one  side  of 
the  stem,  which  would  indicate  a  tendency  to  become  fleshy  and 
functionless,  except  as  a  storehouse  for  reserve-materia  .  An- 
stotelia  racemosa  agrees  more  nearly  with  Corchorus  olitorms 
except  in  being  membranous,  indistinctly  nerved,  and  glabrous. 

In  some  species  of  Elteocarpus  the  cotyledons  after  lea vmg 
the  seed  grow  to  a  considerable  size.  Those  of  E.  oblongus 
(fig  226)  are  oblong-lanceolate,  obtuse,  very  shortly  petio- 
late,  trinerved  in  the  lower  half,  reticulate,  subcoriaceous, 
glabrous,  with  red  veins,  very  persistent  like  the  true  leaves 
about  6  cm.  long,  and  2-5  cm.  wide  at  the  base.    Those  of 
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E.  cyaneus  are  also  foliaceous,  but  much  smaller,  lanceolate, 
obtuse,  opaque,  coriaceous,  obscurely  penninerved  and  reticu- 
late, 1-9  cm.  long,  and  about  7-25  mm.  broad ;  the  petiole  is 
only  1  mm.  long. 

The  fourth  type  is  that  of  Tilia  vulgaris  (fig.  223)  and 
others  of  the  same  genus.  The  cotyledons  of  the  former  after 
germination  are  fohaeeous,  rhomboid-subtriangular,  five-lobed, 
five-nerved  at  the  base  with  the  two  lower  pairs  of  nerves  run- 
ning into  the  basal  pair  of  lobes,  alternately  nerved  upwards 
with  two  strong  nerves  running  into  the  middle  and  small  pair 
of  lobes,  thinly  pubescent  on  both  surfaces,  l-5-2*l  cm.  long, 
and  1-7-2-5  cm.  from  tip  to  tip  of  the  basal  pair  of  lobes  ;  the 
petiole  is  rather  slender,  semiterete,  and  pubescent.  Occasion- 
ally three  perfect  cotyledons  occur,  and,  corresponding  exactly 
in  shape  to  those  of  normal  seedlings,  indicate  that  the  5-lobed 
character  is  of  long  standing  and  has  become  thoroughly  fixed 
by  heredity ;  otherwise  if  they  depended  directly  upon  the  con- 
formation of  the  seed  for  their  peculiar  shape,  the  presence  of 
three  would  have  caused  some  modification  of  the  normal  type. 

The  Tiliaceae  include  some  330  species,  dispersed  over  the 
whole  world,  most  numerous  within  the  tropics  of  both  hemi- 
spheres, less  so  in  temperate  regions  both  north  and  south 
of  the  equator. 

Berrya  Ammonilla,  Boxh. 

Fruit  a  capsule,  subglobose,  three-celled,  each  cell  one-  to  two- 
seeded  ;  dehiscing  loculicidally  by  three  valves. 

Seed  obovoid,  glabrous,  pale  brown  and  often  with  darker  brown 
stripes  from  the  hilum  upwards;  seed-coat  double— testa  thin, 
membranous,  easily  separable  from  the  tegmen  which  is  much 
thicker,  crustaceous,  deeper  brown,  much  thickened  and  hardened 
at  the  chalaza  where  it  is  nearly  or  quite  black ;  micropyle  and 
hilum  contiguous,  basal ;  raphe  ventral,  separable  from  the  testa  ; 
chalaza  apical. 

Endosperm  copious,  colourless,  and  shrunk  away  from  the 
dorsal  aspect  when  dry,  white  when  moist. 

Embryo  central,  curved  or  bent  above  the  middle  owing  to  its 
being  shghtly  longer  than  the  endosperm,  pale  yellow  ;  cotyledons 
cordate-orbicular,  five-nerved  from  the  base,  with  a  few  short  altern- 
ate nerves  proceeding  from  the  midrib,  broad,  flat,  closely  adpressed 
face  to  face,  straight  until  they  come  in  contact  with  the  thickenmg 
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at  the  chalaza,  when  they  bend  towards  the  dorsal  aspect  of  the 
seed  ;  auricles  rounded,  obtuse  ;  radicle  stout,  oblong,  obtuse,  about 
twice  as  long  as  the  auricles  of  the  cotyledons,  with  its  tip  embedded 
in  the  endosperm  close  to  the  micropyle. 
Seedling  (fig.  221). 

Hypocotyl  erect,  terete,  densely  and  finely  pubescent,  pale  green, 
1  •8-2-1  cm.  above  the  soil. 

Cotyledons  rotund-obovate,  obtuse,  entire,  suddenly  tapered  into 
the  petiole  at  the  base  ;  five-nerved  and  reticulate,  glabrous  except 

on  the  principal  nerves 
and  the  petiole,  which  are 
/^f^l  pubescent,  hght   green ; 

lamina  10-13  mm.  long, 
9-11  mm.  broad ;  peti- 
ole semiterete,  flattened 
above,  densely  pubescent, 
2"5-3  mm.  long. 

Stem  erect,  terete, 
densely  and  finely  pubes- 
cent, pale  green,  ultimately 
woody  ;  1st  internode  4-5 
mm.  long;  2nd  4-6  mm. ; 
3rd  5-7  mm. 

Leaves  simple,  cauline, 
alternate,  stipulate,  petio- 
late,  five-  to  seven-nerved 
and  reticulate,  Ught  shin- 
ing green,  pubescent  on  the 
nerves  on  both  sm'faces ; 
petiole  terete,  tapering  up- 

„  _        ,        .77     in-  .  „•  „       wards  from  a  rather  stout 

Pig.  221. — Berrya  Ammomlla.   Nat.  size. 

base,  densely  pubescent, 
pale  green;  stipules  small,  subulate,  slender,  green,  deciduous, 
inserted  at  the  very  base  of  the  petiole  of  the  leaf  or  on  the  stem. 

No.  1.  Ovate,  with  a  cordate  base,  five-nerved,  and  obsoletely 
toothed  above  the  two  large  lateral  obtuse  teeth,  into  which  the 
middle  pair  of  strong  nerves  is  directed. 

No.  2.  Similar,  but  broader. 

No.  3.  Acuminate,  and  (at  least  in  the  young  stage)  narrower 
than  the  first  and  second  ;  venation  the  same. 
Corchorus  olitorius,  L.  (fig.  222). 

Ilyiwcotyl  erect,  terete,  rather  fleshy,  thinly  pubescent,  about 
8  mm.  long. 
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Cotyledons  ovate,  obtuse,  five-nerved  at  the  base,  rather  fleshy, 
glabrous,  petiolate  ;  lamina  7  mm.  long,  5  mm.  broad  ;  petiole  thinly 
pubescentor  glabrous, flattened  above,  convex  beneath,  3-25  mm.  long. 

Stem  erect,  terete,  thinly  pubescent,  pale  green  ;  1st  internode 
6*5  mm.  long,  2nd  and  3rd  each  1-5  mm. 

Leaves  simple,  cauline,  alternate,  stipulate,  petiolate,  glabrous, 
plicate  in  vernation,  alternately  penninerved,  a  deep  shining  green 
above,  paler  beneath ;  petioles 
semiterete,  flattened  on  the  upper 
side,  pubescent ;  stipules  subulate, 
slender,  entire,  free,  glabrous. 

No.  1.  Small,  ovate,  serrate, 
subcuneate  at  the  base. 

Nos.  2-4.  Ovate,  acute  or  sub- 
acute, round  and  trinerved  at  the 
base,  serrate. 

Tilia  vulgaris,  Hayne  (fig. 
223). 

Fruit  an  ovoid  or  subglobose 
nut,  fifteen-angled,  tomentose,with 
somewhat  rufous  hairs,  one-celled 
by  the  rupture  of  the  septa,  one- 
seeded,  tipped  with  the  persistent 
base  of  the  style,  attached  to  a 
large  deciduous  bract  which  en- 
sures dispersion  by  aid  of  the  wind. 

Seed  ascending  or  erect,  ob- 
ovoid  or  subglobose,  deep  brown, 
smooth  with  a  firm  or  crustaceous 
coat  of  two  distinct  layers  ;  hilum, 
raphe,  &c.  as  in  T.  petiolaris. 

Endosperm  copious,  firm,  fleshy,  pale  yellow  or  nearly  white, 
surrounding  the  embryo,  which  pierces  it  in  several  places,  and  is 
almost  naked  at  those  points. 

Embryo  primarily  straight,  ultimately  large,  bent,  divided,  with 
Its  parts  curved  or  arched :  cotyledons  applied  face  to  face,  originally 
ovate  obtuse,  entire,  ultimately  five-lobed from  an  ovate  or  deltoid  sub- 
cordate  base  deflexed  bodily  downwards  towards  the  ventral  aspect  of 

a7Jt.,t%      .^^^''^  ^^^^^  ^^'^       °f      ^eg^ents  arched 

over  to  the  dorsal  aspect  and  piercing  almost  through  the  endosperm 

lunmng  mto  the  basal  segments,  and  two  alternate  ones  running 


Fig.  222. — Coo-chorus  olitorius. 
Nat.  size. 
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into  the  middle  segments,  and  also  a  strong  median  nerve  ;  segments 
narrowly  ovate,  obtuse— terminal  one  longest  and  narrowest ;  radicle 
cylindrical,  obtuse,  about  2'5-2-75  mm.  long. 

Seedling. 

Hypocotyl  erect,  terete,  pubescent  or  almost  glabrous,  pale  green, 
or  afterwards  red,  2-8  to  4-5  cm.  long. 

Cotyledons  broad,  foliaceous,  rhomboid  and  palmately  five  lobed, 
five-nerved  at  the  base,  with  the  outer  and  lower  pair  of  nerves 
slender,  alternately  nerved  upwards,  reticulate,  shining  and  thinly 
pubescent  on  both  surfaces,  deep  green  above,  paler  beneath,  petiolate ; 
lobes  oblong,  obtuse,  with  a  strong  nerve  running  into  each,  the  basal 
ones  always  largest  and  sometimes  ovate,  the  middle  pair  of  lobes 
always  the  smallest  and  oblong  or  subulate ;  lamina  1-5-2-1  cm.  long, 


Fig.  223.— KZia  vulgaris.  A,  seedling,  nat.  size.   B,  embrj'o,  x  8. 

1-7-2-5  cm.  from  tip  to  tip  of  the  basal  pair  of  lobes  ;  petiole  semi- 
terete,  shallowly  channelled  above,  pubescent  G-8  mm.  long-  _ 

Stem  erect,  flexuous  or  bent  at  each  node,  densely  Pubescent^ 
hairs  simple  or  stellate,  pale  green,  dtimately  woody ;  1st  mternode 
•75-1  mm.  long  ;  second  2-5-5  mm.  •  ,  .    ^  ^r^ 

Leaves  simple,  cauhne,  alternate,  stipulate,  petiolate,  live- 
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seven-nerved  at  the  base,  and  alternately  nerved  upwards,  reticulate, 
pubescent  on  both  surfaces  in  the  seedling  stage,  becoming  glabrous 
in  the  adult  plant,  with  woolly  tufts  at  the  junction  of  the  lateral 
nerves  and  the  midrib  on  the  under  side,  more  or  less  shiny  on  both 
surfaces,  deep  green  above,  paler  beneath  ;  stipules  oblong,  obtuse, 
seated  at  the  union  of  the  petiole  with  the  stem,  pale-coloured  or 
scarious,  deciduous  ;  petioles  terete,  tapering  upwards  from  a  stout 
base,  densely  pubescent  with  simple  or  stellate  hairs. 

No.  1.  Cordate-ovate,  acuminate,  five-  or  faintly  seven-nerved 
from  the  base,  irregularly  serrate,  shghtly  oblique  at  the  base  or 
almost  equal,  with  strong  axillary  buds. 

No.  2.  Cordate,  acuminate,  obtuse  or  subacute,  more  or  less 
obhque  at  the  base,  irregularly  serrate,  with  strong  axillary  buds. 

Tilia  petiolaris,  DC.  (fig.  224). 

Fridt  five-celled,  one-seeded,  globose,  tomentose  or  downy  and 
pale  greenish-white,  thick-walled,  woody  or  corky  internally,  inde- 
hiscent. 

Seed  globose  or  subobovoid,  pale  white,  pushmg  the  other  cells 
aside  and  monopoHsing  the  greater  part  of  the  fruit;  hilum 
ventral  somewhat  above  the  base; 
raphe  ventral ;  chalaza  apical  or  rather 
towards  the  dorsal  aspect  of  the  upper 
end  of  the  seed,  marked  externally  with 
a  clear  or  nearly  transparent  space,  but 
very  prominent  internally,  forming  a 
shortly  conical  projection  with  a  broad, 
base  ;  radicle  inferior. 

Endosperm  in  the  young  seed  pale, 
transparent,  and  soft  or  fleshy,  according 
to  age. 

Embryo  in  a  very  young  stage 
straight,  with  a  stout,  obtuse,  radicle  ^ 
and  two  ovate,  obtuse,  plano-convex,  p,,,  n„,    ^t,-,-        ,  . 

fl„„i  1  ,  T  -I  '   biQ.  224. — Tilia  petiolaris,  x  4. 

nesny,  pale  green  cotyledons.  Longitudinal  section  of  fruit : 

Ch,  chalaza ;  C, cotyledons ;  OT, 

Aristotelia  racemosa  i&s.  225).  ^S'  '^^'spen;  p  endo- 

V  6 ■  ^^w; .  sperm  ;  Pc,  pericarp ;  H,  hilum ; 

Root  long,  woody,  branched,  with  "^"'^'^'^ 
many  brown  fibrous  lateral  rootlets. 

Hypocotyl  woody,  1-2  cm.  long,  1  mm.  thick,  terete,  smooth, 
yellowish -brown. 

Cotyledons  shortly  stalked,  6-6  mm.  long,  8-4  mm.  broad, 
broadly  ovate  or  oblong-ovate,  rounded  at  base  and  apex,  entire,  flati 
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indistinctly  nerved,  membranous,  dull  green  above,  paler  below, 
glabrous. 

Stem,  lower  part  like  the  hypocotyl,  upper  somewhat  succulent, 
downy,  terete. 

Leaves  simple,  cauline,  alternate  or  mostly  opposite  or  suboppo- 
site,  exstipulate  (?),  petiolate,  glabrous  above,  pubescent  beneath, 
coriaceous,  alternately  penninerved  and  reticulate  ;  stipules  appa- 
rently obsolete. 

Nos.  1  and  2.  Opposite,  shortly  stalked,  1  cm.  long,  4  mm.  broad, 
ovate-lanceolate,  acuminate,  prominently  penninerved,  thin,  with  a 

few  hairs  on  the  deeply  serrated 
margin  and  on  the  pale  lower 
surface  ;  upper  surface  glabrous 
and  dull  green. 

Nos.  3-8.  Alternate,  larger. 
Nos.  9-12.  In  paks,  4-5 
cm.  long,  2-5  cm.  broad,  with 
long,  stout,  pubescent  petioles, 
coloured  like  the  stem  ;  lamina 
cordate-ovate,  acuminate  or  cus- 
pidate, irregularly  and  very  deeply 
serrated,  with  acute  teeth  ;  penni- 
nerved, with  very  distinct,  reticu- 
late veins,  upper  surface  as  in  the 
first  pair,  lower  with  red  midrib 
and  nerves. 


Fig.  225. — Aristotelia  racemosa. 
Nat.  size. 


Elseocarpus  oblongus,  Sm.  (fig.  226). 

Hypocotyl  about  8  cm.  long,  4  mm.  thick  near  the  base,  2-5  mm. 
just  beneath  the  cotyledons,  firm,  terete,  glabrous,  red,  brownish 

towards  the  root. 

Cotyledons  very  persistent,  subsessile,  nearly  equal,  6  cm.  long, 
2-5  cm.  broad,  oblong  or  oblong-lanceolate,  subacute  at  the  base, 
rounded  at  the  apex,  entire,  trinerved,  the  two  lateral  nerves  very 
short  in  comparison  with  the  very  prominent  midi-ib,  reticulate,  sub- 
coriaceous,  glabrous,  Hght  green  with  raised  venation  on  the  upper 
surface,  paler,  smooth,  and  shining  below  ;  nerves  and  veins  red  on 

both  surfaces.  „     .  ,       j  r 

Stem  firm,  terete,  pubescent,  red,  the  first  few  mternodes  o  mm. 

long,  2-3  mm.  thick.  ,  ,  ,  i 

Leaves  simple,  cauline,  opposite  or  subopposite,  stipulate,  shoitiy 
petiolate,  ciliate,  pubescent  on  the  upper  surface  and  on  the  neive^ 
beneath  when  young,  alternately  mcurvmerved  and  reticulate, 


Fia.  226.—Elcpocnri}us  ohlongm.    Nat.  si; 
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coriaceous  ;  petioles  very  short,  semiterete ;  stipules  very  small, 
black,  bristle-like,  inconspicuous. 

No.  1.  A  little  smaller  than  the  cotyledons,  shortly  stalked, 
elliptic-lanceolate,  acuminate,  shallowly  serrate  with  adpressed 
apiculate  teeth,  and  one  black  mucro  at  each  side  of  base  of  the 
lamina  ;  venation  mcurvinerved  and  reticulate  with  the  nerves  and 
veins  red  on  both  sides,  silky  with  adpressed  hairs  on  the  margm 
and  upper  surface,  as  weU  as  on  the  nerves  of  the  lower,  coloured 
like  the  cotyledons,  but  showing  the  nervation  and  venation  equally 
well  on  both  sides. 

Nos.  2-5.  Similar,  only  larger  and  more  elHptic,  subacuminate. 

Elseocarpus  reticulatus,  Sm. 

Hypocotyl  woody,  erect,  terete,  glabrous,  pale  brownish,  1-8  cm. 
above  the  soil. 

Cotyledons  persistent,  lanceolate,  obtuse,  opaque,  coriaceous, 
obscurely  penninerved  and  reticulate,  glabrous  ;  lamma  1-9  cm. 
long,  7-25  mm.  broad  ;  petiole  broad,  semi-amplexicaul,  1  mm.  long. 

Stem  woody,  erect,  terete,  pubescent,  pale  brown ;  1st  mternode 
3  mm.  long ;  2nd  2  mm. ;  3rd  5-25  mm. ;  4th  5-25  mm. ;  5th 
7  mm. ;  6th  5  mm. ;  7th  5  mm. ;  8th  7-5  mm. ;  9th  7  mm. 

Leaves  alternate,  serrate;  teeth  incurved;  mucronate,  thmly 
pubescent  when  young,  ultimately  coriaceous,  glabrous,  alternately 
penninerved,  reticulate  prominently  above,  but  not  prommently 
beneath,  with  the  midrib  prominent  on  both  surfaces  ;  petioles 
very  short,  stout,  flattened  above  with  a  promment  midrib,  much 
thickened  beneath  at  the  very  base  and  decurrent  on  the  stem 
forming  a  ridge,  pubescent  when  young,  ultimately  glabrous; 
stipules  minute,  tooth-like. 

No.  1.  Smaller  than  the  cotyledons,  lanceolate,  acute,  deep 
gl-een  above,  paler  beneath,  as  are  the  others. 

Nos.  2-5.  Lanceolate,  acuminate,  mucronate. 

Nos.  6-9.  Lanceolate-elhptic,  acuminate,  obtuse,  mucronate. 

Ultimate  leaves  oblong,  shortly  acuminate,  acute,  tapered  a  Httle 
to  both  ends  ;  petiole  rigid,  channelled  above,  thickened  at  its  inser- 
tion both  with  the  lamina  and  the  stem. 
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LINE^. 

Benth.  et  Hook.  Gen.  PI.  i.  241. 

Fruit  and  Seed. — The  ovary  is  superior,  syncarpons,  and 
tj'pically  five-celled,  but  often  becoming  spuriously  ten-celled 
by  an  outgrowth  from  the  inner  face  of  each  carpel.  Excep- 
tions to  the  general  rule  occur  in  Eadiola  millegrana,  where  the 
flower  is  tetramerous.  The  ovary  of  Eeinwardtia  tetragyna  is 
also  typically  four-celled,  but  that  of  E.  trigyna  and  Anisadenia 
is  three-celled.  The  ovules  are  geminate  and  collateral,  rarely 
superposed,  suspended  from  the  inner  angle  of  each  cell  near 
the  top,  and  are  anatropous,  with  the  micropyle  superior, 
and  the  raphe  ventral.  The  locuH  of  several  species  of 
Erythroxylon  and  Durandea  are  one-ovuled. 

The  fruit  is  a  capsule  breaking  up  into  as  many  cocci  as 
there  are  carpels,  and  dehiscing  along  the  ventral  suture  or 
separating  along  the  dorsal  suture,  thus  formmg  twice  as  many 
pieces  as  there  are  carpels.  It  is  membranous,  one-seeded  by 
abortion,  and  said  to  be  indehiscent  in  Anisadenia.  The  fruit 
of  the  tribes  Hugonie^  and  Erythroxylete  is  drupaceous  or 
baccate,  with  as  many  pyrenes  as  there  are  carpels,  or  with 
one  only  by  suppression  and  then  one-seeded.  The  fruits  of 
the  Ixonanthete  are  subdrupaceous,  but  ultimately  dehisce  at 
the  apex.  The  cocci  of  Phyllocosmus  are  not  septate.  The 
seeds  are  solitary  or  geminate  in  each  cell,  pendulous,  anatro- 
pous, often  compressed  laterally  with  the  ventral  edge  and  raphe 
to  the  placenta,  obovoid  or  oblong,  with  the  testa  sometimes, 
though  rarely,  drawn  out  into  a  membranous  wing.  The 
endosperm  is  fleshy  or  cartilaginous,  copious,  scanty,  or  alto- 
gether wanting  ;  and  the  embryo  is  straight  or  rarely  incurved, 
almost  equalling  the  cavity  in  length  ;  the  cotyledons  are  flat, 
plano-convex,  ovate,  elliptic,  or  linear,  and  fohaceous,  and  the 
superior  radicle  nearly  equals  them  m  length,  with  some 
exceptions  such  as  Anisadenia  and  Sarcotheca,  in  which  it  is 
short. 

The  seeds  are  always  laterally  compressed  when  the  car- 
pels number  three,  four,  or  five  with  twice  as  many  seeds,  but 
when  the  carpels  are  reduced  to  one,  they  are  thick,  obovoid, 
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and  even  or  angled.  Winged  seeds  are  met  with  in  Hebe- 
petalum  and  some  species  of  Ixonanthes,  while  those  of  Phyllo- 
cosmus  and  occasionally  of  Ixonanthes  are  furnished  with  a 
lacerated  mitriform  aril.  Normally  the  embryo  is  axile  that 
rTl  es  fn  the  centre  of  the  endosperm,  but  there_  is  an 
exception  in  Ixonanthes,  where  it  is  lateral  Hugonia  and 
Eoucheria  are  exceptional  in  their  embryo  being  sometimes 
more  or  less  incurved  ;  in  the  mature  seeds  of  Anisadema 

Qnrl  T/innm  it  is  ereen. 

Linum  may  te  taken  aB  a  type  of  those  with  a  dry  capsular 
fruit    In  the  early  stage  of  the  ovary  it  is  flve-ce  led,  mth 
fr  ovules  in  each  of  sUghtly  different  ages  and  slightly 
sZrposed.    The  ovules  at  first  are  represented  by  small 
ZZ  and  as  the  integuments  are  developed  and  they 
heoome  anatropous,  a  false  partition  hegms  to  grow  toward 
the  interior  from  the  inner  face  of  the  carpel  and  separates 
the  ovules  immediately  they  have  become  anatropons  Endo- 
sperm is  wanting  in  the  mature  seed,  aird  the  coty  edons 
7Z  embryo  are  elliptic,  conforming  in  shape  to  that  of 
I  s  el    The  drupaceous  type  is  represented  by  Hugoma 
MTstaf'  The  fruit  is  globose,  fleshy  externally,  with  a  bony 

^docarp  spuriously  ton-celled  with  one  or  two  seeds  m 
endocarp,  sp         }  .^^^^..^^  becomes  pulpy, 

Td  tlTdi^epimenV  obLrated.  The  lateraUy  flattened 
Ids  d  ffer  from  those  of  Lmum  in  contammg  endosperm. 
The  em*  o  almost  equals  the  latter  in  length,  and  rs  pale 
yelLw  and  slightly  incurved  ;  the  -tyledons  are  oh  ong  fla 
foliaceous  thin,  and  alternately  pemimerved  The  seeds  ot 
Ltoum  when  moistened  emit  a  copious  mucUage,  which  a^- 
tTheTthem  to  the  soil,  and  probably  serves  to  facilitate  the 

exit  of  the  young  plant 

Co(,Wo».-Ju  t  as  thei    s  «  y  ^^^^ 

importance  amongst  he  ^^^^  ^^^^^  e^^l  or 

seedlings  coming  under  rny  ,  ^'^J„„,,^a  ;„J  ,  very 

roundly  "''-^J^;"!  P-^^^^  are  oval,  rather  opaque, 
short  petiole,  ihoseoii^mum  ^  iucluding  the 

Tprlmary  leavel   Those  of  L.  campanu- 
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latum  agree,  except  in  being  rather  smaller,  while  those  of  L. 
monogynum  (fig.  227)  and  L.  Leoni  are  very  much  larger. 
Those  of  the  latter  are  entire  or  incHned  to  be  slightly  emargi- 
nate,  fleshy,  and  indistinctly  trinerved. 

Linum  perenne,  L. 

Hijpocotyl  erect,  terete,  glabrous,  white  below  ground  and  pur- 
plish-brown above  it,  1-6  cm.  long. 

Cotyledons  oval,  obtuse,  entire,  tapering 
to  a  very  short  petiole,  glabrous,  deep  green, 
often  stained  brown,  about  5-25  mm.  long 
including  the  petiole,  3-25  mm.  wide. 

Stem  herbaceous,  erect,  terete,  glabrous, 
minutely  scabrous,  pale  green  or  brownish ; 
internodes  very  short,  1st  and  2nd  unde- 
veloped ;  3rd  4  mm.  long  ;  4th  1  mm.  long ; 
5th  -75  mm.  ;  6th,  7th,  &c.,  1  mm.  long. 

Leaves  simple,  entire,  radical  and  cauline, 
alternate,  exstipulate,  sessile,  or  slightly 
narrowed  to  the  base,  deep  glaucous  green, 
glabrous,  subfleshy,  one-,  ultimately  three- 
nerved,  minutely  scabrous  at  the  margin, 
convex  on  the  back,  shghtly  concave  above  by 
reason  of  the  upturned  margins. 

Nos.  1  and  2.  Decussating  with  and  close 
to  the  cotyledons,  appearing  opposite,  linear- 
oblong,  obtuse,  or  subacute. 

Nos.  3-20.  Linear-oblong,  obtuse,  alter- 
nate, separated  by  short  internodes,  minutely 
scabrous  beneath,  one-nerved. 

Ultimate  leaves  on  barren  shoots  linear, 
obtuse,  generally  minutely  cuspidate,  one- 
or  obscurely  three-nerved,  subfleshy ;  on  flowering  shoots  linear 
acute,  rather  elongated,  trinerved. 

Linum  monogynum,  Forst.  (fig.  227). 
stag^f  "''"^''''"^ ^"""^  "^branched  in  its  early 

Hypocotylas  in  L.  perenne,  about  2  cm.  long,  1  mm.  thick,  firm 
Cotyledons  subsessile,  1-5  cm.  long,  about  1  cm.  broad,  rotund* 
obo^^te,  trinerved,  entire,  glabrous,  thin,  light  greyish-^reen 
Srdtcm      thehypocotyl ;  1st  internode  1  mm. 2nd  undeveloped  ; 


Fig.  227. 
Linum  monogynum. 
Nat.  size. 
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Leaves  very  similar  to  those  of  L.  perenne.  sometimes  opposite  (as 
in  the  first  two  to  three  pairs),  tapering  to  the  base  m  the  seedhng 
stage.ultimatelymore  strictly  sessile,  generally  one-nerved,  pale  green. 

Nos  1  and  2.  Only  1  mm.  above  the  cotyledons,  subsessile, 
7-5  mm  long  3  mm.  broad,  oblanceolate,  subacute  at  the  apex, 
entire,  with  distinct  midrib,  glabrous,  thin,  hght  greyish-green. 

Nos.  3  and  4.  Similar. 

Linum  campanulatum,  L. 

EypoGotyl  mostly  subterranean,  tapering  indistinguishably  into 

the  root.  .  .  ,  ,  . 

Cotyledons  obovate,  otherwise  as  m  L.  monogynum,  petiolate  , 
lamina'  T5  mm.  long,  5  mm.  broad;  petiole  flattened  or  slightly 
grooved  above,  convex  on  the  back  and  subscabrous,  3-5  mm.  long. 

Stem  herbaceous,  erect,  terete,  glabrous,  brown  ;  1st  mternode 
1-7  cm  long  ;  2nd  3  mm. ;  above  this  1  mm.  each  or  crowded. 

Leaves  tapering  to  the  base,  trinerved  from  base  almost  to  apex, 
obscurely  alternately  penninerved  above  the  middle,  opaque,  deep 
glaucous-green  on  both  surfaces,  crowded,  ascendmg.  _ 

Nos.  1  and  2.  Small,  opposite,  spathulate,  obtuse,  apiculate. 

All  above  this  obovate,  obtuse,  apiculate,  crowded. 


HUMIRIACE.E. 

Benth.  et  Hook.  Gen.  PI.  i.  246. 

The  five-,  rarely  six-  to  seven-celled  ovary  contains  a  soli- 
tary, pendulous,  anatropous  ovule  in  each  cell,  or  two,  rarely 
three  in  Yantanea,  while  Humiria  has  sometimes  two  super- 
posed ovules.    The  raphe  is  ventral.    The  fruit  is  drupaceous 
with  a  bony  endocarp,  one-  to  three-celled  and  -seeded  by 
abortion,  and  indehiscent.    Where  two  seeds  occur  m  a  loculus 
of  Humiria  they  are  separated  from  one  another  by  a  spurious 
transverse  septum.    The  seeds  are  oblong,  with  a  membranous 
testa,  and  contain  a  copious,  fieshy  endosperm. 

The  embryo  is  straight  in  the  axis  of  the  endosperm,  and 
has  short,  blunt  cotyledons  and  generally  an  elongated, 

superior  radicle.  ,1 
The  Order  contains  about  twenty  species  of  large  or  small 
trees,  with  alternate,  entire  or  crenulate,  exstipulate  leaves. 


MALriGIIIAOE/E 


291 


MALPIGHIACEiE. 

Benth.  et  Hook.  Gen.  PL  i.  247. 

Fruit  and  Seed. — The  ovary  is  superior,  generally  consistiDg 
of  three  carpels,  rarely  two  or  four,  more  or  less  connate  into  a 
three-celled  ovary,  or  apocarpous,  with  one  ovule  in  each  cell  ; 
the  ovule  is  almost  orthotropous  or  semianatropous  in  Hiptage 
Madablota,  ascending  from  a  broad  pendulous  funicle,  and 
straight  or  curved ;  the  raphe  is  on  the  ventral  aspect,  and  the 
micropyle  is  superior.    The  mature  carpels  are  three  in  num- 
ber or  fewer,  one-seeded  and  coherent  into  a  fleshy  or  woody 
drupe,  distinct  and  separating  into  usually  winged  samaras, 
rarely  two-valved.    The  seed  is  obHquely  suspended  from  the 
mner  angle  of  each  cell,  and  is  exalbumuious.    The  seed-coat 
is  double,  both  coats  being  as  a  rule  membranous.  The  embryo 
varies  in  being  straight,  curved,  or  hooked,  very  rarely  cir- 
culate ;  and  the  cotyledons  are  flat,  or  fleshy  and  thick,  filKng 
the  seed,  and  often  unequal.  The  radicle  is  short,  superior,  and 
the  plumule  is  but  Httle  developed. 

The  seeds  may  be  roughly  classified  into  six  groups  ac- 
cording to  the  form  of  the  embryo,  which  is  exceedingly 
variable.    Those  characteristics  however  by  which  the  groups 
are  distinguished  are  not  constant,  while  in  many  cases  two  or 
three  of  them  apply  to  one  genus,  or  to  different  species  of  a 
genus,  so  that  the  groups  frequently  overlap  one  another.  The 
embryo  is  straight  m  Bunchosia,  Aspidopterys,  Jubelina,  and 
some  species  of  Malpighia.  More  often  however  the  cotyledons 
are  more  or  less  curved,  as  in  Lasiocarpus,  Verrucularia, 
Acndocarpus,   Eyssopterys,  Peixotoa,  Aspicarpa,  Camarea, 
J  anusia,  Schwannia,  and  in  some  species  of  Hiptage,  while  in 
Bamstena  they  may  be  straight,  incurved,  or  inflexed.  This 
torms  a  transition  to  the  next  group,  in  which  the  cotyledons  are 
inflexed  or  uncmate  about  the  middle  or  towards  the  apex 
bomeof  the  species  of  Malpighia,  Tristellateia,  and  Tetrapterys 
also  have  their  cotyledons  inflexed  at  the  apex.    The  species 
generally  of  Diacidia,  Clonodia,   Lophanthera,  Ptilochc-eta 
inaspis,  iL-iopterys,  Hir^a,  and  Diplopterys  have  the  cotyle- 

c  2 
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dons  inflexed ;  while  those  of  Janusia  are  fleshy  and  curved, 
but  are  Bomewhat  exceptional  in  having  the  inner  one  uncinate 
thf,  tin  A  fourth  type  has  the  cotyledons  cncmate,  those 
0  Byrsonima  and  Dinemandra  being  linear  and  semiterete. 
Pterandra  is  very  exceptional  in  the  Order  m  having  the  seed- 
leaves  flattened  and  convolute,  while  the  inner  one  is  longer  and 
rolled  up  in  a  spiral  of  many  coils.  _ 

The  seeds  are  often  large,  and  as  they  contain  no  endosperm, 
the  embryos  in  numerous  cases  are  thick  and  fleshy.  The 
avncBcium  in  Hiptage  Madablota  consists  of  three  carpels,  and 
?b'  hTee-celled.  with  one  ovule  in  each  ceU.    The  ovule  is  cam- 
pylotropous  or  semi-anatropous,  suspended  from  the  middle  by 
a  broad  obliquely  attached  funicle.    The  fruit  is  samaroid  with 
three  strong  wings  diverging  from  its  upper  edges,  and  when  . 
mature  splits  into  three  pieces.    The  seed  is  transversely  and 
Toadly  oblong-reniform,  large,  and  conforming  to  the  seed- 
Tvity  of  the  samara.    The  embryo  is  large  slightly  curved, 
hick  fleshy,  pale  yellow  or  white,  and  the  cotyledons  are  un- 
eq  al,  plano:convex,  with  the  smaller  one  uppermost,  lymg  m 
be  sikus  of  the  curve ;  both  lie  in  the  nariw  plane  of  th 
seed  with  their  edges  to  the  ventral  suture  of  the  carpeL  The 
Tadi  ll  is  superior,  and  so  short  as  to  be  hardly  noticeable, 
u  t   ervlng  to  unite  the  cotyledons.    Other  genera  agreemg 
wTth  Hiptage  in  having  fleshy  seed-leaves  are  Acmanthera 
Icridocarpus,  Brachypterys,  Stigmaphyllon,  Tetrapterys,  and 

^''Hiptage  Madablota  may  be  again  referred  to  as  a  type 
havL  unequal  cotyledons.  Others  agi-eeing  wath  it  m 
thTLnect  are  Burdachia,  Dicella,  ThryaUis,  Galphimia. 
H^^^e^^^^^^^^^^^  Tetrapterys,   and  Pteran^-a 

?Sqnal  ty  is  sometimes  carried  so  far  tha  one  of  the 
lotvlelnrbecomes  quite  minute,  as  m  Hir^a.  The  embryo 
BracC^i^^  appeais  undivided,  but  one  cot34edon  becomes 
1  rJl  Ld  the  other  thick,  and  hooked  at  the  apex.  Ac- 
:  rt^otrifeLch^  this  is  what  takes  place  in  Glandonia. 
corcmig  .  .  i^^„ie  species  from  northern  Biazii. 

lofX;::':ZUh-tios>\he  cotyleao„s  have  .eccne 


.  Griseb.  in  Mart.  Fl.  Bras.  Malpigh.  p.  '23. 
-  Gc?i.  Plant,  i.  252. 
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amalgamated  or  conferruminate.  These  three  cases  may  be 
considered  exceptional  in  the  Order  or  abnormal,  and  the 
gradual  outcome  of  the  curved  or  twisted  condition  of  the  ovary, 
which  is  neither  strictly  anatropous  nor  orthotropous,  but 
partly  both.  The  outer  cotyledon  becomes  the  larger,  and 
folded  round  the  inner  one  to  a  greater  or  less  extent,  and  the 
latter  therefore  becomes  gradually  smaller  and  finally  more  or 
less  aborted,  as  in  Abronia  belonging  to  the  Nyctaginese.  Other 
curious  cases  occur  in  several  species  of  Banisteria,Heteropterys, 
and  Stigmaphyllon. 

The  seeds  of  Stigmaphyllon  are  also  remarkable  in  con- 
taining two  or  three  embryos. 

Hiptage  Madablota,  Gaertn. 

Fruit  separating  when  mature  into  three  samaras,  each  one- 
celled,  one-seeded,  and  furnished  at  the  upper  edges  with  three 
strong  diverging  wings  and  an  apical  much  smaller  one ;  walls  of 
ovary  dry,  coriaceous  to  woody,  and  tough. 

Seed  transversely  and  broadly  oblong-reniform,  comparatively 
large,  conforming  to  the  interior  of  the  samara,  suspended  at  or 
near  its  centre  by  a  broad  funicle,  which  arises  from  the  ventral 
side  of  the  samara,  below  the  middle  of  the  cell,  and  is  obliquely 
and  sHghtly  attached  to  the  testa  ;  raphe  short,  broad  at  the  upper 
edge  of  the  ventral  aspect  of  the  seed ;  micropyle  superior,  con- 
tiguous to  the  hilum ;  chalaza  on  the  opposite  side  of  the  hilum 
from  the  micropyle  ;  testa  and  tegmen  both  thin  and  membranous, 
pale  brown.  ' 

Endosperm  absent. 
,  Embryo  large  and  conforming  to  the  interior  of  the  seed,  which 
it  closely  fiUs,  slightly  curved,  fleshy,  pale  yellowish  or  white  ;  coty- 
ledons unequal,  curved,  plano-convex,  fleshy,  filhng  the  seed,  obtuse, 
entire,  with  the  smaUer  one  uppermost  and  in  the  inner  angle  of 
the  curve,  both  lying  in  the  narrower  plane  of  the  seed,  which  is 
deeper  than  wide,  so  that  both  the  cotyledons  go  to  make  up  the 
depth  of  the  seed,  and  have  their  edges  to  the  ventral  suture  of  the 
carpel ;  radicle  extremely  short,  superior,  hardly  prominent. 
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ZYGOPHYLLEyE. 

Benth.  et  Hook.  Gen.  PI.  i.  2G2. 

Fruit  and  Seed.— The  ovary  of  the  ZygophylleaG  is  four-  or 
five-,  rarely  two-  to  twelve-celled,  and  the  ovules  vary  from  two  to 
many  in  each  cell.  They  are  pendulous  and  anatropous  or 
sometimes  ascending  with  a  ventral  raphe,  have  a  superior 
micropyle,  and  are  often  filiform.  A  remarkable  exception 
occurs  in  a  few  species  of  Tribulus,  where  the  carpels  opposite 
the  petals  are  transversely  three-  to  five-locellate,  both  in  the 
young  and  the  mature  state,  so  that  the  seeds  lie  in  an  ascending 
direction  one  above  the  other  with  partitions  between  them. 

The  fruit  is  very  variable  in  the  Order,  coriaceous  or 
crustaceous,  dividing  into  dehiscent  or  indehiscent  cocci,  which 
are  connate,  or  separate  from  the  placental  axis ;  at  other  times 
it  is  a  capsule  dehiscing  loculicidally,  and  in  a  few  the  endocarp 
is  horny.  The  fruit  of  Nitraria  is  drupaceous  when  mature, 
one-celled  and  one-seeded  although  two-  to  six-celled  in  the 
young  state.  The  seeds  are  pendulous,  and  solitary  m  most 
cases  oblong  or  linear,  with  a  membranous,  crustaceous,  or 
thick' and  sUmy  testa.  They  contain  a  thin  layer  of  endosperm, 
often  fleshy  or  horny,  and  are  rarely  esalbummous. 

The  embryo  is  straight  or  nearly  so,  green,  and  equallmg 
the  endosperm  in  length.  The  cotyledons  are  foUaceous  and 
oblong  or  linear,  the  radicle  rather  short. 


GERANIACE/E. 

Benth.  et  Hook.  Gen.  PI.  i.  2G9. 


Fndt  and  Seed.-The  gynoecium  of  the  Geraniacere  is 
superior  and  syncarpous,  consisting  of  three  to  five,  rarely  two 
carpels  The  ovary  is  three-  to  five-lobed,  three-  to  five-celled, 
and  in  the  tribes  Geranieffi  and  Pelargoniere  the  carpels  are  in 
most  cases  prolonged  above  into  a  long  beak,  attached  to  the 
central  axis,  which  is  also  greatlyprolongcd  between  and  beyond 
the  seed-bearing  portion  :  in  the  other  tribes  the  beak  is  usually 
absent    The  ovules  are  geminate  and  contiguously  superposea, 
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or  solitary  and  pendulous,  "with  the  micropyle  superior  and  the 
raphe  ventral,  or  transverse  with  the  raphe  lateral.  Where  the 
thalamus  is  flat,  as  in  Limnanthes,  the  ovule  is  solitary  and 
ascending  with  the  micropyle  inferior.  The  ovules  vary  from 
two  to  many  in  the  tribes  Wendtieas  and  Oxalidese,  are  hori- 
zontal or  pendulous,  and  arranged  in  a  single  or  double  series 
along  the  placenta.  The  fruit  is  a  schizocarp  in  many  cases, 
three-  to  five-lobed,  and  breaking  away  from  the  axis  in  as 
'  many  one-seeded  pieces,  the  beak  of  which  becomes  revolute 
carrying  the  seed  upwards  with  it.  In  other  cases,  such  as  that 
of  Limnanthese  and  Tropseolum,  the  fruit  breaks  up  into  three 
to  five  indehiscent,  hardened  cocci.  The  two-  to  many-seeded 
fruits  are  capsular,  dehiscing  locuHcidally  with  persistent 
valves,  as  in  OxaHs,  or  the  valves  break  away  with  elasticity 
from  the  placentas,  as  in  Impatiens.  In  a  few  cases  the  fruit 
is  baccate,  many-seeded,  and  indehiscent,  as  in  Averrhoa. 

The  seeds  are  pendulous,  horizontal,  or  ascending,  the 
first  and  last  being  characteristic  of  one-  or  few-seeded  fruits. 
The  testa  is  thin,  rarely  somewhat  crustaceous.  Endosperm 
is  absent  or  rarely  present  in  some  quantity  and  fleshy.  The 
embryo  is  curved  or  straight,  often  green,  and  the  cotyledons 
are  foliaceous  and  variously  convolute  longitudinally  or  twisted, 
flat,  plaited,  or  plano-convex,  or  they  are  thick  and  fleshy  as 
in  Tropffiolum.  The  radicle  is  short  in  straight  embryos,  and 
pointing  to  thehilum,  or,  as  in  the  Geranies  and  Pelargonies, 
is  long  and  incumbent  upon  the  back  of  the  cotyledon  next  to 
the  raphe,  and,  togethpr  with  the  tips  of  the  cotyledons,  points 
to  the  base  of  the  fruit.  The  whole  Order  may  be  roughly 
divided  into  five  groups  according  to  the  form  of  the  embryo 
and  the  presence  or  absence  of  endosperm.  On  the  amount 
of  the  latter  present  in  the  seed  depends  to  a  large  extent  the 
size,  form,  and  modification  of  the  embryo.  The  larger  the 
quantity  present,  the  smaller  and  simpler  the  embryo.  The 
groups  may  be  characterised  as  follows:— (1)  endosperm 
present,  embryo  straight;  (2)  endosperm  present,  embryo 
curved  ;  (3)  endosperm  present,  cotyledons  plicate  ;  (4)  endo- 
sperm absent,  embryo  fleshy,  straight ;  (5)  endosperm  absent 
or  rarely  present  in  small  quantity,  cotyledons  convolute 
or  mduplicate-plicatc.    These  characters  do  not  in  all  cases 
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indicate  the  genera  which  are  regarded  as  most  closely  allied, 
but  they  are  ah  well  marked  in  the  seeds,  and  the  members 
of  different  tribes  do  not  much  overlap  one  another. 

To  the  first  group  belong  Ehynchotheca,  Oxalis,  Averrhoa, 
and  perhaps  Dapania.    The  seed  of  Ehynchotheca  contains  a 
small  quantity  of  endosperm,  a  straight  embryo,  flat  cotyle- 
dons, and  belongs  to  the  tribe  Wendtiea3 ;  Wendtia  itself  does 
not  seem  to  have  been  described,  and  I  have  had  no  opportunity 
of  examining  it.    The  others  belong  to  the  tribe  OxalidesG. 
Oxalis  has  a  capsular,  loculicidally  dehiscent,  five-celled  fruit 
with  one  or  many  seeds  in  each  ceh.    The  outer  integument 
of  the  seed  is  fleshy  and  breaks  away  elastically  in  the  form  of 
an  aril,  while  the  testa  is  crustaceous.    The  endosperm  is 
fleshy,  and  the  small  embryo  straight  with  broadly  ovate  coty- 
ledons.    The  fruit  of  Averrhoa  is  baccate  and  indehiscent, 
containing  numerous  naked  or  arillate  seeds,  with  a  small 
quantity  of  fleshy  endosperm,  and  a  straight  embryo.  The 
fruit  of  Dapania  is  fleshy  and  five-lobed,  and  the  seed  it  con- 
tains is  covered  by  a  lacerated,  somewhat  two-lipped  aril,  and 
has  a  fleshy  endosperm.     The  embryo  is  shghtly  curved, 
leading  to  the  next  group  ;  and  the  oval  cotyledons  are  cordate 
at  the  base. 

2.  The  curved  embryo  is  represented  by  Biebersteinia  and 
Yiviania,  belonging  to  distinct  tribes  (Geraniese  and  ViviaueaB 
respectively).  The  seed  of  the  former  is  curved  and  contams 
a  thin,  fleshy,  somewhat  one-sided  layer  of  endosperm.  The 
arched  or  bent  embryo  has  rather  thickened  cotyledons,  a 
scarcely  shorter,  superior  radicle,  and  conforms  in  outline  to 
that  of  the  seed.  Yiviania  has  closely  superposed  gemmate 
ovules  in  each  cell,  and  when  both  mature  mto  seeds,  the^  one 
is  ascending  and  the  other  descending,  and  they  contain  a 
fleshy  endosperm.  The  embryo  is  narrow,  linear,  and  strongly 
curved  or  circinate. 

3.  The  third  type,  represented  by  Balbisia,  also  contams  a 
thin  fleshy  layer  of  endosperm  in  its  seeds,  which  are  small, 
many-angled  by  mutual  compression,  and  arranged  m  a  double 
series.  Its  chief  distinction  consists  in  the  cotyledons  being 
phcate  and  in  the  radicle  being  laid  over  the  back  of  them  oi 
enclosed  in  their  folds. 
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4.  Endosperm  is  wanting  and  the  embryo  straight  and 
fleshy  in  Tropteohim,  Limnanthes,  Floerkea,  Impatiens,  and 
Hydrocera,  belonging  to  three  different  tribes,  which  some 
authors  consider  distinct  Orders.  The  ovary  of  Tropseolum  is 
trilobed,  three-celled,  and  contains  a  single  pendulous  ovule 
in  each  cell,  with  a  superior  micropyle.  The  fruit  is  at  first 
iieshy,  but  when  mature  becomes  a  schizocarp,  breaking  up 
into  three  indehiscent  cocci,  which  fall  away  from  the  short 
persistent  axis,  and  have  hardened,  rugose  walls,  ultimately 
becoming  dry  and  cortical.  The  seed  is  exalbuminous,  and 
the  straight  embryo  consists  of  two  thick  and  fleshy  closely 
applied  or  almost  conferruminate  cotyledons,  which,  together 
with  the  extremely  short  radicle,  completely  fill  the  cavity  of 
the  seed,  which  again  fills  the  carpel. 

When  the  embryo  is  still  very  young,  the  cotyledons  are 
oval  or  transversely  oblong,  entire,  deep  green,  and  diverging 
widely.    Later  on  they  become  broadly  cordate,  and  deeply 
concave  on  the  inner  faces.  At  a  further  stage  they  become 
fleshy,  and  form  more  or  less  completely  a  sphere,  while  the 
notch  at  the  base  becomes  deeper  until  distinct  auricles  are 
produced.    Finally  they  become  closely  apphed  to  one  another 
but  separable,  while  the  basal  auricles  become  quite  close, 
embedding  the  radicle,  and  leaving  only  its  extreme  tip  exposed. 
At  the  same  time  they  lose  their  green  colour,  and,  being 
globose,  completely  fill  the  seed.    The  fruit,  seed,  and  embryo 
of  Floerkea  conform  very  closely  in  structure  to  those  of  Tro- 
paeolum,  while  Limnanthes  differs  in  having  five  carpels.  The 
fruit  of  neither  is  fleshy,  and  the  receptacle  or  thalamus  is 
nearly  flat,  while  the  carpels  are  beakless.  The  cotyledons  are 
thick,  fleshy,  and  cordate  at  the  base,  enclosing  the  very  short 
radicle.    The  fruit  of  Impatiens  is  a  five-celled  capsule,  the 
valves  of  which  on  maturity  spring  elastically  from  the  pla- 
centas, from  the  base  upwards,  and  roll  backwards  or  down- 
wards from  the  top  inwards.  The  seeds  of  I.  parviflora  (fig.  233) 
are  pendulous,  anatropous,  obovoid,  and  marked  longitudinally 
with  lines  of  minute  protuberances.    The  chalaza  is  apical, 
forming  a  small  thickened  knob  externally  to  the  testa,  which 
is  here  shghtly  indented.    The  embryo  is  straight,  and  the 
cotyledons  obovate-oblong,  fleshy,  plano-convex,  subcordate  at 
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the  base,  partly  surrounding  the  radicle,  and  minutely  emar- 
ginate,  apparently  owing  to  the  indentation  of  the  testa  at  the 
thickened  chalaza.  In  I.  chinensis  there  is  sometimes  a  slight 
depression  at  the  chalaza,  which  occasionally  is  quite  marked. 
The  seeds  of  I.  Eoylei  are  pyriform  with  a  small  depression  at 
the  broad  apical  end,  and  rough  with  small  points.  The 
embryo  is  similar  to  that  of  I.  parviflora,  and  the  cotyledons 
are  broadly  obovate  with  the  apical  notch  well  marked. 

5.  The  fifth  group,  in  which  endosperm  is  absent,  and 
the  cotyledons  convolute  or  induphcate-phcate,  is  represented 
by  Geranium,  Erodium,  Monsonia,  and  Sarcocaulon,  of  the 
tribe  Geranieas,  and  Pelargonium  of  the  Pelargoniese.  The 
various  species  of  Geranium  have  the  most  comphcated  embryo 
of  the  three  better  known  genera,  and  constitute  the  best  type 
of  the  group.    The  ovary  consists  of  five  carpels,  is  deeply 
five-lobed,  five-celled,  and'ten-ovuled.    The  axis  is  greatly  pro- 
longed between  the  carpels,  and  each  of  the  latter  is  produced 
into  a  long  beak  attached  to  the  axis,  except  near^  the  top 
where  they  separate  mto  five  branches,  which  are  stigmatose 
along  their  inner  face.    The  gemmate  ovules  are  shghtly 
superposed,  incurved,  and  semianatropous.    The  hUum  is 
ventral,  and  above  the  middle  of  the  seed,  and  the  micropyle 
is  on  the  upper  side  of  this.    One  of  the  two  ovules  only 
becomes  fertilised,  and  in  a  number  of  specimens  exammed  it 
has  always  been  the  upper  one.    The  seed  is  oblong  or  sub- 
cylindrical,  finely  tuberculated,  about  equally  thick  at  both 
ends,  and  fixed  to  the  placenta  a  little  above  its  middle.  The 
chalaza  is  at  the  lower  end  close  to  the  base  of  the  carpel. 
Endosperm  is  absent,  and  the  curved  embryo,  which  is  green, 
at  least  while  fresh,  occupies  the  whole  of  the  seed. 

Taking  G.  Wallichianum  as  a  type,  we  find  that  tlie 
radicle  is  the  only  part  that  is  curved ;  and  assummg  that 
the  embryo  starts  from  near  the  micropyle  above  the  middle 
of  the  seed,  then  it  would  grow  until  it  reached  the  upper 
end,  when  the  apex  curves  downwards  until  it  reaches  the 
base,  and  here  we  always  find  the  apex  of  the  cotyledons 
pointing  to  the  base  of  the  carpels  or  ovary.  There  sliu 
being  room  for  the  cotyledons  to  develop  laterally,  they  com- 
mence to  coil  longitudinally  round  the  sides  of  the  seed  m  the 
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direction  of  the  snn  when  the  seed  is  held  in  its  natural 
position. 

The  result  is  that  one  longitudinal  half  of  each  cotyledon 
grows  faster  than  the  other,  and  grows  over,  enclosing  the 
smaller  half  of  the  other,  so  that  when  the  embryo  is  fully 
grown,  a  transverse  section  shows  each  of  the  cotyledons 
coiled  in  the  shape  of  the  letter  s?  but  the  small  coil  of  each 
is  inserted  in  the  large  coil  of  the  other,  thus — 


The  coils  are,  however,  closely  drawn  together  so  as  to  fill  the 
seed  compactly,  and  the  radicle  is  incumbent  on  the  back  of 
the  cotyledons,  but  on  the  ventral  face  of  the  seed  ;  there  is  a 
small  notch  or  cavity  in  the  centre  of  the  bundle  or  coil  at  its 
lower  end  into  which  the  rather  prominent  chalaza  fits. 
"When  flattened  out  the  cotyledons  are  transversely  oblong 
or  reniform,  slightly  sinuate  at  the  apex,  with  the  midrib 
excurrent,  forming  a  small  tooth,  and  five  nerves  radiating 
from  the  base  of  the  lamma  and  becoming  slightly  incurved. 
The  base  is  deeply  cordate,  and  the  deep  green  radicle  on 
the  ventral  aspect  points  towards  the  base  of  the  ovary. 
The  two  halves  of  the  cotyledons  are  unequal,  the  smaller 
one  occupying  the  interior  of  the  coil.  The  cotyledons  are 
even  already  petiolate,  and  examination  shows  that  this  is 
necessary  in  order  to  allow  of  their  becoming  convolute.  The 
inner  or  upper  faces  of  the  cotyledons  are  always  applied  to 
one  another,  but  the  coils  or  smaller  enfolded  half  of  each 
prevents  the  two  midribs  from  coming  in  contact  as.  they 
would  do  if  the  cotyledons  were  flat.  Hence  the  necessity 
for  petioles  while  yet  in  the  seed.  Other  species  agreeing 
with  G.  Wallichianum  in  the  form  of  the  embryo  are  G. 
pratense,  G.  sylvaticum,  G.  sanguineum,  and  G.  bohemicum. 
It  is  more  than  probable  that  none  of  the  species  differ  very 
widely  from  the  type.  There  seems  to  be,  however,  a  varia- 
tion in  the  insertion  of  the  ovule,  for  whereas  G.  Wallichianum 
has  the  hilum  on  the  ventral  lace  a  little  above  the  middle* 
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according  to  a  figure  of  Le  Maout  and  Decaisne '  a  species  of 
Geranium  has  the  hikxm  close  to  the  base.  G.  Endresii  has 
the  ovule  attached  as  near  as  possible  at  the  middle,  and  the 
radicle  is  of  moderate  length.  In  G.  WalHchianum,  the  ovule 
being  attached  above  the  middle  and  campylotropous,  the 
radicle  is  very  short.  In  Le  Maout  and  Decaisne's  figure 
above-mentioned  the  ovule  is  practically  erect  and  anatropous, 
while  the  radicle  elongates  until  it  almost  equals  the  cotyle- 
dons in  length. 

In  Erodium  there  is  the  same  variation  in  the  attachment 
of  the  seed.    It  is  pendulous  and  attached  above  the  middle 
in  E.  trichomanefolium,  which  is  half  anatropous,  with  the 
radicle  and  the  apex  of  the  cotyledons  uppermost,  while  that 
of  E.  Manescavi  is  attached  almost  by  the  base,  while  the 
radicle  is  greatly  elongated  and  reaches  to  the  hilum,  the  seed 
being  erect  and  almost  anatropous  with  the  micropyle  inferior. 
The  seed  of  E.  Manescavi  tapers  downwards,  whereas  that  of 
E.  trichomanefolium  tapers  upwards.    The  wider  end  always 
includes  the  radicle,  which  in  this  genus  is  greatly  thickened. 
There  is  a  corresponding  reduction  in  the  width  of  the  coty- 
ledons, which  taper  somewhat  towards  the  apes  and  are  much 
less  perfectly  convolute  than  in  Geranium.  In  E.  trichomane- 
folium the  two  cotyledons  are  folded  separately  with  their 
edges  towards  one  another,  or  they  shghtly  overlap  with^  the 
thick  radicle  squeezed  in  the  hollow  between  them.  While 
yet  in  the  seed  there  is  a  moderately  deep  notch  on  the  margm, 
but  below  the  middle  on  each  side  of  both  cotyledons,  or  the 
longer  side  only  may  be  so  notched. 

The  cotyledons  are  petiolate  while  yet  in  the  seed  for  the 
same  reason  as  in  Geranium.  In  Erodium  Manescavi  one 
cotyledon  folds  over  and  almost  completely  encloses  the  other, 
which  is  accordingly  somewhat  smaller,  while  the  much 
thickened  radicle  is  flattened  against  the  back  of  the  outer 
and  larger  one.  The  embryo  of  E.  gruinum  is  nearly  as  con- 
voluted as  that  of  Geranium  ;  but  both  cotyledons  are  some- 
what foreshortened  on  the  edges  next  the  radicle,  which  is 
thick,  fleshy,  subtrigonous,  and  occupies  a  considerable 
amount  of  space. 

'  Le  Maout  and  Decaisne,  Eng.  edit.  1876,  pp.  306-7. 
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The  ovule  and  seed  correspond  to  those  of  E.  Manescavi. 
The  cotyledons  of  B.  moschatum  are  convolute,  plicate,  and 
pinnatifidly  lobed,'  The  ovules  of  Pelargonium  australe  are 
geminate  in  each  cell,  suspended  from  the  inner  angle  and 
anatropous,  with  the  micropyle  considerably  above  the  middle 
on  the  ventral  face.  The  seed  is  broader  at  the  end  farthest 
from  the  hilum  as  in  the  case  of  Erodium,  a  circumstance 
due  to  the  radicle  being  thickest  at  that  point  and  to  the  fact 
that  the  cotyledons  taper  to  the  apex  like  those  of  Erodium. 
The  cotyledons  are  convolute  longitudinally  with  one  folded 
over  the  other.  Both  are  shaped  like  the  letter  L  at  the 
apex,  but  only  the  outer  one  towards  the  base,  the  inner  being 
hooked  or  crumpled  inside  the  angle  of  the  outer.  They  taper 
to  the  apex,  which  is  minutely  emarginate  beneath  the  thick- 
ened portion  of  the  chalaza  ;  the  margin  is  crenate,  and  they 
are  shortly  petiolate  for  the  same  reason  as  Pelargonium 
and  Erodium.  The  radicle  is  incumbent  on  the  cotyledons 
on  the  ventral  aspect,  where  the  testa  is  bulged  out  to  accom- 
modate it,  the  inflated  portion  tapering  to  a  point  above  the 
middle. 

Cotyledons.— About  half  a  dozen  distinct  types  of  cotyledons 
may  be  noted,  and  modifications  are  frequent  in  that  repre- 
sented by  Erodium  and  Pelargonium.  The  simplest  are  those 
occurring  in  exalbuminous  seeds,  and  especially  where  the 
embryo  is  straight  and  has  its  cotyledons  simply  thickened  so 
as  to  fill  the  seed.  The  least  complex  of  the  types  observed 
is  represented  by  OxaHs  corniculata  (fig.  232).  The  cotyle- 
dons are  small,  oblong-ovate,  very  obtuse,  shortly  petiolate, 
glabrous,  and  have  a  very  indistinct  venation.  Those  of  0. 
sensitiva  are  sessile,  and  slightly  pubescent  at  the  margin,  but 
otherwise  similar  to  the  above.  Some  species  have  broadly 
oblong,  shghtly  emarginate,  trinerved,  petiolate  cotyledons, 
dependent  probably  on  the  robustness  of  their  growth  and  the 
enlargement  of  all  parts. 

The  seeds  of  Impatiens  all  seem  to  be  modelled  upon  the 
same  plan;  they  are  pendulous  and  anatropous,  with  the 
radicle  superior  and  the  cotyledons  always  occupying  the 
lower  broader  end  of  the  seed.    Hence  the  cotyledons  vary 

'  Gaertner,  Dc  Fructibus  ct  Seminibus,  i.  383,  and  t.  79,  lig.  5. 
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in  breadth  and  the  shape  of  their  apex  according  to  the  c 
sponding  variations  of  the  seed.    The  general  outhne 
obovate  or  roundly  obovate  and  emarginate,  tapering  gradu- 
ally or  suddenly  into  the  moderately  long  petiole.    Those  of 
I  fruticosa  (fig.  235)  are  broadly,  almost  roundly,  obovate,  gla- 
brous with  hairy  petioles,  cihate  at  the  margin,  and  obscurely 
trinerved  with  the  lateral  nerves  incurved  so  as  to  jom  the 
middle  one  in  the  notch.    This  notch,  as  has  already  been 
observed,  is  due,  at  least  partly,  to  the  thickemng  of  the 
chalaza  and  the  indentation  of  the  testa  at  that  part.  There 
can  be  little  doubt,  however,  that  it  deepens  by  a  subsequent 
more  rapid  development  of  the  parts  on  each  side  of  the  apex, 
where  the  three  prmcipal  nerves  end  in  the  water-gland.  A 
small  or  minute  tooth  is  also  observable  in  the  notch.  The 
cotyledons  of  I.  Balsamina  (fig.  234)  are  also  obovate,  with  a 
tendency  to  be  broadly  ovate  or  oval,  emargmate,  slightly 
narrowed  towards  the  apex  at  times,  more  or  less  cuneate  at 
the  base,  and  glabrous.  They  are  three-  or  faintly  five-nerved. 
Five  slender  or  indistinct  nerves  also  occur  m  a  species  with 
lilac  flowers,  and  the  lateral  ones  join  the  midrib  m  the  rather 
prominent  notch.     The  lamina  is   obovate-orbicular  and 
appears  sessile  from  the  fact  that  the  petioles  are  erect  and 
closely  applied  to  the  stem  throughout  then'  length.  _  The 
Potvledons  of  I.  tenella  are  very  broadly  obovate,  emargmate, 
and  trinerved,  while  those  of  L  tricornis  appear  to  be  some- 
what anomalous  in  being  obliquely  emarginate  or  shallow  y 
Id  obtusely  trilobed  at  the  apex  and  mdistmctly  one-  to 

*''°"rthh-d  and  somewhat  more  complicated  type  occurs  in 
T  n^nninthes  Douglasii  (fig.  230),  which  evidently  bears  cou- 
ple affinity  with  Trop^olum,  the  type  of  the  next  group. 
Tt  cofyledonB  are  roundly  cordate,  nearly  always  mmutely 
emar'h'ate,  and  marked  at  the  apex  with  a  small  black  scar, 
tCed  w^h  white,  rather  succulent,  glabrous,  com^x  above. 

iTstrht  d  with  numerous  broad,  shallow,  ridge-hke  vems 
and  striated  ^  ^^^^  ^^^^.^^^^  ^^.^ 

™  eeply ^^^^^^^^^  ^^^^^  °^  T^'IT' 

a"^^^^^^      base,  sheathing  the  plumule    The  hypocot.a  is 

stout  and  subterranean,  so  that  here  agam  there  is  a  necessity 
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for  petioles,  which  when  full  grown  are  about  1*2  cm.  long. 
Geranium  Wallichianum  (fig,  228),  G.  polyanthus  and  Pelar- 
gonium australe  (fig.  229)  afford  other  good  instances  in  this 
Order,  and  Delphinium  elatum,  already  mentioned  in  Eanuncu- 
lacese,  is  also  a  case  where  petioles  are  required  to  carry  up 
the  laminae  of  the  cotyledons  to  the  light. 

A  fourth  type  is  represented  by  Tropseolum  majus  (fig.  231). 
Here  the  cotyledons  are  subterranean  even  after  germination, 
large,  fleshy,  filling  the  testa,  and  shortly  petiolate,  so  as  to 
facilitate  the  exit  of  the  plumule. 

The  seed  then  lies  on  one  side  of  the  seedling,  and  the 
hypocotyl  is  undeveloped  as  in  the  case  of  other  seedlings  with 
subterranean  cotyledons.  In  this  respect  T.  aduncum,  T. 
minus,  and  other  species  agree  with  the  type  just  given. 

The  fifth  type  is  represented  by  Erodium  and  Pelargonium, 
which  have  broadly  ovate-oblong  or  suborbicular  cotyledons,' 
generally  distinctly  narrowed  towards  the  apex.    This  type 
varies  exceedingly  however  indifferent  species,  from  cotyledons 
of  nearly  equal  or  symmetrical  form  to  others  that  are  strongly 
asymmetrical,  while  in  a  third  modification  they  are  lobed°or 
pinnatifid.     The  least  complicated  type  may  be  represented 
by  Pelargonium  bipinnatifidum,  which  has  broadly  oblong  or 
oval,  finely  pubescent  cotyledons,  rounded  or  faintly  emarginate 
at  the  apex,  and  cordate  at  the  base,  but  otherwise  entire,  with 
rather  long  slender  petioles,  and  a  symmetrical  lamina.  P. 
humifusum  agrees  with  the  last,  while  P.  vitifoHum  has  sub- 
orbicular  but  otherwise  similar  cotyledons.    A  more  generally 
typical  form  occurs  in  Erodium  verbenfefolium,  in  which  the 
cotyledons  are  broadly  ovate-oblong,  emarginate,  unequally 
cordate  at  the  base,  where  they  are  five-nerved,  penninerved 
upwards,  unsymmetrical,  glandular,  ciliate,  and  glandular- 
pubescent  beneath.    The  auricle  on  one  side  is  about  1  mm. 
longer  than  the  other,  a  circumstance  due  to  its  being  on  the 
outside  of  the  coil  of  the  seed,  where  it  has  more  room  to 
develop.    The  channelled  petioles  are  also  of  unequal  lenath 
in  the  proportion  of  8-75  to  5-25  mm.    E.  gruinam  and^fi' 
malacoides  have  altogether  larger  cotyledons,  more 'deeply 
emarginate  and  more  asymmetrical,  but  otherwise  similar  to 
the  last.     Lobed  cotyledons  are  represented  by  Erodium 
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tricliomanefolium.  Here  they  are  oblong,  incipieiitly  emargin- 
ate,  cordate  at  the  base,  asymmetrical,  enthc  at  the  sides,  or 
with  a  deep  incision  on  one  or  both  sides  at  or  below  tbe 
middle  usuahy  very  unequal  at  the  base,  fleshy,  glandular- 
pubescent  above  and  on  the  petioles.    E.  moschatum  agrees 
with  this,  and  E.  cicutarium  merely  differs  m  bemg  perhaps 
more  deeply  lobed  with  one  or  two  incisions  on  each  side.  E. 
Manescavi  merely  differs  in  being  very  shallowly  crenate  along 
the  sides.    Pelargonium  australe  (fig.  229)  is  comparable  to 
the  last  in  being  shallowly  crenate  at  the  sides,  but  is  sub- 
lobate  at  the  base.    The  fission,  toothmg,  or  lobing  seems  to 
be  mtended  to  facilitate  folding  in  the  seed.  It  wHl  be  noticed 
that  the  fission  is  always  most  pronounced  towards  the  base 
where  the  cotyledons  are  broadest,  and  that  the  lobes  are 
directed  towards  the  narrower  apex,  so  that  by  this  means  the 
greater  width  at  the  base  is  reduced.    One  large  lobe  or  deep 
incision  would  accomplish  in  this  respect  what  a  number  of 
smaller  ones  would,  so  that  both  types  answer  the  same 

The  sixth  type  is  represented  by  Geranium,  the  difference 
between  which  and  Erodium  has  perhaps  reference  to  the  fact 
that  while  the  seeds  of  Erodium  are  arranged  so  as  to  be  self- 
sowing,  and  terminate  in  a  sharp  point,  which  more  readdy 
pierces  the  ground,  this  is  not  the  case  in  Geranium,  tbe 
seeds  of  which  are  rounded  at  both  ends.    The  different 
species,  as  far  as  my  observations  go,  agi-ee  m  Jlie  relatively 
lar-e  size  of  the  cotyledons,  and  the  amount  of  foldmg  which 
hev  undergo  in  the  seed.    They  differ  chiefly  m  size  and 
tlouHnd  in  the  relative  length  of  the  hypocotyl  and  the 
XTes  of  the  cotyledons.     G.  Wallichianum  (fig.  228)  may 
b    a^^n  as  a  representative  of  seedlings  with  a  short  hypocotyl 
and  loit  petioles.    The  cotyledons  are  oblique  y  reniform 
a^mm  tdcal^  deeply  cordate  at  the  base,  shallowly  smuate  at 
the  anex  with  the  midrib  excurrent,  formmg  a  small  tooth, 
five-rrved,  thinly  pubescent  above,  ciliate  at  the  margin, 
LlX  oke  another  in  size,  but  the  two  halves  of  each  un- 
eS  The  average  length  of  the  longer  half  of  five  cotyledons 
s'l  :8  mm.  and^he  w^lth  8-6  mm.;  on  the  - -ry  h^ 
average  leugth  of  the  shorter  half  is  11-5  mm.  and  the  .ulth 
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8-15  mm.  The  petioles  are  long,  terete,  or  slightly  flattened 
on  the  upper  surface  near  the  base,  and  mostly  equal  in  length. 
In  the  short  hypocotyl  and  long  petioles,  G.  polyanthus  agrees 
with  Gr.  Wallichianum,  whereas  G.  bohemicum  and  G.  san- 
guineum  are  types  with  elongated  hypocotyls  and  short  petioles, 
while  in  G.  amphuloideum  both  hypocotyl  and  petioles  are 
elongated.  All  the  above-mentioned  however  agree  in  general 
characters  including  asymmetry.  Others  agreeing  with  the 
above  are  G.  Traversii,  G.  pratense,  and  G.  tuberosum.' 

The  cotyledons  are  all  broader  than  long,  a  circumstance 
due  to  the  manner  of  folding  in  the  seed.  The  larger  auricle 
is  on  the  outside  of  the  coil,  and  has  consequently  more  room 
to  develop.  The  apical  sinus  is  due  in  part  at  least  to  a 
thickening  of  the  chalaza,  against  which  it  abuts.  Petioles  are 
necessary  to  admit  of  the  folds  of  the  smaller  half  of  each  coty- 
ledon being  accommodated  inside  the  coiled  embryo,  and  after 
germination  to  carry  the  cotyledons  up  to  the  light,  especially 
if  the  hypocotyl  is  but  little  developed. 


Geranium  Wallicliianum,  Siveet 
(fig.  228). 

Primary  root  stont,  fleshy,  colour- 
less, tapering,  furnished  with  fleshy 
flexuose  lateral  rootlets. 

Hypocotyl  erect,  terete,  stout, 
fleshy,  hairy  or  downy,  pale  towards 
the  base  and  reddish  upwards,  partly 
or  quite  subterranean,  about  5-5  mm. 
long. 

Cotyledons  obliquely  reniform, 
deeply  cordate  at  the  base,  shaUowly 
sinuate  at  the  apex  with  the  midrib 
excurrent  in  the  form  of  a  small 
tooth,  unequal- sided,  five-nerved  (the 
three  mner  nerves  the  strongest), 
thmly  pubescent  above,  glabrous  be- 
neath, densely  cihate  at  the  margin, 
light  opaque  green,  obscurely  reticulate;  lamina  1-4  cm.  long, 
1-9  cm.  wide,  about  equal,  but  the  two  halves  of  each  cotyledon  are 
unequal. 

'  See  Innisch,  Boi.  Zntnng,  1874,  p.  545. 


Pig.  228. 
Geranium  Wallichianum. 
Nut.  size. 
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Average  length  of  five  longer  halves  12-8  mm. 
width  „        „  8-Gmm. 

length      „   smaller    „     11-5  mm. 
width       „       „         „     8-15mm.  ; 

petioles  long,  terete,  hairy,  the  dilated  hase  shghtly  flattened  on  the 
upper  side,  perfoHate,  mostly  equal  in  length. 

Stem  herbaceous,  developed  when  about  to  flower,  procum- 

^^^^Leaves  simple,  radical  and  cauline,  alternate,  stipulate,  petiolate, 
palmatinerved,  eight-lobed,  and  reticulate,  hairy  aU  over  ;  stipules 
ovate,  membranous,  seated  on  the  base  of  the  petiole  or  attached  for 
half  its  length,  but  in  adult  specimens  attached  to  and  surrounding 
the  node  of  the  stem. 

No.  1.  Palmately  seven-nerved  and  -lobed,  reticulate  ;  lobes 
cuneate— terminal  one  deeply  tridentate  or  trifid ;  lateral  lobes 
generally  tridentate  ;  teeth  obtuse,  mucronate. 

The  cotyledons  of  G.  sanguineum  differ  from  the  present  ones 
only  in  their  smaller  size. 

Geranium  sanguineum,  L. 

There  are  two  ovules,  of  which  only  one,  usually  the  upper,  is 
fertihsed.    The  hilum  is  on  the  ventral  face  of  the  ovule  a  Uttle 
below  the  middle.   The  raphe  is  also  ventral  and  proceeds  fi-om  the 
hilum  to  the  base  of  the  seed,  where  it  terminates  in  the  chalaza. 
The  micropyle  is  close  to  the  hilum  on  its  upper  side.   The  embryo 
originates  about  the  middle  of  the  ventral  face  of  the  seed  with  its 
radicle  embedded  in  a  separate  cavity  or  tube  endmg  in  the  micro- 
pyle. It  grows  to  the  upper  end  of  the  seed,  and,  curving  round  the 
apex  commences  to  grow  downwards  tiU  the  cotyledons  rest  with 
their  apex  against  the  chalaza.    The  cotyledons  commence  to  fold 
by  the  time  they  reach  the  upper  end  and  while  there  is  yet  plenty 
of  room  in  the  young  seed,  which  is  occupied  by  a  copious,  pulpy, 
and  watery  endosperm.    The  embryo  is  bright  green  or  yeUo^nsh- 
green  in  the  very  early  stages. 

G.  pratense  conforms  very  closely  to  G.  sanguineum. 

The  seedling  of  this  species  closely  resembles  that  of  G.  ^\  aUiciu- 
anum. 

Erodium  moschatum,  L'Eerit. 

There  are  two  ovules  in  each  loculus  of  the  ovary ;  they  are 
shghtly  superimposed,  and  the  upper  one  seems  in  all  or  most  cases 
to  be  that  which  is  fertilised  and  reaches  maturity. 
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The  carpels  are  oblanceolate  with  two  oblique,  glandular,  de- 
pressed spots  at  the  apex,  and  covered  with  a  dense  array  of 
brownish-yellow  or  fuscous  hairs  pointing  upwards. 

The  ovule  is  attached  to  the  axile  placenta  near  the  base  of  the 
cavity  of  each  loculus ;  the  hilum  is  ventral  and  very  close  to  the 
base  of  the  seed ;  the  raphe  proceeds  from  the  hilum  to  the  base  of 
the  seed  on  the  ventral  face,  terminating  in  the  chalaza  there,  so 
that  it  is  very  short. 

The  radicle  of  the  embryo  is  embedded  in  tissue  or  a  tube  close 
to  the  micropyle  immediately  above  the  hilum.  The  embryo  grows 
to  the  upper  end  of  the  seed  as  in  Geranium,  and  then  bends 
towards  the  base.  The  curvature  takes  place  in  the  radicle  or 
rather  the  short  hj-pocotyl.  The  cotyledons  are  shortly  petiolate  to 
permit  of  folding.  They  are  deeply  concave  only  on  the  inner  face, 
not  rolled  round  one  another  as  in  Geranium.  This  is  due  to  the 
narrowness  of  the  fruit  and  seed.  The  thickest  part  of  the  seed, 
that  is  the  uppermost,  is  occupied  by  the  bent  part  of  the  hypocotyl, 
the  petioles,  and  base  of  the  cotyledons.  The  latter  are  deeply  con- 
cave on  the  inner  face,  and  fit  into  one  another  edgeways  ;  they  are 
also  pinnatifid  with  the  lobes  more  or  less  imbricated  and  pointing 
towards  the  apex.  They  are  nearly,  although  not  quite,  of  equal 
width  throughout  after  germination  ;  but  while  yet  in  the  seed  the 
fission  admits  of  their  being  folded  into  narrower  space.  This  is 
necessary  on  account  of  the  seed  being  very  narrow  and  pointed  like 
the  fruit ;  whereas  in  Geranium  the  lower  end  of  the  fruit  and  seed 
is  equally  as  wide  as  the  upper  end. 


Erodium  trichoma ne folium,  L'Herit. 

Hypocotyl  erect,  terete,  or  somewhat  decumbent  at  the  base 
owmg  to  the  horizontal  position  of  the  seed  from  which  it  emerged 
and  which  persists  around  the  base  of  the  seedling  after  it  has 
attamed  some  size,  stout  or  somewhat  succulent,  glandular-pubes- 
cent, 5-9  mm.  long. 

Stem  herbaceous  or  suffruticose,  very  short. 

Cotyledons  cordate  or  oblong-cordate,  obtuse,  entire  at  the 
apex  or  mcipiently  emarginate,  entire  at  the  sides  or  with  a  deep 
incision  on  one  or  both  sides  about  the  middle  or  lower  down 
usually  very  unequal  at  the  base,  thick,  fleshy,  glandular-pubescent 
aDove  and  on  the  petioles,  glabrous  beneath ;  lamina,  7-10-5  mm 

Tl\  T"  ^'"^^  '  P'^^"^'  subterete,  slightly  grooved  above' 
glandular-pubescent,  1-2-1-35  cm.  long.  ' 

Leaves  simple,  radical  and  cauline,  alternate,  stipulate  (1st  leaf 

X  2 
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almost  or  quite  exstipulate  and  stipules  usually  very  small  in  the 
2ncl  leaf),  petiolate,  much  divided,  glaucous-green  or  somewhat 
cinereous,  glandular-hairy  all  over ;  petioles  subterete,  channelled 
above,  dilated  and  amplexicaul  at  the  base,  glandular-pubescent ; 
stipules  mostly  adnate  to  the  petioles,  with  membranous,  colourless 
free  tips. 

No.  1.  Ovate-cordate  in  outhne,  pinnatifid,  with  two  to  three 
oblong  slightly  toothed  segments  on  each  side. 

Nos.  2  and  8.  Cordate  in  outline,  deeply  bipinnatifid  ;  basal 
pair  of  primary  segments  unequally  ovate,  the  others  oblong; 
secondary  segments  oblong  or  lanceolate,  obtuse. 

Ultimate  leaves  cordate-ovate,  obtuse,  interruptedly  bipinnati- 
sect ;  primary  and  basal  pair  of  segments  unequally  or  half  ovate, 
the  others  subelliptic  in  outhne,  interrupted  with  small,  irregular- 
sized,  entire  or  cut  segments  between ;  secondary  segments  some- 
what' similar,  smaller ;  tertiary  segments  small,  subulate  or  lanceo- 
late, obtuse  or  subacute,  mucronate. 

Erodinm  verbensefolium,  Del. 

Hypocotyl  erect,  terete,  glandular-pubescent,  pale  green,  3-5  mm. 
long. 

Cotyledons  ovate-oblong,  emarginate,  unequally  cordate  at  the 
base,  where  they  are  five-nerved,  and  alternately  pennmerved 
mpwards,  glabrous  above  except  towards  the  base,  glandular-ciliate, 
and  glandular-pubescent  beneath,  light  green  ;  lamuia  9  mm.  long 
on  one  side  and  8  mm.  on  the  other,  T5  mm.  broad  ;  petiole  chan- 
nelled above,  dilated  at  the  base  and  amplexicaul  or  perfohate, 
glandular-pubescent  and  hairy,  very  unequal  in  length,  one  bemg 
sometimes  twice  as  long  as  the  other. 

Average  length  of  two  long  ones  8-75  mm. 

„      short    „    5-25  mm. 

Stem  herbaceous,  annual,  developed  when  about  to  flower. 

Leaves  simple,  radical  and  cauline,  alternate,  stipulate,  petiolate, 
glandular-pubescent  on  both  surfaces,  greyish  ;  petioles  semiterete, 
shallowly  grooved  above,  dilated  at  the  base  and  amplexicaul.  glan- 
dular-pubescent and  hairy;  stipules  adnate  to  the  petiole  ^Mtu 
rounded,  hyaline,  or  membranous,  glandular-cihate  free  V^mts 

No  1.  Ovate-oblong,  cordate  at  the  base,  bifid  at  the  apex, 
deeply  pinnatifid,  alternately  or  .suboppositely  pennmerved  wi  i 
the  nerves  directed  straight  into  the  lobes ;  segments  obtusely  den- 
tate. 
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No.  2.  Similar  but  emarginate  with  a  tooth  in  the  notch  or 
tridentate  at  the  apex. 

Pelargonium  australe,  Willd.  (fig.  229). 

Frimary  root  normal,  tapering,  fibrous,  aimual. 

Hypocotyl  erect,  terete,  glandular-pubescent  or  -hairy,  pale  green 
or  suffused  with  red,  6-8  mm.  above  the  soil. 

GoUjledons  ovate-oblong,  emarginate,  minutely  mucronate  in  the 
notch,  unequally  subcordate  at  the  base,  shallowly  crenate  at  the 
sides,  glandular-hairy  all 
over,  light  green ;  lamina  9- 
15  mm.  long,  7*5-10'5  mm. 
broad ;  petiole  subterete, 
shallowly  grooved  above, 
glandular-hairy,  l'5-2-l  cm. 
long. 

Stem  herbaceous,  an- 
nual, developed  when  about 
to  flower. 

Leaves  simple,  radical 
and  cauline,  alternate,  stipu- 
late, petiolate,  hght  green, 
glandular-hairy  all  over, 
alternately  and  ascendingly 
penninerved ;  stipules  ad- 
nata to  the  petiole  for  more 
than  half  their  length,  with  membranous,  free,  whitish,  glandular- 
cihate,  tooth-like  tips;  petioles  semiterete,  channelled  above, 
glandular-hairy  and  villous,  pale  green. 

Nos.  1  and  2.  Ovate,  obtuse,  cordate  at  the  base,  pinnatifid  ; 
segments  again  alternately  pennmerved,  coarsely  and  obtusely- 
toothed  or  the  lower  sublobulate. 

Pelargonium  bipinnatifidum,  L'Herit. 
Primary  root  fibrous,  well  developed. 

Eypocotyl  herbaceous,  1  cm.  long,  2  mm.  thick,  pubescent,  red- 
dish-green. 

Cotyledons  oval  or  obovate ;  lamina  1-26-1-5  cm.  long,  1-25  cm. 
broad,  cordate  at  the  base,  slightly  emarginate  at  the  apex,  otherwise 
entire,  with  obscure  midrib,  succulent,  pubescent,  bright  green  above 
paler  and  reddish  beneath  ;  petiole  pubescent  and  shallowly  chan- 
nelled, 1  cm.  long,  1  mm.  thick. 


Fig.  229.— Pelargonium  australe. 
Half  nat.  size. 
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Stem  undeveloped  in  the  early  stage  of  the  plant. 
•  Leaves  alternate,  or  more  often  opposite,  three- to  five-nerved 
at  the  base  and  alternately  nerved  upwards,  reticulate,  pubescent, 
membranous  ;  petioles  generally  long,  tapering  upwards 

No  1  Long-stalked,  cordate-ovate,  obtusely  serrate,  lower  half 
with  palmate  nerves,  upper  pinnatinerved,  3-4  cm.  long,  1-75  cm. 
broad  pubescent,  thin,  bright  green  above  paler  beneath.  _ 

Nos.  2  and  3.  Pmnatifidwith  three  to  five  lobes,  otherwise  as  m 

No.  1. 

Limnanthes  Douglasii,  B.  Br.  (fig.  230). 

Primary  root  tapering,  small,  furnished  with  lateral  rootlets  at 
the  base  or  these  are  adventitious  on  the  end  of  the  hypocotyl. 
Nlerou^^^^^^^^  adventitious  roots  also  given  off  at  the  end  of  the 
hypocotyl  close  to  the  base  of  the  cotyledons ;  annua  . 

Hypocotyl  stout,  subterranean,  terete  or  more  or  less  flattened, 
"^^      ^  colourless,  succulent,  1-4-2  cm.  long. 

Cotyledons  petiolate,  rotund-cordate, 
usually  minutely  emarginate,  and  marked 
at  the  apex  with  a  smaU  black  scar,  tipped 
with  white,  rather   succulent,  convex 
above  and  striate  with  broad  shallow 
ridge-like  veins,  glabrous,  deep  green,  sub- 
concave  beneath  and  minutely  wrinkled, 
paler  green;  petiole  semiterete,  chan- 
nelled above,  dilated  and  sheathmg  at 
the  base,  seated  rather  deeply  m  the 
sinus  of  the  leaf,  glabrous.  Lamma 
variable  in  size,  5-7  mm.  long  and  as 
broad. 

Stem  herbaceous,  annual  and  de- 
veloped when  about  to  flower. 

Leaves  simple,  radical  and  cauhne, 
jNa..B.ze.  alternate,    exstipulate,    petiolate,  gla- 

brous, rather  succulent,  simply  or  bi-pinnatifid  or  '^^f'  f^f^/ 
semTterete,  channelled  above,  dilated  and  sheathing  at  the  base, 

No' 1    Ternately  pinnatisect,  often  with  five  sc.^nents,  which 
are!li;HiyXlbyinarticulated,withtheraclnsi.^^^^^^ 

"^^^^^I^lf  "^:rth  with  five  or  more  segments; 
^^^m:^^::^"C:^vate  or  oblong-lanceolate,  bipiunati- 


Fig.  230. 

Limnanthes  Douglasii. 
Nat.  size. 
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sect ;  primary  segments  triangular  or  ovate,  stalked ;  secondary 
segments,  oval,  mucronate,  narrowed  to  the  base,  or  rather  indis- 
tinctly stalked. 

Tropseolum  majus,  L.  (fig.  231). 

Primary  root  long,  tortuose,  succulent,  colourless,  giving  off 


Fig.  231. — TrojicBolicm  majus.   Nat.  size. 


stout,  fleshy,  tortuose  adventitious  roots  from  near  the  top,  which 
hke  the  primary  one  are  frequently  notched  or  cut  into  as  if  by  con- 
tact with  some  object. 
Hypocotyl  undeveloped. 

Cotyledons  subterranean,  large,  fleshy,  filHng  the  testa,  shortly 
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petiolate  and  allowing  the  plumule  to  pass  out  between  them  on 

"""^Sim  herbaceous,  perennial,  succulent,  flexuose,  ultimately 
chmbing  or  scrambling  amongst  other  vegetation,  glabrous,  terete, 
pale  green  •  first  internode  very  variable  in  length  accordmg  to  the 
depth  the  seed  is  buried  in  the  soil ;  second  undeveloped,  brmgmg 

two  leaves  opposite. 

Leaves  simple,  cauline,  alternate  (first  two  opposite),  exstipulate 
(first  two  stipulate),  petiolate,  peltate,  radiately-nerved,  lobulate, 
deep  -reen  above,  with  a  narrow,  red  or  yellow  margm,  pubescent 
on  the  nerves,  ultunately  glabrous,  glaucous  beneath,  glabrous,  and 
densely  covered  with  sessile  glands;  petioles  succulent,  terete,  gla- 
brous, shining,  tapermg  from  a  very  stout  base  to  the  thinnes  part 
immediately  at  the  insertion  of  the  blade  ;  stipules  of  the  first  two 
leaves  small,  subulate,  coloured  like  the  stem,  1-5  mm.  long. 

Nos  1  and  2.  Opposite,  peltate,  with  eight  radiating  nerves, 
shallowly  trilobulate;  lobes  rounded,  entire  or  minutely  emar- 

^'""no  3.  Peltate,  eight-nerved,  seven-lobulate,  with  the  eighth 

nerve  running  into  the  sinus  at  the  base  of  the  leaf ;  lobes  shallow, 

rounded,  emarginate. 

Nos'.  4  and  5.  Similar  to  No.  3.  ^  ,  .  ^  ,    ^.i,  Kvn 

Ultimate  leaves  peltate,  seven-nerved  and  lobulate,  with  t^^o 

short  nerves  running  into  the  broad  shallow  basal  smus ;  lobes 

broad,  shallow,  emarginate. 
Tropseolum  aduiicum,  Sm. 

Primary  root  long,  fleshy,  colourless,  with  few  lateral  rootlets. 
Hypocotyl  and  cotyledons  as  in  T.  majus. 

Stei  erect,  otherwise  as  in  T.  majus;  1st  internode  m  the 
specimen  examined  4-6  cm.  long,  but  variable  according^  to  con- 
Tons  and  capable  of  elongatmg  considerably  if  the  seed  is  d^ep  7 
buried  in  the  soil ;  2nd  internode  varymg  from  1-3  5  mm. 

"""laves  palmately  or  subpedately  nerved  and 

glabrous,  Hght  green  above,  paler  beneath;  petiole  terete,  tapeimg 

upwards  from  a  stout  base,  glabrous,  pale  green. 

Nos  1  and  2.  Tripartite,  with  the  lateral  lobes  again  deeply 
bifid  ;  mM^e  segment'oblong-oval,  obtuse,  entire  ;  ultimate  lateral 
lobes  oblong,  obtuse,  entire.  nbtuse 

No.  8.  Tripartite;  middle  segment  ^^V^^"*'! '"^  ',2  moitor 
lobes  ;  lateral  segments  again  bifid  with  the  anterior  lobe  moie 

less  toothed,  teeth  obtuse. 
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Oxalis  corniculata,  L.  (fig.  232). 

Primary  root  long,  tapering,  with  numerous  long  fibrous  lateral 
rootlets. 

Hypocotyl  subterranean,  stout,  very  sliort. 

Cotyledons  small,  oblong-ovate,  very  obtuse,  shortly  petiolate, 
glabrous ;  lamina  3-5  mm.  long,  3  mm. 
broad  ;  petiole  1  mm.  long. 

Leaves  radical,  digitately  trifolio- 
late,  alternate,  exstipulate,  petiolate, 
glabrous  above,  ciliate  at  the  margin, 
thinly  silky  beneath,  folding  down  at 
night;  petioles  subterete,  shghtly  flat- 
tened above,  hairy,  articulated  by  a 
broad  base. 

No.  1.  Digitately  trifoliolate  ;  lateral 
leaflets  obcordate,  small ;  terminal  leaf- 
let broader  than  long,  obcordate,  larger 
than  the  lateral  ones. 

No.  2.  Similar  but  larger. 

Nos.  3-6.  Leaflets  broadly  obcor- 
date ;  lateral  ones  unequally  emarginate 
with  the  smaller  lobe  on  the  posterior 
side,  somewhat  smaller  than  the  terminal 
leaflet. 

Fig.  232. — Oxalis  corniculata. 

Oxalis  sensitiva,  L.  N'^*- 

Hypocotyl  woody,  erect,  terete,  hairy,  pale  brownish,  thickened 
beneath  the  cotyledons  and  densely  hairy,  1-1-3  cm.  above  the 
soil. 

Cotyledons  broadly  ovate,  obtuse,  sessile,  glabrous  or  slightly 
pubescent  at  the  margin,  3-5  mm.  long,  2-75  mm.  broad. 

Stem  woody  with  undeveloped  internodes. 

Leaves  abruptly  pinnate,  cauUne,  alternate,  exstipulate,  petiolate, 
thinly  hairy  above  and  dark  green,  glabrous,  or  thinly  hairy  beneath 
and  often  suffused  with  violet ;  petioles  terete,  hairy,  articulated  a 
Uttle  way  above  a  stout  base,  excurrent  between  the  leaflets  with  a 
small,  subulate  point ;  leaflets  sessile,  sensitive,  folding  downwards 
when  the  temperature  is  low  or  when  stimulated  by  a  touch, 
obhquely  obovate,  mucronulate  in  the  first  leaves. 

No.  1.  With  one  pair  of  leaflets. 

No.  2.     „    two  pairs  „ 

No.  3.     „    three  „ 
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No.  4.  With  four  pairs  of  leaflets. 


No.  5. 
No.  G. 
No.  7. 
No.  8. 
No.  9. 


five 

seven 

eiglit 

nine 

nine 


Ultimate  leaves  abruptly  pinnate  with  twelve  to  twenty  or  more 
pairs  of  leaflets,  thinly  hairy  on  both  surfaces,  and  densely  so  on 
the  midrib  and  petioles;  leaflets  varying  from  obUquely  obovate 
and  acute  at  the  apex  of  the  leaf  to  oblong  and  obhquely  pomted 
with  a  small  basal  auricle  on  the  posterior  side,  and  then  again  to 
obliquely  ovate  and  acute  at  the  base  of  the  leaf,  where  they  are 
very  small. 

Impatiens  parvifiora,  DC.  (fig.  233). 

Fmit  a  capsule,  oblong-cylindrical  or  fusiform,  glabrous,  five- 
celled,  many-seeded,  dehiscing  elastically  with  five  valves,  which 


B 


Vrr  233  -Imvatiens  varviflora,  DC.    A,  longitudinal  section  of  seed,  x  10  : 
Cll,  chalazafpl  plumule   r,  mdiclc.   B,  transverse  section  of  seed,  x  10. 

roll  spirally  from  the  base  upwards,  at  the  same  time  scattering  tlw 

seeds  with  some  force. 

Seeds  obovoid,  marked  longitudinally  with  many  short  variously 
interrupted  lines  of  Uttle  round  protuberances ;  testa  b^^wn  and 
rather  thick;  tegmen  thin;  micropyle  and  Inlum  ^^^^  '  .^1^^^^ 
ventral,  conspicuous ;  chalaza  apical,  forming  a  small  thickened 
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knob  externally  to  the  testa,  which  is  slightly  indented  at  this  point, 
thus  apparently  causing  the  emargination  of  the  cotyledons. 

Endosperm  none,  or  forming  an  extremely  thin  membranous 
covering  adhering  to  the  inner  surface  of  the  testa. 

Embryo  straight,  large,  filhng  the  cavity  of  the  seed  and  con- 
forming to  it  in  shape,  pale  yellowish-white  ;  cotyledons  obovate- 
oblong,  minutely  emarginate,  subcordate  at  the  base,  plano-convex, 
and  rather  fleshy ;  radicle  very  short,  subglobose,  stout,  obtuse, 
much  shorter  than  the  cotyledons,  which  envelope  half  of  it  together 
with  the  plumule,  the  other  half  protruding. 

Impatiens  Balsamina,  L.  (fig.  234). 

Primary  root  a  short  tap-root,  succulent,  colourless,  unbranched, 
while  many  nearly  horizontal  rootlets  spring  from  base  of  the  hypo- 
cotyl. 

Eypocotyl  about  4  cm.  long,  2  mm. 
thick,  terete,  succulent,  glabrous,  red- 
dish near  the  base,  greenish-white 
above. 

Cotyledons  shortly  stalked,  not 
quite  equal,  2-2-5  cm.  or  more  long, 
about  1*5  cm.  broad,  broadly  ovate, 
cuneate  at  the  base,  apex  rounded  and 
emarginate,  otherwise  entire,  obscurely 
palmatinerved  with  sunk  midrib,  con- 
vex, quite  glabrous,  hght  green  above, 
paler  below,  somewhat  succulent,  not 
very  persistent. 

Stem  erect,  herbaceous,  annual, 
stout,  succulent,  terete,  densely 
pubescent,  pale  greenish-yellow ;  1st 
internode  1-5-2  or  3  cm.  long,  2-5  mm. 
thick  :  2nd  2-3  mm.  lone  ^^"^  "^^^--^''Watiens  Balsamina. 

°-  Half  nat.  size. 

Leaves  simple,  cauline,  opposite 
or  subalternate,  petiolate ;  stipules  obsolete ;  lamina  lanceolate- 
elliptic,  acute,  acutely  serrate,  with  small,  subincurved,  gland-tipped 
serratures,  pale  green  above  and  shining,  paler  beneath,  glabrous  ; 
nerves  ascending  and  incurved,  mostly  alternate ;  petiole  rather 
broad  and  widening  towards  the  leaf,  flattened  above,  convex  and 
pubescent  beneath,  2-3  mm.  long  ;  pubescence  often  extending  on 
to  the  midrib  of  the  leaf  underneath. 

1st  to  3rd  pairs  lanceolate-eUiptic,  subacuminate,  acutely  ser- 
rate, cuneate  or  tapering  at  the  base. 
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Impatiens  fruticosa,  Lesch.  (fig.  285). 

Jlyi^ocotyl  succulent,  terete  near  the  base,  obtuse-quadrangular 
just  below  the  seedJeaves,  glabrous,  about  5  cm.  long,  3-4  mm. 

thick,  brownish. 

Cotyledons  very  similar  to  those  of  I.  Balsamina,  obscurely 
trinerved,  plane,  fleshy,  glabrous  except  the  broad,  reddish, 
slightly  downy  petiole,  yellowish-green  above,  pale  and  shining 
beneath. 


'  Fig.  235. — Impatiens  fruticosa.   Nat.  size. 

Stem  succulent,  terete,  glabrous,  Hght  green ;  1st  internode 
2  or  3  cm.  long,  3  mm.  (or  more)  thick,  2nd  shorter. 

Laavas.-^os.  1-6.  All  ahke ;  5-6  cm.  long,  includmg  the  stout, 
hairy,  short  petiole  ;  2-5  cm.  or  more  broad,  ovate -elliptic  subacute 
at  base,  acuminate  at  apex,  equaUy  shallowly  serrate  eeth  mucro- 
nate  ;  very  distinctly  penninerved,  covered  all  over  with  a  long  solt 
pubescence  (woolly  to  touch),  bright  green  above,  paler  beneath. 
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Benth.  et  Hook.  Qen.  PI.  i.  278. 

Fruit  and  Seed. — The  carpels  forming  the  ovary  in  this 
Order  vary  from  three  to  five,  rarely  more  or  less  as  in  Tham- 
nosma  and  Atalantia,  some  species  of  which  have  dimerous 
ovaries.  Whatever  the  number  of  carpels,  they  are  united  into 
an  ovary  with  as  many  cells,  except  in  Galipea,  Zanthoxylum, 
and  a  few  others,  where  the  carpels  are  quite  free.  The  ovules 
in  each  cell  are  very  frequently  two  and  superposed,  but  they 
also  vary  from  three  or  four  to  many.  They  are  pendulous, 
anatropous,  or  semianatropous.  The  raphe  is  ventral,  the  mi- 
cropyle  superior.  The  fruit  varies  greatly,  but  is  capsular  in 
the  more  typical  Rutace^,  opening  by  valves  along  the  back  or 
at  the  top  as  in  Ruta,  or  breaking  up  into  cocci  which  dehisce 
along  the  ventral  suture.  In  many  cases  the  exocarp  breaks 
away  elastically  from  a  coriaceous,  horny,  crustaceous,  or  car- 
tilaginous endocarp.  In  the  tribe  Toddalieae  the  fruit  is  often 
baccate  or  drupaceous  ;  instances  of  the  latter  are  to  be  seen 
in  Skimmia,  Toddalia,  and  Phellodendron.  The  fruit  of  Ptelea, 
belonging  to  this  tribe,  is  an  orbicular  samara,  and  in  Helietta 
it  consists  of  three  samaras.  That  of  the  tribe  Aurantie^  is 
most  often  pulpy  with  a  coriaceous  separable  rind. 

The  seeds  are  oblong  as  in  Ptelea  trifoliata,  or  often  reni. 
form  as  in  Monnieria,  Euta,  and  Boenninghausenia,  or  obovoid 
as  in  Dictamnus,  Skimmia,  Citrus,  and  others.  They  are 
usually  suspended  from  the  top  or  the  middle  of  the  pla- 
centas. The  testa  is  spongy,  or  more  often  crustaceous  and 
shining  as  in  Dictamnus,  or  it  is  pitted  and  granular.  The 
outer  coat  is  said  to  resemble  an  aril  in  Hortia.  Endosperm 
IS  scanty  or  wanting  in  a  large  number  of  genera;  but  in  the 
tribes  Rutese,  Boroniepe,  Toddahete,  and  in  most  of  the  Zan- 
thoxylese  it  is  present  in  some  quantity  and  fleshy,  sometimes 
also  oily.  The  embryo  is  very  frequently  curved  according  to 
the  shape  of  the  seed,  or  straight  where  the  latter  is  obovoid 
ihc  radicle  is  superior  and  varies  in  length,  being  as  long  as 
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the  cotyledons  in  Euta,  with  a  reniform  seed,  and  very  short 
in  Citrus  and  Dictamnus  with  obovoid  seeds. 

A  very  abnormal  condition  prevails  in  the  seed  of  the 
Orange  (Citrus  Aurantium).    Each  contains  from  two  to  four 
embryos  sufficiently  developed  to  germinate  and  grow  mto 
plants  besides  a  similar  or  even  greater  number  of  very  small 
ones  that  are  unable  to  germinate.     The  large  ones  are 
fleshy  colourless,  and  nearly  always  have  very  unequal  cotyle- 
dons of  various  shapes  owing  to  mutual  compression.  There 
is  usually  one  large  cotyledon  in  each  seed,  belongmg  probably 
to  the  true  embryo,  while  all  the  rest  are  smaller,  and  packed 
on  to  the  face  of  the  large  one,  completely  filhng  the  seed. 
The  large  cotyledon  is  often  deeply  concave  with  the  others 
packed  into  the  cavity.    Strasburger  states  that  the  super- 
numerary embryos  are  developed  by  prolification  from  the 
tissue  of  the  nucellus  bordering  on  the  embryo-sac.  _ 

A  similar  case  occurs  in  Triphasia  trifohata,  and  is  pro- 
bably due  to  the  same  cause.  The  seed  is  exalbunimous  as 
in  the  Orange,  and  generally  contains  two  embryos  of  differeiit 
sizes,  withuLlly  very  unequal  cotyledons.    Thelaa-ge^-  co^^^^^^^^ 

don  is  concavo-convex  or  in  some  cases  mtolded  at  the  sides 
Three  embryos  are  also  not  unusual,  when  one  or  other  of  the 
cotyl  don    is  infolded  and  often  more  or  less  deep  y  lobed 
This  is  due  sometimes  to  one  cotyledon  becommg  folded  o.cr 

'^'t^Ml,!^^^^^^^  I  1-e  met  with  an  belong  to 
the  shrubby  or  arboreal  types  of  Eutace^.  Amongst  them 
two  leading  types  of  cotyledons  may  be  observed,  namely,  an 
alrii  and  a  subterranean  one.  Those  of  Correa  CoMllei  ai- 
Lnceolate,  one-nerved,  and  taper  to  a  very  short  petiole  The 
cotv  edon  of  C.  viridiflora  differ  in  bemg  narrower  and  Imea i- 
co  yledons  o  ^.  ^    j^^,  ^o,e  foliaceous,  unequally 

fbbng  Jlt^^eXe  cotyledons.  Those  of  P.  aptera  di^r 
ii^belU  proportionately  longer  and  oblong-lanceolate,  n 
T  imon  a  acid  ssima  we  have  a  type  that  is  intermediate  between 
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for  reserve-material  and  not  to  assimilate  after  germination. 
They  are  nearly  always  alternate,  and  two,  rarely  three  in 
number.  Murraya  exotica  agrees  in  the  deciduous  nature  of 
its  cotyledons. 

The  subterranean  type  may  be  represented  by  Caloden- 
dron  capense,  which  has  very  large  seeds  and  fleshy,  shortly 
petiolate  cotyledons.  Those  of  Citrus  Aurantium  are  much 
smaller,  opposite  or  frequently  alternate,  colourless,  fleshy, 
often  compressed  and  of  variable  shape  owing  to  the  presence 
of  several  embryos  in  the  seed,  and  strictly  subterranean. 
In  C.  decumana  they  are  oblong-elliptic,  shghtly  falcate, 
plano-convex,  fleshy,  greenish-yellow,  and  both  directed  to  one 
side  of  the  stem  as  in  some  other  cases  where  the  cotyledons 
are  subterranean.  Mgle  Marmelos  has  similar,  but  smaller, 
rounder  seeds  with  cotyledons  like  those  of  the  Pea. 

There  is  considerable  variation  in  the  first  leaves.  The 
first  one  of  Correa  Colvillei  is  oval,  the  three  succeeding  ones 
roundly-elliptic.  Those  of  C.  viridiflora  are  obovate ;  and 
they  differ  but  little  in  the  adult  stage,  as  the  leaves  of  all 
the  Correas  are  of  very  simple  forms  and  quite  entire.  The 
leaves  of  Ptelea  trifohata  are  digitately  trifoliolate  from  the 
first,  or  the  primary  leaf  may  be  imperfect  and  have  only  two 
leaflets.  Their  margins  are  doubly  and  bluntly  denticulate  or 
crenulate,  bearing  some  resemblance  to  those  of  the  cotyledons, 
but  the  latter  differ  in  being  merely  simply  crenulate  with 
distmctly  rounded  crenatures.  The  first  leaf  of  P.  aptera 
IS  simple  and  acuminate-lanceolate,  followed  by  one  that  is 
digitately  trifoliolate  or  imperfectly  so,  and  that  agam  by 
one  havmg  four  or  five  leaflets.  The  first  two  or  three  leaflets 
01  Limonia  acidissima  are  ovate  and  alternate,  opposite  or 
verticiHate ;  the  second  and  third  digitately  trifoliolate'  or 
pmnate,  m  other  individuals  with  five  opposite  elliptic  leaflets 
and  wmged  midribs.  Murraya  exotica  differs  in  the  first 
two  leaves  bemg  opposite  and  triangular-ovate,  and  in  the 

enfoe  tafletT''  ^'^^  ^'^^  °' 

The  first  six  leaves  of  Calodendron  capense  are  reduced 
to  small  scales,  a  case  of  frequent  occurrence  where  the  seeds 
aie  large  with  subterranean  cotyledons.    Those  that  succeed 
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are  opposite,  lanceolate,  and  entire,  whereas  those  of  the 
adult  are  acutely  crenulate.  The  first  two  leaves  of  Citrus 
Aurantium  are  opposite,  orbicular,  emarginate,  while  suc- 
ceeding ones  are  elliptic:  C.  decumana  differs  only  by  some- 
times having  the  first  four  leaves  in  a  whorl.  The  first  and 
second  of  ^gle  Marmelos  are  nearly  .opposite,  broadly  ovate, 
and  doubly  crenate. 

Calodendron  capense,  Thunb. 

Hvpocotylnnde-velo^eA. 

Cotyledons  large,  thick  and  fleshy,  occupying  the  whole  interior 
of  the  seed,  subterranean,  and  remaining  in  the  seed  tdl  they  are 
absorbed  or  decayed,  shortly  petiolate  ;  petioles  stout  and  subfleshy, 
their  presence  being  necessary  to  allow  the  plumule  to  emerge  fi-om 

stem  erect,  terete,  densely  pubescent,  pale  green,  soon  becommg 
brownish,  and  dotted  with  smaU  corky  spots,  ultimately  woody  and 
arborescent ;  prhnary  internodes  variable,  with  the  prmiary  leaves 

iTiTLple,  cauline,  opposite  or  verticillate  in  threes,  exstipu- 
late  petiolate,  decussate,  alternately  pennmerved  (with  the  nexves 
n  ke  young  plant  at  least  irregularly  disposed),  retxculate,  closely 
pnnctaL,  with  pellucid  glands,  and  a  marginal,  rather  conspicuous 
ro^of  larger  ones,  deep  green  above,  much  paler  beneath,  minutely 
pulescent'on  both  surfaces  ;  petioles  very  short,  subterete.  flattened 
or  convex  on  the  upper  side,  densely  pubescent. 

Zt  six  leaves  in  the  specimen  described  reduced  to  scale 

Nos  1-3.  On  the  same  level,  falling  away  early,  very  small. 

No  4.  Alternatmg  with  the  others,  small. 

Nos  5  and  6.  Alternate  or  nearly  opposite,  green,  lanceolate, 
obtuse,  densely  pubescent,  about  3  mm.  long. 

6th  pair  muot  large.,  kneeolate-elliptic,  obtuse,  slightly  auricled 

""iJ.wrinh  mirs  lanoeolate-elliptio  or  ohlong-elliptic,  obtuse, 
narrowed  to  ttf  nds  but  espeeiaS,  to  the  base,  where  they  are 
aXItly  auricM.    Younger  ones  developng  unequally. 

Correa  Colvillei,  Bort. 

PHmary  root  long,  slender,  flexuous.  with  much  branched,  long, 
lateral  rootlets. 
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Eypocotyl  l*5-2-6  cm.  long,  1  mm.  thick,  terete,  glabrous,  light 
green,  firm. 

Cotyledons  nearly  equal,  1-5  cm.  long,  '5  cm.  broad,  obtuse,  lanceo- 
late, entire,  with  obscure  nervation  but  distinct  midrib,  glabrous, 
dark  green  on  the  upper  surface,  pale  on  the  under,  coriaceous,  with 
large  brownish  buds  in  the  axil. 

Stem  firm,  terete,  with  scattered  brown  stellate  hairs,  giving  it 
a  woolly  appearance  ;  mternodes  only  a  few  millimetres  long,  1  mm. 
thick. 

Leaves  simple,  entire,  cauline,  opposite  or  sometimes  alternate 
in  individual  plants,  exstipulate,  shortly  petiolate,  more  or  less 
densely  covered  with  a  stellate  pubescence,  at  least  in  the  young 
state,  obscuring  the  not  very  distinct  venation,  coriaceous,  deep 
green  above  when  the  stellate  tomentum  is  removed,  whitish  be- 
neath ;  petioles  short,  stellately  tomentose. 

Nos.  1  and  2.  More  or  less  opposite,  shortly  petioled,  with 
swollen  hght  brown  buds  in  the  axil  of  the  woolly  petiole  ;  lamina 
1-25  cm.  long,  '5  cm.  broad,  obtuse,  elliptic,  entire,  with  sunk  midrib 
and  covered  with  whitish  dots  formed  by  woolly  stellate  hairs, 
coriaceous,  flat,  with  revolute  margin,  dark  green  above  after  dis- 
appearance of  hairs,  whitish  below. 

Nos.  3-5.  Similar,  but  alternate  and  suborbicular. 

Correa  viridiflora,  Andr. 

Eypocotyl  erect,  terete,  about  10-12  mm.  above  the  soil. 
Cotyledons  linear-oblong,  obtuse,  entire,  narrowed  at  the  base 
to  a  short  petiole  about  15  mm.  long,  2'5-3  mm.  wide. 

Ptelea  aptera.  Parry. 

Eypocotyl  about  2  cm.  long,  1-1-5  mm.  thick,  firm,  quadrangular 
at  the  base,  terete  just  tinder  the  seed-leaves,  verrucose,  green. 

Cotyledons  subsessile,  3-3-5  cm.  long,  1  cm.  broad,  oblong- 
lanceolate,  acute  at  the  base,  obtuse  at  the  apex,  minutely  crenate, 
with  distinct  midrib  and  verrucose,  glandular  surface,  dark  green 
above,  rather  paler  beneath. 

Stem  terete  but  scabrous-verrucose,  green  ;  1st  internode  -5  cm. 
long,  1  mm.  thick,  2nd  and  3rd  1  cm.  long,  less  than  1  mm. 
thick. 

Leaves  compound,  digitately  trifoholate  or  pinnately  five-folio- 
late,  cauline,  alternate,  exstipulate,  petiolate,  alternately  penni- 
nerved  with  the  nerves  somewhat  incurved  towards  the  tip,  re- 
ticulate, coriaceous,  glabrous,  deep  green  above,  paler  beneath,  with 

Y 
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characteristically  strong-smelling  stems  and  leaves;  petioles  semi- 
terete,  channelled  above.  ,    ,        s  oa 

No  1  2-5-3  cm.  long  (including  petiole  5  mm.),  6-8  mm. 
broad  "lanceolate,  acuminate  at  both  ends,  crenulate  or  bicrenulate, 
pinnatinerved,  rugose,  firm,  not  very  thick,  dark  green  above,  light 
shining  green  beneath,  with  a  tomentose  bud  m  axil  of  petiole. 

No.  2.  Similar,  but  larger,  and  with  a  small  leaflet  at  base  of 

^^^No.  3.  Similar,  ternately  pinnate  with  large  terminal  leaflet, 
sometimes  two  large  and  two  small  leaflets. 

Ptelea  trifoliata,  L. 

Eypocotyl  finely  and  minutely  pubescent,  8-15  mm.  long. 

Cotyledons  unequally  oblong,  obtuse,  shortly  petiolate,  finely 
crenulate,  deep  green,  rather  opaque,  alternately  and  ascendingly 
penninerved,  glabrous  except  on  the  midrib  beneath  ;  lamina  10-15 
mm.  long,  5-7  mm.  broad  ;  petiole  shghtly  grooved  above,  pubescent 
beneath  only,  2-2-75  mm.  long.  ,  ,  . 

Stevi  pubescent  with  curved  or  curled  hairs,  ultimately  woody  ; 
1st  internode  3-5-5-5  or  6  mm.  long,  2nd  -5-1-25  mm. 

Leaves  trifoholate,  hairy  on  the  midrib  and  margins  of  leaflet  and 
petiole  when  young,  ulthnately  glabrous  ;  leaflets  alternately  and 
ascendingly  penninerved  ;  petioles  semiterete,  channeUed  above. 

Nos  1  and  2.  Usually  trifoholate  ;  terminal  leaflet  elHptic,  obtuse, 
irregularly  and  obtusely  dentate  ;  lateral  leaflets  smaUer,  sometimes 
verv  much  smaller,  oblong-eUiptic,  obtuse,  irregularly  and  obtusely 
dentate.  Sometimes  one  of  the  lateral  leaflets  of  the  first  leaf  is 
wanting. 

limonia  acidissima,  L. 

Eypocotyl  becoming  woody,  erect,  terete,  finely  pubescent,  wiry, 
mle  green,  2-3-2-9  cm.  long. 

^  Cotyledons  two,  rarely  three,  mostly  alternate,  fleshy,  oblong 
obtuse,  pale  green,  finely  pubescent,  sessile  or  subsessile,  somewhat 

notched  at  the  base.  .       .  ,  •  . 

Stem  woody,  erect,  terete,  finely  pubescent,  wiry  ;  Is  mteruode 
variable,  1-6-2-3  cm.  long  ;  2nd  2  mm. ;  3rd  3  mm  ;  4th  7-5  mm. 

Leaves  compound,  cauline,  alternate,  exstipulate,  petiolate,  gla- 
brous deep  green,  shinmg,  pubescent  on  the  nerves  beneath  wlien 
5 oung,  permLted  with  trfnslucent  glands,  doubly  crenulate,  ema. 
ginate  ;  petioles  subpubescent,  winged  with  a  prominent  midnb. 
and  tapering  towards  the  base. 
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Nos.  1  and  2.  Unifoliolate,  frequently  also  Nos.  8  and  4.  All 
alternate  at  greater  or  less  distances  from  each  other,  or  in 
pairs,  or  all  four  verticillate,  ovate,  obtuse,  emarginate,  articulated 
at  the  top  of  their  petioles,  or  the  lowest  pair  articulate  at  the  base 
only. 

Nos.  3  and  4.  Frequently  digitately  trifoholate,  the  terminal 
leaflet  being  lanceolate-elliptic,  attenuate  at  the  base  ;  the  lateral 
leaflets  arise  by  segmentation  from  the  terminal  one. 

No.  4.  In  some  instances  five-foholate  ;  the  rachis  between  the 
basal  and  next  pair  of  leaflets  winged  and  tapering  towards  the  base 
in  the  same  way  as  the  primary  petiole  ;  leaflets  sessile,  lanceolate- 
elhptic,  emarginate,  minutely  and  doubly  crenulate,  smaller  than 
the  leaflets  of  unifoliolate  leaves. 

Murraya  exotica,  L. 

Stem  woody,  pubescent  and  verrucose  when  young,  becoming 
corky;  1st  internode  3-1  cm.  long;  2nd  1-4  cm.;  3rd  7  mm.; 
4th  4  mm. ;  5th  5'5  mm. 

Leaves  compound,  imparipinnate,  cauhne,  alternate  (Nos.  1  and 
2  opposite  and  simple),  exstipulate,  petiolate,  evergreen,  glabrous, 
deep  green. 

^  Nos.  1  and  2.  Triangularly  ovate,  obtuse,  entire,  penninerved, 
with  a  sunk  midrib,  convex  above,  provided  hke  the  rest  with  internal 
resin  or  oil  glands  ;  petiole  deeply  channelled  above,  4  mm.  long. 

_  No.  3.  Pinnately  trifoholate  ;  lateral  leaflets  rotund-eUiptic  ;  ter- 
mmal  one  elliptic ;  all  obtuse,  coriaceous  ;  petiole  flattened  above, 
pubescent,  subverrucose  ;  rachis  between  leaflets  similar  to  petiole 
and  articulated  with  the  leaflets. 

No.  4.  Similar  to  No.  3,  but  much  smaller. 

No.  5.  Imparipinnate ;  leaflets  four,  alternate,  irregular  in  size 
and  shape,  oblong  or  lanceolate,  obtuse,  entire— the  terminal  one 
much  the  largest. 

No.  6.  Imparipinnate ;  leaflets  four,  irregular  oval,  oblone  or 
subeUiptic,  obtuse. 

Ultimate  leaves  three-  to  five-foholate ;  leaflets  alternate,  ovate, 
subacummate,  emarginate,  slightly  narrowed  to  the  base,  coriaceous, 
evergreen,  petiolulate,  shining;  petioles,  petiolules,  and  midrib 
pubescent  on  both  surfaces. 

Citrus  Aurantium,  Bisso. 

Primary  root  stout,  tapering,  twisted,  furnished  after  a  time 
with  a  few  lateral  rootlets,  longitudinally  ridged  and  furrowed  at 
ieast  when  dry.  ' 

r  2 
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Hypocotyl  subterranean,  short,  stout,  curved,  longitudinally 
ridged,  colourless,  2-3-5  mm.  long. 

Cotyledons  two,  opposite  or  frequently  alternate,  colourless, 
fleshy,  not  leaving  the  testa,  but  very  often  compressed  and  shape- 
less owing  to  the  presence  of  two,  three,  or  four  embryos  in  the 

Stem  woody,  erect,  terete  (striate  when  dried  and  somewhat 
twisted),  pale  green,  glabrous  or  minutely  pubescent ;  1st  internode 
2-5-4  cm.  long  ;  2nd,  and  sometimes  the  3rd  and  4th,  undeveloped, 
or  the  3rd  3  mm.  and  the  4th  2-25  mm.  long. 

Leaves  simple,  cauline,  alternate,  exstipulate,  petiolate,  evergreen, 
shining,  coriaceous,  thickly  dotted  with  immersed  glands,  strongly 
odoriferous  when  bruised,  glabrous. 

Nos.  1  and  2.  Generally  opposite  by  the  non-development  of  the 
internode,  more  or  less  obliquely  obcordate  and  appearing  deformed 
very  shortly  petiolate. 

Nos.  3  and  4  (in  specimen  examined).  Alternate,  elliptic,  obtuse, 
obsoletely  serrate,  minutely  emarginate,  with  alternate,  ascending, 
lateral  nerves  ;  petioles  channelled  above,  narrowly  winged,  articu- 
lated with  the  stem  below  and  the  leaf  above. 

Ultimate  leaves  oblong-ovate,  acuminate,  emargmate,  mmutely 
and  obsoletely  serrate,  peUucidly  punctate,  with  a  thin  margmal 
line  of  larger  glands  ;  lamina  articulated  with  the  wmged  petiole, 
which  is  ovate  in  outline,  with  a  short,  stout,  not  winged  base. 

Citrus  decumana,  L. 

Hypocotyl  very  short,  subterranean. 

Cotyledons  subterranean,  and  remaining  in  the  seed  till  they 
decay,  oblong-elliptic,  obtuse,  plano-convex,  fleshy,  sessile  and  both 
directed  to  one  side,  greenish-yellow  above,  yellowish  beneath, 
somewhat  falcate,  13  mm.  long,  and  6  mm.  wide. 

Stem  soon  becoming  woody,  covered  with  a  short,  very  line 
pubescence  ;  1st  internode  5-5-5  cm.  long  ;  the  one  to  three  follow- 
ing ones  suppressed,  or  from  two  to  four  of  the  leaves  on  the  same 
level ;  succeeding  ones  again  elongated. 

Leaves  as  in  C.  Aurantium.  ,  ,  f 

1st  pair  opposite,  orbicular,  emarginate,  subsessile,  not  arti- 
culated with  the  short  petiole,  crenate.  ^   ,  ,  . 

2nd  pair  often  on  the  same  level  as  the  first  two,  so  that 
there  is  a  whorl  of  four.  When  distinct  oblong  or  elliptic,  obtuse, 
otherwise  like  the  two  preceding. 

5th  (where  the  first  four  are  whorled)  elliptic,  cuneate  at  the 

base. 
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6th  obovate-elliptic,  more  elongate  and  cuneate  at  the  base, 
with  a  swelling  of  the  midrib  some  distance  above  the  base,  corre- 
sponding to  articulation. 

7th  leaf  ovate,  bluntly  pointed,  articulated  with  an  oblanceolate, 
winged  petiole,  obsoletely  crenate. 

JEgle  Marmelos,  Corr. 
Hypocokjl  short,  subterranean. 

Cotyledons  subterranean,  fleshy,  plano-convex,  rotund-oval  in 
outline,  7'25  mm.  long  including  the  very  short  petiole,  5*25  mm. 
broad. 

Stem  erect,  terete,  woody,  pubescent,  pale  green  ;  1st  internode 
3"1  cm.  long  ;  2nd  1  mm.  ;  3rd  8  mm. 

Leaves  simple,  cauline,  alternate,  exstipulate,  petiolate  or  sub- 
sessile,  glabrous,  alternately  penninerved  and  reticulate,  perforated 
with  glands,  deep  green  above,  paler  beneath,  tapering  to  the  base  ; 
petioles  short  or  none. 

Nos.  1  and  2.  Broadly  ovate,  obtuse,  emarginate,  doubly  crenu- 
late,  nearly  opposite. 

No.  3.  Elliptic,  obtuse,  emarginate,  doubly  crenulate. 

Further  stages  show  leaves  obovate  and  rotund-elliptic,  large, 
obtuse,  emarginate,  doubly  crenate. 

Ultimate  leaves  digitately  trifoHolate,  lateral  leaflets  ovate  or 
ovate-elliptic,  crenate  ;  terminal  one  slightly  larger,  elliptic,  obtuse, 
emarginate,  crenate,  or  obscurely  doubly  crenate,  penninerved  and 
reticulate. 


SIMARUBEvE. 

Benth.  et  Hook.  Gen.  PI.  i.  306. 

Fruit  and  Seed.— The  ovary  in  this  Order  is  made  up  of 
two  to  five  carpels,  rarely  one  as  in  Cneoridium  and  Amaroria, 
and  IS  more  or  less  deeply  two-  to  five-lobed,  or  the  carpels  are 
altogether  free.  When  the  carpels  cohere  they  form  an  ovary 
with  as  many  cells  as  there  are  carpels  ;  the  cells  in  Cneorum 
tricoccum  are  sometimes  spuriously  bilocellate  with  superposed 
ovules  and  cavities.  The  ovules  are  generally  solitary,  rarely 
four  to  five  as  in  Dictyoloma  or  numerous  as  in  Kceberlinia  ; 
and  they  are  pendulous,  anatropous,  amphitropous,  or  variously 
curved.    The  raphe  is  ventral,  and  the  micropyle  superior  as  a 
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rule,  but  tliere  are  cases  where  it  is  iuferior  as  in  Suriana  and 
Cneoridium.  In  Dictyoloma  and  Kceberlinia  they  are  numerous, 
ascending,  with  the  raphe  dorsal.  The  fruit  is  drupaceous  or 
dry  and°indehiscent,  sometimes  with  a  woody  endocarp  as 
n  Cneorura  and  Simaba,  or  it  is  capsular  and  dehiscent  as  in 
Dictyoloma  and  BruneUia,  or  samaroid  as  in  Ailanthus  and 
Soulamea.  The  seeds  are  generally  solitary  and  pendulous, 
with  a  membranous  or  sometimes  crustaceous  testa  as  in 
Cneorum.  Endosperm  is  copious  and  fleshy,  or  scanty,  or  al- 
together wanting.  The  embryo  is  straight  with  flat  or  plano- 
convex cotyledons,  more  or  less  semiterete.  In  rare  cases  they 
are  twisted,  and  in  the  large-seeded  Simaba  they  are  thick, 
fleshy,  and  plano-convex. 

A  longitudinal  section  of  one  of  the  cocci  of  Cneorum  tri- 
coccum  shows  the  curious  manner  in  which  the  seed  and 
embryo  are  curved  so  as  to  accommodate  themselves  to  the 
interior  of  the  bony  endocarp.    The  testa  is  not  folded,  while 
the  tegmen  containing  the  fleshy  endosperm  and  the  embryo 
is  doubled  up  on  itself.    A  transverse  section  of  another  coccus 
shows  two  seeds  occupying  the  cavity.    In  Dictyoloma  the 
seed  is  winged.    The  fruit  of  Ailanthus  glandulosa  consists 
of  one  to  five  samaras,  but,  in  Britain  at  least,  only  one  is 
usually  brought  to  maturity  although  two  are  not  unusual. 
The  samara  is  oblong  or  oblanceolate,  nearly  straight  on  the 
ventral  edge  with  a  small  indentation  above  the  middle,  where 
the  solitary  seed  is  located,  and  more  or  less  roimded  on  the 
back,  laterally  compressed  and  membranous.    The  seed  hes 
in  a  sUghtly  elevated  cavity  of  the  samara,  and  is  obhquely 
pendulous,  anatropous,  and  laterally  flattened.    The  embryo 
lies  in  the  broader  plane  of  the  seed,  embedded  in  endosperm, 
which  it  nearly  equals  in  length  and  width.    The  cotyledons 
are  obovate,  nearly  flat,  and  conform  to  the  shape  of  the  seed, 
with  their  edges  to  the  placenta.    The  superior  radicle  is 
several  times  shorter  than  the  cotyledons. 

Seedlings.-ThiB  Order  is  mainly  tropical,  and  with  excep- 
tion of  a  few  species  of  some  medicinal  importance,  togetlier 
with  the  hardy  Ailanthus  glandulosa  and  Cneorum  tricoccum, 
are  seldom  seen  in  a  living  state  in  this  country,  consequent^ 
seedlings  seldom  come  under  observation.    The  cotyledons 
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Cneorum  tricoccum  are  sessile,  linear,  one-nerved,  and  sub- 
coriaceous.  The  primary  leaves  are  lanceolate-elliptic  or 
oblong,  obscurely  penninerved,  and  entire,  as  they  are  in  the 
adult  state. 

The  cotyledons  of  Allan  thus  glandulosa  are  also  aerial, 
foHaceous,  obovate,  and  shortly  petiolate.  The  first  two  leaves 
are  pinnately  trifoliolate,  and  remind  one  of  those  of  Khus 
typhinus.  Young  trees  are  vigorous  ;  the  leaves  vary  from 
eighteen  inches  to  three  feet  in  length,  with  numerous  pairs  of 
leaflets. 

Ailanthus  glandulosa,  Desf. 

Fruit  consisting  of  one  to  five  samaras  comparable  to  those  of 
Fraxinus.  Samaras  indehiscent,  thin  or  membranous,  strongly 
winged,  oblong  or  oblanceolate,  obtuse,  tapering  downwards  and  sud- 
denly narrowed  to  the  receptacle  on  the  dorsal  edge  at  the  base, 
notched  on  the  ventral  aspect  close  to  the  attachment  of  the  seed,  and 
elevated  into  a  hemispherical  swelling  where  the  latter  is  situated. 

Seed  obovate,  biconvex,  flattened,  conforming  to  the  cavity  pretty 
closely  when  fresh,  but  shrinking  considerably  when  dry,  pale 
whitish,  descending  obhquely ;  hilum  a  little  below  the  pointed 
upper  end,  and  on  the  ventral  edge  of  the  seed  ;  raphe  ventral ; 
chalaza  pale  brown  at  the  lower  and  broader  end  of  the  seed  ;  testa 
thin,  membranous. 

Endosperm  moderately  copious,  fleshy,  surrounding  the  embryo. 

Embryo  straight,  colourless,  large,  almost  as  long  as  the  endo- 
sperm. 

Cotyledons  broadly  obovate,  slightly  auricled  at  the  base  so  as  to 
accommodate  the  radicle  ;  the  latter  stout,  obtuse,  several  times 
shorter  than  the  cotyledons,  embedded  in  endosperm  close  to  the 
pointed  end  of  the  seed,  and  consequently  a  little  above  the  hilum. 

A.  glandulosa,  var.  rubra. 

Hypocotyl  erect,  terete,  glabrous,  2'3-3  cm,  long,  light  green  or 
colourless. 

Cotyledons  coriaceous,  broadly  obovate,  obtuse,  entire,  shortly 
petiolate,  glabrous,  light  green,  distinctly  and  alternately  pinnati- 
nerved. 

Stem  erect,  herbaceous,  ultimately  woody,  slightly  flattened, 
covered  with  fine  hairs,  Hght  green  ;  1st  internode  5-8  mm.  long. 
First  leaves  compound,  trifoliolate,  petiolate,  exsfcipulate ;  ter- 


328 


ON  SEEDLINGS 


I 


minal  leaflet  acuminate,  subacute,  entire  ;  lateral  ones  slightly 
toothed,  ultiiTiately  glabrescent,  petiolulate,  light  green,  alternately 
pinnatinerved  ;  petioles  ribbed  or  striated,  covered  with  short,  glan- 
dular hairs  ;  the  young  leaves  are  also  covered  with  fine  silky  hairs 
near  their  edges. 

Cneorum  tricoccum,  L. 

Fruit  separating  from  the  gynophore  into  three  cocci,  each 
ovoid,  with  a  free  projecting  base,  which  is  by  far  the  thickest  part, 
and  from  which  it  gradually  tapers  to  the  tip,  where  it  is  crowned 
by  the  base  of  the  persistent  style  ;  one-  to  two-seeded,  indehiscent  ; 
epicarp  deep  green  before  maturity,  and  retaining  that  colour  if 
picked ;  mesocarp  fleshy,  moderately  thin ;  endocarp  very  thick, 
bony,  brown  when  dry,  and  deep  reddish-brown  when  moist. 

Seed  obovoiJ,  suspended  obUquely  from  near  the  top  of  the  inner 
angle  of  the  cell ;  testa  thick-walled,  crustaceous,  adhermg  closely 
to  the  endocarp  and  deeper  than  it  in  colour  ;  tegmen  thin,  mem- 
branous, adhering  more  to  the  endosperm ;  micropyle  and  hilum 
basal  at  the  upper  end  of  the  seed ;  chalaza  at  the  apex  of  the  curve 
of  the  endosperm,  leaving  a  brown  mark  there  when  the  latter 
containing  the  embryo  is  removed  from  the  testa. 

Endosperm  copious,  fleshy,  white,  curved  nearly  in  the  middle 
so  as  to  bring  the  apex  near  to  a  level  with  the  basal  end  containing 
the  radicle,  surrounding  the  embryo. 

Embryo  much  curved,  surrounded  on  all  sides  by  endosperm, 
colourless  when  moist ;  cotyledons  linear,  obtuse,  entke,  plano- 
convex, curved,  about  equal  in  length  to  the  radicle,  accumbent,  and 
placed  with  their  edges  to  the  placental  axis  or  shghtly  obliquely  to 
it  •  radicle  cylindrical,  obtuse,  less  curved  than  the  cotyledons,  which 
about  equal  it  in  length,  extending  a  little  beyond  the  cotyledons 
and  nearer  the  hilum. 


Seedling. 

Primary  root  long,  wiry,  tapering,  colourless,  with  a  few  lateral 

rootlets.  .  1 

Hypocotyl  woody,  erect,  terete,  glabrous,  green  above  ground, 

1-5-2  cm.  long.  -  '  ' 

Cotyledons  sessile,  linear,  plano-convex,  or  with  the  sides  some- 
what upturned,  making  them  grooved,  subacute,  cuspidate,  or  sud- 
denly and  obtusely  pointed,  subcoriaceous,  not  very  persistent,  deep 
green  above,  paler  beneath,  TS  cm.  long,  2-5  mm.  broad. 

Stem  shrubby,  flexuous,  much  branched  from  an  early  stage 
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onward,  terete,  minutely  pubescent,  green  ;  1st  internode  7  mm, 
long ;  2nd  4-5  mm. ;  3rd  3  mm.  ;  4th  4  mm. ;  5tli  5-75  mm. 

Leaves  simple,  entire,  cauline,  alternate,  exstipulate,  sessile, 
coriaceous,  evergreen,  with  a  prominent  midrib  on  both  surfaces, 
glabrous  or  minutely  pubescent  at  the  base  of  the  midrib  beneath, 
slightly  revolute  at  the  margin,  shining,  deep  green  above,  paler 
beneath. 

Nos.  1-5.  Lanceolate-elliptic,  obtuse,  gradually  larger  from  the 
base  upwards. 

Ultimate  leaves  lanceolate-oblong,  obtuse,  mucronate,  about 
3-4  cm.  long. 


OCHNACE^.  ■ 

Benth.  et  Hook.  Gen.  PI.  i.  316. 

Fruit  and  Seed. — The  ovary  is  central  or  excentric,  short 
and  two-  to  ten-lobed,  or  elongated  and  one-  to  ten-celled,  with 
axial  or  parietal  placentation,  or  the  ovules  are  inserted  on  the 
inflexed  margins  of  the  carpels.  Instances  of  the  short  ovary 
are  seen  in  Gomphia  and  Ochna,  a  few  of  which  are  grown  as 
stove-plants  in  this  country.  The  carpels  are  seated  on  a  large 
receptacle,  round  the  sides  of  which  they  are  arranged  and 
connected  at  the  extreme  base  with  the  central  style.  They 
are  so  widely  separated  in  the  ripe  fruit  of  Ochna  that  they 
appear  apocarpous.  The  usual  number  of  ovules  in  each  cell 
is  one  or  two,  sometimes  many ;  they  are  ascending  and  ana- 
tropous,  with  an  inferior  micropyle  and  ventral  raphe,  rarely 
pendulous  with  a  superior  micropyle.  A  one-celled  ovary  with 
three  parietal  placentas  occurs  in  Wallacea. 

The  fruit  consists  of  three  to  ten  drupes  arranged  in  a 
whorl,  as  in  Ochnese,  with  one  ovule  in  each  cell,  and  exal- 
bumuious  seeds.  In  Euthemis  it  consists  of  five  portions 
having  a  woody  endocarp,  and  albuminous  seeds.  It  is  capsular 
m  the  tribe  LuxemburgiesB  with  albuminous  seeds;  Where 
present  the  endosperm  is  fleshy.  The  testa  is  membranous  in 
most  cases,  but  is  winged  in  Luxemburgia,  thick  in  Wallacea, 
and  produced  into  a  linear  sheath  in  Cespedesia. 

The  embryo  is  generally  straight  and  terete,  but  there  are 
exceptions,  especially  amongst  the  exalbuminous  seeds.  The 
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cotyledons  are  very  thick  and  plano-convex  in  Oclina,  Gomphia, 
and  Elvasia,  with  an  exceedingly  short  radicle.  Both  the  seed 
and  the  embryo  are  annular  in  Brakenridgea,  while  the  coty- 
ledons are  linear.  Where  endosperm  is  wanting,  as  in  the 
OchnefB,  the  embryo  conforms  in  outline  to  that  of  the  seed ; 
and  when  the  latter  is  solitary  it  is  large,  and  conforms  to  the 

cavity  of  the  carpels.  In  albu- 
minous seeds  the  embryo  where 
known  is  generally  slender. 

A  good  instance  of  the 
exalbuminous  type  is  Ochna 
Kirkii. 

Seedlings. — The  cotyledons 
of  Ochna  Kirkii  (fig.  236)  are 
thick,  fleshy,  subterranean,  and 
represent  the  exalbuminous 
type.  Here  it  will  be  noted 
that  the  first  two  leaves  are 
reduced  to  scales. 

Ochna  Kirkii,  Oliv. 

Fruit  of  three  to  ten  drupes 
arranged  around  a  central,  large, 
elevated  torus  or  disk,  with  a 
gynobasic  style,  best  seen  in  the 
young  condition ;  drujDes  shortly 
oblong,  sUghtly  laterally  com- 
pressed, fixed  to  the  torus  by  an 
obhque  lateral  scar  near  the  base,  and  diverging  outwards,  glabrous 
and  shining  black  when  mature,  and  falling  away  separately; 
walls  of  drupe  comparatively  thin  with  very  Httle  pulp ;  endocarp 
subcrustaceous,  dull  greenish,  and  reticulated  internally  when 

fresh.  •  I  • 

Seed  solitary  in  each  .cell,  large,  and  conforming  to  the  mtenor 
of  the  drupe,  which  it  closely  occupies ;  testa  thin,  membranous, 
brown  ;  hilum  and  micropyle  contiguous,  close  to  or  at  the  lateral 
scar  of  the  drupe,  where  it  is  fixed  to  the  axis. 

Seedling  (fig.  236). 

Hypocotyl  short  or  none,  subterranean.  ,  •  ,        ,1  « 

Cotyledons  fleshy,  plano-convex,  filling  the  seed,  which  fills  tlie 


Fig.  236. 
Ochna  Kirkii.    Nat.  size. 
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carpel,  remaining  in  the  ground  attaching  the  seedling  to  the  fruit 
till  the  latter  is  exhausted. 

Stem  woody,  shrubby,  erect,  terete,  pale  green,  glandular-pubes- 
cent ;  1st  internode  1-2  cm.  long  ;  2nd  1-4  cm.  ;  3rd  5  mm.  ; 
4th  6  mm. ;  5th  2-5  mm. ;  6th  1-5  mm.  ;  7th  to  10th  crowded  or 
undeveloped. 

Leaves  simple,  giandular-cihate,  serrate,  cauline,  alternate, 
stipulate,  subsessile,  thickened  at  the  base  and  articulated  with  a 
raised  Imob  or  projection  of  the  stem,  glabrous,  deep  shining  green, 
and  finely  reticulate  above,  paler  beneath  and  shining ;  midrib  pro- 
minent on  both  surfaces;  stipules  small,  brown,  scarious,  rigid, 
subulate,  connate  by  their  edges  for  two-thirds  of  their  length  or 
throughout,  and  lying  between  the  leaf  and  the  stem. 

Nos.  1  and  2.  Reduced  to  small,  subulate  scales. 

No.  3.  Small,  foliaceous,  oblanceolate-linear. 

No.  4.  Much  larger,  lanceolate,  serrulate. 

Nos.  5-9  inclusive.  Lanceolate-elliptic,  acute,  serrulate. 


BURSERACE/E. 

Benth.  et  Hook.  Gen.  PI.  i.  321. 

Fruit  and  Seed. — The  typical  Burseracese  have  two  to  five 
carpels,  united  to  form  an  ovary  with  the  same  number  of  cells. 
Amyiis  and  Hemprichia  are  exceptional,  inasmuch  as  the  ovary 
is  one-celled.  The  ovules  are  attached  to  an  axial  placenta, 
above  the  middle  and  generally  near  the  top,  and  are  pendu- 
lous, anatropous,  collateral,  with  a  ventral  raphe  and  superior 
mieropyle ;  rarely  ascending.  The  usual  number  is  two,  but 
there  is  only  one  in  each  cell  of  Filicium,  and  one  in  the 
unilocular  ovary  of  Hemprichia.  The  fruit  is  drupaceous, 
consisting  of  two  to  five  connate  or  separable  pyrenes.  The 
epicarp  is  persistent,  or  splits  open  by  two  to  four  valves, 
leaving  the  pyrenes  naked.  The  latter  consist  of  the  woody 
or  bony  endocarp.  In  some  cases,  however,  the  endocarp  is 
not  bony,  and  may  even  dehisce  irregularly. 

The  seeds  are  generally  if  not  always  solitary  in  each 
loculus,  by  abortion,  very  large,  and  exalbuminous  with  a 
membranous  testa.    The  seed  of  Santiria  is  peltate,  and  the 
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fruft  of  species  of  that  genus  grows  very  unequally,  so  that  the 
style  is  sometimes  turned  on  one  side  till  close  to  the  pedicel. 
As  might  be  expected,  the  seed  generally  conforms  in  shape  to 
the  loculus  of  the  bony  endocarp.  The  embryo  is  large,  and 
occupies  the  whole  of  the  seed.  The  cotyledons  are  in  most 
cases  foliaceous,  aerial,  and  more  or  less  contorted  or  twisted 
so  as  to  occupy  the  whole  of  the  available  space ;  the  short 
radicle  is  superior.  Hedwigia  and  Amyris  have  thick,  fleshy, 
plano-convex,  or  almond-shaped  straight  cotyledons. 

Some  genera  present  still  more  remarkable  exceptions; 
such  as  Trigonochlamys,  which  has  deeply  lobed  cotyledons ; 
Santuia,  with  irregularly  cut  cotyledons ;  Bursera,  where 
they  are  sometimes  trifid  ;  and  Boswellia,  where  they  are 
multifid.  In  Canarium  commune  they  are  tripartite,  auricled 
at  the  base,  where  they  clasp  or  sheathe  the  radicle,  which  is 
stout,  fleshy,  and  projects  sHghtly  beyond  them.  Two  of  the 
cotyledonary  lobes  occupy  the  dorsal  aspect  of  the  seed,  while 
the  rest  occupy  the  ventral  part,  and  are  confusedly  contorted 
or  twisted  one  with  another.  In  the  mature  seed  they  are 
soft,  fatty,  and  taste  like  the  kernel  of  the  Brazil  Nut  (Berthol- 
letia  excelsa).  One  species  of  Bursera  has  the  cotyledons 
curved  like  a  horse-shoe,  while  the  embryo  of  Crepidospermum 
Sprucei  is  green  and  similarly  curved. 

Seedlings. — The  Order  consists  of  about  150  species,  natives 
of  the  tropical  parts  of  both  hemispheres,  and,  not  being  very 
popular  for  horticultural  purposes,  seedlings  are  seldom  to  be 
seen  in  this  country.  1  have  only  met  with  those  of  Canarium 
strictum  (fig.  237). 

In  this  species  the  first  and  several  succeeding  leaves 
are  simple,  ovate,  acuminate,  and  serrate.  The  adult  ones 
are  imparipinnate,  with  opposite  and  very  coriaceous,  serrate 
leaflets.  A  few  species  have  leaves  consisting  of  one  or  three 
leaflets  in  the  adult  stage,  and  in  some  cases  the  leaflets 
are  entire. 


Canarium  commune,  L. 

Fruit  drupaceous,  ovoid  or  ellipsoid,  trigonous,  three-celled  but 
only  one-seeded  by  abortion  of  all  the  ovules  except  one,  which  con- 
forms to  the  single  cell,  outgrowing  and  crushing  the  others;  epicarp 
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fleshy,  tliin  ;  endocarp  bony,  8-4*5  mm.  thick,  brown  and  nearly 
smooth  externally,  smooth  or  slightly  uneven  internally,  shining 
red,  closely  amalgamated  with  the  small  cord-like  axis. 

Seed  oblong,  compressed,  almond-shaped,  two-edged,  even  or 
variously  indented,  furrowed  sometimes  along  the  ventral  aspect  by 
pressure  against  the  axis  ;  testa  thin,  brown,  easily  broken  ;  hilum 
round,  near  the  apex  on  the  ventral  aspect  of  the  seed  and  collateral 
with  the  remains  and  point  of  attachment  of  the  abortive  ovule  ; 
raphe  ventral,  double,  forming  a  slightly  depressed,  black  line, 
diverging  from  the  hilum. 

Endosperm  wanting. 


 !lL=  

Fis.  237. — Canariv/m  strictum.    HaJf  nat.  size. 

Embryo  large,  fleshy,  conforming  to  the  shape  of  the  seed,  fatty, 
pale  yellowish -white,  soft,  and  tasting  like  the  kernel  of  the  Brazil 
Nut;  cotyledons  tripartite,  depressed  at  the  base  and  grasping 
the  radicle,  then  ascending,  oblong — two  segments  occupying  almost 
the  whole  of  the  dorsal  aspect  with  their  tips  incurved  and  grasping 
the  top  of  the  other  lobes,  which  are  also  decurved  at  the  base  and 
then  ascend  on  the  ventral  aspect,  becoming  confused  and  variously 
twisted  together ;  radicle  stout,  fleshy,  projecting  slightly  beyond 
the  cotyledons  and  compressed  antero-posteriorly. 

Canarium  strictum,  Roxh.  (fig.  237). 

Bypocotyl  6-8  cm.  long,  2-8  mm.  thick,  terete,  succulent 
glabrous,  pale  green.  ' 
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Cotyledons  stalked,  tripartite ;  segments  5-6  cm.  long,  1-1-25  cm.  • 
broad,  the  middle  one  lanceolate,  lateral  ones  oblique-lanceolate, 
long-acuminate,  entire,  with  shghtly  undulate  margin,  distinct  mid- 
rib, and  alternate,  incurved  nerves  and  veins,  quite  glabrous,  light 
shining  green,  somewhat  persistent. 

Stem  terete,  shallowly  ridged  and  furrowed,  covered  with  a  dense 
patent  pubescence,  pale  green,  becoming  woody ;  1st  internode 
2  cm.  long,  1-5  mm.  thick  ;  2nd  internode  6  mm.  long. 

iea-yes 'cauline,  alternate,  exstipulate,  petiolate ;  petiole  terete, 
shghtly  channelled  above,  tapering  upwards,  ascendmg,  densely 
pubescent,  2-7  cm.  long  ;  lamina  ovate,  acuminate,  or  almost  oval 
with  an  acuminate,  subacute  point,  serrate,  penninerved,  with 
alternate  ascending  nerves  ultimately  curving  forwards,  coarsely 
hairy  and  pale  green  on  both  surfaces,  shining  above,  horizontal. 


MELIACEiE. 

Benth.  et  Hook.  Gen.  PI.  i.  327. 

Fruit  and  Seed.— The  carpels  vary  from  three  to  five,  and 
are  united  into  an  ovary  of  as  many  cells.  The  most  frequent 
number  of  ovules  is  two,  and  they  are  coUateral  or  superposed, 
pendulous  or  ascending,  with  a  ventral  raphe  and  a  superior 
micropyle.  Exceptions  to  the  above  characters  occm-  in 
Elutheria,  which  has  a  one-  or  imperfectly  four-celled  ovary ; 
and  in  Chisocheton,  which  has  one  ovule  in  each  ceU;  the 
same  thing  sometimes  occurs  in  Aglaia,  Mihiea,  Amoora,  and 
Guarea.  The  ovary  of  Turr^a  varies  in  different  species  with 
from  five  to  twenty  loculi.  Numerous  ovules  occur  in  each 
cell  of  the  ovaries  of  the  species  belonging  to  the  tribes 
Swietenie^  and  Cedrelefe.  The  fruit  is  baccate,  capsular  or 
less  often  drupaceous.    Instances  of  the  latter  occur  m  Meha, 

Mallea,  and  Owenia.  ^  . 

The  seeds  are  albuminous  or  exalhummous,  varymg  how- 
ever in  the  same  genus  in  some  cases;  the  endosperm  when 
present  is  fleshy.  The  testa  is  drawn  out  mto  a  wmg  m 
Soymida,  Chickrassia,  Cedrela,  Chloroxylon,  and  Flmdersia.  A 
curious  case  occurs  in  Swietenia  and  Khaya,  where  the  coty- 
ledons and  endosperm  are  closely  adherent.  The  cotyledons  are 
fleshy  and  more  or  less  fla.ttened.  They  are  bipartite  in  Milnea 


MELIACEyE 


335 


apiocarpa  and  others ;  in  several  cases  they  lie  transversely 
to  the  seeds  ;  and  in  Carapa,  Trichilia,  and  some  others  the 
cotyledons  are  conferruminate.  They  are  unequal-sided  in 
Chickrassia,  which  has  flattened  seeds  winged  on  the  back. 
The  flattening  is  due  to  the  mutual  compression  of  the  large 
seeds,  which  vary  from  two  to  five  in  each  cell  of  the  capsule. 
An  aril  is  present  in  many  genera,  and  in  some  cases  it  is 
united  or  confluent  with  the  testa;  but  more  frequently  it 
simply  surrounds  the  whole 
seed. 

Seedlings. —  This  Order 
numbers  some  270  species, 
but  few  are  of  frequent  oc- 
currence in  this  country, 
with  exception  perhaps  of 
MeHa  Azedarach  (fig.  238). 
There  are  several  types  of 
seedlings.  In  Walsura  pis- 
cidia  (fig.  239)  the  coty- 
ledons are  fleshy,  shortly 
petiolate,  and  strictly  sub- 
terranean. The  first  pair 
of  leaves  in  Melia  Azedarach 
is  tripartite,  with  cuneate, 
cut,  or  deeply  toothed  seg- 
ments. Succeeding  ones 
vary  m  the  amount  of  divi- 
sion till  they  become  bi-  to 
tri-pinnate.  Although  the 
first  four  are  in  opposite  pairs,  the  rest  are  alternate.  A  notice- 
able pomt  in  Walsura  piscidia  is  that  the  first  pair  of  leaves  is 
small  and  scaly,  followed  by  two  pairs  of  small  but  foliaceous 
ones.  Succeeding  ones  to  the  ninth  are  larger,  alternate,  and 
entn-e.  Some  species  of  Walsura  have  trifoliolate  or  pinnate 
leaves. 

Melia  Azedarach,  L.  (fig,  288). 

Eypocotyl  erect,  terete,  pale  green,  pubescent,  about  8-4  cm 
above  the  soil. 


Fig.  238. — Melia  Azedarach. 
Half  nat.  size. 
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Cotyledons  linear -oblong,  obtuse,  narrowed  to  a  short  petiole, 
glabrous  except  the  upper  side  of  the  petiole,  ultimately  revolute  at 
the  sides,  falling  away  early,  about  1-2  cm.  long  including  the 
petiole,  2-5  mm.  broad. 

Stem  erect,  terete,  pale  green,  covered  with  short  upwardly 
incurving  hairs ;  1st  internode  1-65  cm.  long ;  2nd  1-5  cm. ;  3rd 
1-1  cm. 

Leaves  compound,  cauline,  alternate  (1st  and  2nd  and  sometimes 
the  3rd  and  4th  in  almost  opposite  pairs),  exstipulate,  petiolate, 
thinly  and  finely  pubescent  above,  slightly  revolute  at  the  margin, 
deep  or  bright  shining  green  above,  pale  and  glabrous  beneath ; 

petioles  convex  on  the  back,  with  a 
slender  channel  on  each  side  of  the 
prominent  midrib  on  the  upper  face, 
pubescent  with  upwardly  incurving 
hairs. 

Nos.  1  and  2.  Subopposite,  tri- 
partite ;  lateral  segments  oblong- 
lanceolate,  subacute,  with  a  large  tooth 
on  the  middle  of  the  posterior  side; 
terminal  lobe  cuneate-rhomboid,  pin- 
natifid. 

Nos.  3  and  4.  Alternate  or  sub- 
opposite,  pinnate,  pinnatifid ;  basal 
pair  of  leaflets  ovate,  acute,  deeply 
pinnatifid  at  the  base  and  less  deeply 
so  or  toothed  upwards  ;  terminal  leaflet 
triangular  pinnatipartite  at  the  base 
and  pinnatifid  upwards,  with  the  basal 
and  larger  segments  lobed,  the  rest 
entire. 

No  5.  Pinnately  five-foholate  ;  basal  paii- of  leaflets  pmnatipar- 
tite  at"  the  base  and  less  deeply  cut  upwards;  middle  pair  ovate, 
cuneate  a  the  base,  pinnatifid;  terminal  leaflet  tnangular  acu^ 
mTnate!  cuneate,  and  pinnatipartite  at  the  base,  becommg  gradually 

^^^^£L:tr pinnate;  leaflets  ovate,  —  c^ 
and  obtusely  serrate,  frequently  lobed  or  segmented  on  the  posterior 
basal  side. 

Walsara  piscidia,  Boxb.  (fig.  239). 
I-hjpocotyl  generally  subterranean. 
Cotyledons  fleshy,  remaining  in  the  seed. 


Fig.  239. — Walsura  piscidia. 
Nat,  size. 
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Stem  woody,  erect,  terete,  pubescent,  soon  becoming  brown  and 
throwing  off  the  epidermis ;  1st  internode  2*9  cm.  long ;  2nd 
8-45  cm. ;  3rd  1-5  mm. ;  4th  3-75  mm. ;  5th  1-5  mm. ;  6th  2-25  mm. ; 
7th  5  mm. ;  8th  6  mm. 

Leaves  simple,  ultimately  pinnate,  cauHne,  alternate,  exstipulate, 
petiolate,  glabrous,  coriaceous,  penninerved,  deep  green  above,  paler 
beneath  ;  petioles  channelled  above,  pubescent,  short. 

Nos.  1  and  2.  Opposite,  reduced  to  small,  brown  scales. 

Nos.  8-6.  Small,  aggregated,  oval,  emarginate,  entire. 

Nos.  7-9.  Much  larger,  oval,  emarginate,  otherwise  entire. 


ILICINE^. 

Benth.  et  Hook.  Gen.  PI.  i.  355. 

Fruit  and  Seed. — The  Order  contains  some  150  species,  all 
of  which  belong  to  the  genus  Ilex  with  four  exceptions.  The 
ovary  is  mostly  made  up  of  three  to  five  carpels,  rarely  six 
to  eight  as  in  some  species  of  Ilex.    The  three  species  of 
Byronia  however  vary  with  ten  to  eighteen  carpels.  The 
ovules  are  solitary  or  gemmate  in  different  species  of  Ilex, 
pendulous  from  the  tip  of  axile  placentas,  collateral  and  ana- 
tropous ;  in  Nemopanthes  they  are  solitary.     The  raphe  is 
dorsal,  rarely  lateral,  with  a  superior  radicle.    The  fruit  is 
drupaceous,  with  a  very  thin  succulent  layer  surrounding  a 
bony,  crustaceous,  or  rarely  cartilaginous  endocarp.  When 
the  carpels  are  mature  they  are  separable  into  as  many  pyrenes, 
each  containing  a  solitary  pendulous  seed  conforming  to  the 
cavity.    The  testa  is  membranous,  surrounding  a  copious 
fleshy  endosperm,  in  which  the  mmute  embryo  is  embedded 
close  to  the  superior  hilum.    The  embryo  is  straight.  The 
common  Holly  (Ilex  Aquifolium)  is  a  good  type.    The  fruit 
consists  of  four  pyrenes,  and  is  small,  as  in  all  other  species  of 
the  Order.    The  embryo  is  globose  or  obovoid,  with  the  coty- 
ec  ons  about  equal  to  the  blunt  radicle.    The  funicle  forms  a 
little  cap  surmounting  the  upper  end. 

Ilex  Aquifolium,  L.  (fig.  240). 
hiev^Uooie7^^         ^^^^^^^^  downwards,  colourless,  with  a  few 
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Hypocotyl  woody,  erect,  terete,  glabrous,  colourless  at  the  base 
and  green  upwards,  3-8  cm.  long. 

Cotyledons  ovate,  obtuse,  entire,  cori- 
aceous, glabrous,  deep  green,  shortly 
petiolate ;  petiole  about  1  mm.  long ; 
lamina  13  mm.  long,  6  mm.  broad. 

Stem  woody,  erect,  terete  or  slightly 
angled  from  the  decurrent  nature  of  the 
petioles,  glabrous,  green;  1st  internode 
8  mm.  long ;  2nd  1  mm. ;  3rd  and  4th,  both 
belonging  to  a  second  year's  growth,  each 
1  mm.  long ;  5th  4  mm. ;  Gth  3-5  mm. 


Pig.  240.— I7ea!  Aquifoliuni. 
Nat.  size. 


Fig.  iH.—Hcx  myrtifolia. 
Nat.  size. 


Leaves  aimple,  oauUne.  alternate,  stipulate. 
eoriaeeous.  glabroas,  dark  S-«°  ^^^^^^^ 
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said  to  be  absent  from  the  Order,  but  in  seedlings  and  in  the  young 
growth  of  the  above-named  species  small  stipule-like  bodies  are 
present  as  described). 

No.  1.  Oblong-ovate,  serrate,  teeth  acute,  spiny. 

No.  2.  Lanceolate-oblong,  teeth  similar. 

End  of  growth  of  first  season. 

Nos.  3  and  4.  Spathulate,  serrulate  scales. 

No.  5.  Broadly  oblong,  obtuse,  cuneate  at  the  base,  serrate, 
teeth  spiny. 

No.  6.  Oblong,  acuminate,  cuneate  at  the  base,  serrate,  teeth 
rather  distant  and  spiny. 

Ilex  myrtifolia,  Lam.  (fig.  241). 

Eypocotijl  woody,  erect  (or  decumbent— accidental?),  dull  green, 
1'3  cm.  above  the  soil. 

Gokjledo7is  ovate,  obtuse,  emarginate,  persistent,  shortly  petio- 
late,  glabrous,  deep  green,  alternately  but  obscurely  penninerved  ; 
lamina  7-9  mm.  long,  3-4-5  mm.  broad  ;  the  cotyledons  of  some  of 
the  seedlings  are  so  narrow  as  to  be  oblong,  otherwise  they  do  not 
differ  from  the  type  ;  petiole  flattened  or  shghtly  grooved  above, 
r25-2-25  mm.  long. 

Stem  woody,  erect,  terete,  dull  green,  minutely  pubescent ;  1st 
internode  4  mm.  long  ;  2nd  2  mm.  ;  3rd  3  mm. ;  4th  4  mm. ;  6th 
5-25  mm.  ;  6th  and  7th  each  8  mm. ;  8th  9  mm. ;  9th  1*2  cm  • 
10th  1-5  cm. 

Leaves  obscurely,  alternately  penninerved,  with  the  midrib  and 
primary  vems  somewhat  of  a  milky-white,  paler  beneath  ;  petioles 
very  short,  channelled  above  ;  stipules  small,  subulate,  acute,  black, 
deciduous,  or  rather  caducous. 

Nos.  1-5  inclusive.  Oval,  obtuse,  apiculate,  with  a  few  acute 
sen-atures  on  each  side. 

Nos.  6-10  inclusive.  Oblong,  obtuse,  apiculate,  distantly  and 
acutely  serrate  on  the  upper  half. 


CELASTRINE.E. 

Benth.  et  Hook.  Gen.  PL  i.  357. 

Fmit  and  Seed.— The  ovary  is  two-  to  five-,  very  frequently 
four- celled  as  in  many  species  of  Euonymus,  although  this  is 
not  constant  even  on  the  same  tree.  One-celled  ovaries  are  ex- 
ceptional, but  occur  in  Llavea,  Glossopetalum,  and  Cathastrum. 

2  2 
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The  ovules  generally  number  two  in  each  loculus,  ascend- 
ing^ from  the  base  of  an  axile  placenta,  anatropous,  with  a 
ventral  raphe  and  an  inferior  micropyle.   In  other  cases  they 
vary  with  one  to  many  ascending  ovules,  while  another  type  has 
pendulous  ovules  with  a  dorsal  raphe  and  superior  micropyle. 
Sohtary  erect  ovules  occur  in  Hartogia,  Ptelidium,  Mygnida, 
Fraunhofera,  Schtefferia,  and  Caryospermum.  From  four  to  six 
or  more  ovules  occur  in  a  number  of  genera,  includnig  Lopho- 
petalum   Cathastrum,  Kolioona,  Alzatea,  Putterhckia,  Den- 
hamia,  Wimmeria,  and  Goupia.    The  number  varies  consider- 
ably in  different  species  of  Euonymus,  although  two  are  most 
common.    In  Cassine  the  solitary  ovule  is  pendulous  from  the 
top  of  the  placenta.    The  fruit  is  capsular  (more  or  less 
winged  in  Euonymus)  or  baccate,  drupaceous,  or  samaroid  and 
indehiscent  with  one-seeded  cells.    The  testa  is  crustaceous, 
membranous,  fleshy,  or  spongy,  and  in  Perrottetia  it  is  many- 
ribbed  with  a  moderately  prominent  raphe  and  more  or  less 
covered  with  a  large  cap-  or  boat-shaped  arilloid  funicle  or 
sometimes  it  is  winged,  as  in  Kokoona,  Alzatea,  and  Hippocratea. 
The  seeds  of  many  of  the  genera,  including  Caryospermum, 
Sch^efferia,  Mortonia,  Tripterygium,  El^eodendron,  and  some 
species  of  Myginda,  are  not  furnished  with  an  aril.  The  endo- 
sperm is  generally  copious  and  fleshy.    The  embryo  is  usually 
very  large,  flat,  and  straight,  often  nearly  equal  to  the  endo- 
sperm in  length  and  breadth.    Sometimes  it  is  Imear  and 
axile  and  in  Perrottetia  it  is  minute  and  basal.  An  exceptional 
case  occurs  in  Euonymus  fimbriatus,  which  has  more  or  less 
undulated  or  twisted  cotyledons,  and  a  curved  radicle,  in 
some  genera  the  embryo  is  green.    The  cotyledons  are  mos^y 
flat  and  foUaceous  ;  and  the  radicle  is  generaUy  mferior  mth 
•  the  exceptions  mentioned  in  which  the  ovules  and  seeds  are 

^''luonymus  europ^us  (fig.  242)  may  be  given  as  a  good 
type  of  the  Order.  Euonymus  latifohus  has  arger  seeds  and 
a  relatively  broader  embryo.  To  this  type  belongs  E.  hm- 
briatus.    Both  have  pendulous  ovules. 

Maytenus  boaria  agrees  with  Euonymus  em^opa^us  i  the 
insertion  and  direction  of  its  ovules,  but  the  seeds  are  ^^^^^^^^^^ 
or  oval ;  and  the  coty  edons  are  oblong,  rounded  at  both  ends, 
and  trinerved. 
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Seedlings. — The  seedlings  observed  were  all  similar  inhabit 
and  agree  in  all  main  particulars,  having  aerial,  foliaceous, 
rather  persistent  cotyledons  alternately  penninerved  and  reti- 
culate with  incurved  veins.  In  Euonymus  europsBus  (fig.  243) 
they  are  entire ;  in  Maytenus  boaria  (fig.  244)  broadly  ob- 
long, blunt,  shortly  petiolate,  and  emarginate.  They  are 
also  emarginate  in  Celastrus  paniculatus,  in  which  they 


Fig.  242. — Euonymus  europaus. 
A,  vertical  section  of  seed,  x  8.    B,  transverse  section  of  seed,  x  8  (from  below 
middle).    C,  ventral  aspect  of  seed,  x  8  :  jff,  hilum;  Ba,  raphe. 

do  not  otherwise  materially  differ  from  those  of  Euonymus 
europseus.  The  leaves  of  the  seedlings  in  all  the  three  cases 
are  very  similar  to  those  of  the  adult  plant.  The  stipules  of 
the  primary  leaves  are  more  evident  in  Celastrus  paniculatus 
than  in  the  other  cases  where  they  seem  to  be  absent. 

Euonymus  europaeus,  L.  (fig.  242). 

Pistil  syncarpous,  superior  ;  ovary  of  four  to  five  carpels,  four-  to 
ave-,  usually  four-celled,  with  two  collateral  ovules  in  each  cell ; 
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ovules  erect,  anatropous,  surrounded  at  tlie  base  by  a  funicular  aril, 
cupular  at  first,  but  after  fertilisation  growing  up  and  entirely  sur- 
rounding the  seed. 

Fruit  a  capsule  four-  to  five-celled,  two-  to  five-seeded,  as  one  of 
the  ovules,  sometimes  both,  is  always  abortive,  four-  to  five-lobed, 
subturbinate,  glabrous,  green,  becoming  red  as  it  matures,  dehiscing 
loculicidally. 

Seed  obovoid,  slightly  compressed  laterally,  smooth,  white 
and  shining,  closely  and  entirely  invested  with  a  scarlet,  slightly 
B 

C 


Fig.  243. — Euonymus  europteus. 
A,  seedling.    Half  nat.  size.    B  and  C,  ultimate  leaves,  showing  two  shapes. 

wrinkled,  funicular  aril,  which  is  attached  to  the  oblong-linear 
hilum  stretcliing  along  nearly  the  whole  side  of  the  seed  to  the  inner 
angle  of  the  cell ;  raphe  pale  yellow,  continued  from  the  ^^l^^^^^^";- 
the  broad  upper  end  of  the  seed  to  the  chalaza  seated  at  the  top 
the  dorsal  aspect.    Seed  albuminous. 

Endosperm  abundant,  fleshy,  firm,  and  white,  entu-ely  surround- 
ing the  embryo,  f  flip 

Embryo  straight,  flat,  central,  pale  green,  extendmg  fjom  tue 
micropyle  to  within  -25  mm.  of  the  apex  of  the  endosperm ;  cotyledons 
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foliaceous,  ovate  or  oblong-ovate,  obtuse,  flat,  applied  to  each  other 
face  to  face,  pale  green,  4-25  mm.  long,  3  mm.  broad  ;  radicle 
cylindrical,  obtuse,  l-25-l"5  mm.  long. 

SeedUng  (fig.  243). 

Primary  root  tapering,  flexuous,  giving  off  flexuous  lateral 
rootlets. 

Hypocotyl  woody,  erect,  terete,  glabrous,  deep  green,  with 
scattered  white  points  and  short  lines,  about  3'8  cm.  long. 

Cotyledons  large,  foliaceous,  oval-oblong,  rounded  at  the  end, 
alternately  penninerved  and  reticulate,  petiolate,  glabrous,  deep 
green  above,  pale  beneath,  cori- 
aceous, rather  persistent ;  lamina 
21  cm.  long,  1"3  cm.  broad ;  petiole 
grooved  above,  2' 5  mm.  long. 

Ste7n  woody,  erect,  subangled, 
deep  green,  glabrous,  marked  with 
white  spots  (lenticels) ;  1st  inter- 
node  1*5  cm.  long  ;  2nd  3*5  mm. 

Leaves  simple,  serrulate,  cauline, 
opposite,  stipulate,  petiolate,  gla- 
brous, irregularly  penninerved,  reti- 
culate, deep  green  above,  paler  be- 
neath ;  petioles  semiterete,  grooved 
above ;  stipules  very  small,  lacerated, 
brownish. 

1st  pair  lanceolate-elhptic,  acute, 
irregularly  serrulate. 

2nd  pair  similar  but  smaller. 

Ultimate  leaves  ovate-oblong  or 
oblong,  suddenly  narrowed  at  both 
ends,  or  lanceolate-elliptic,  tapering 
to  both  ends  and  acute,  slightly 
irregularly  crenate-serrulate,  gla- 
brous, deep  green  above,  paler 
beneath. 

Celastrus  paniculatus,  Willd. 

Hypocotyl  woody,  erect,  terete,  densely  pubescent,  soon  becom- 
ing brown,  1-5  cm.  above  the  soil. 

Cotyledons  foliaceous,  oblong,  obtuse,  more  or  less  distinctly 
emarginate,  petiolate,  coriaceous,  obscurely  penninerved  with  alter- 
nate, ascending  nerves,  glabrous,  green  above,  much  paler,  almost 


Fig.  244. 

Maytenus  boaria. 
Nat.  size. 
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yellowish,  beneath  ;  lamina  2-6  cm.  long,  1-5  cm.  broad;  petiole 
grooved  above,  pubescent  on  the  back,  2-5  mm.  long. 

Stem  woody,  erect,  terete,  much  kneed  and  flexuous  in  a  zigzag 
manner,  densely  pubescent,  pale  green,  soon  becoming  brown ; 
1st  internode  5  mm.  long  ;  2nd  G-75  mm. ;  3rd  1-2  cm. ;  4th  1-7  cm. ; 
6th  2-15  cm. ;  6th  3  cm. ;  7th  2-G5  cm. 

Leaves  simple,  cauline,  alternate,  stipulate,  petiolate,  deep  green 
and  glabrous  above,  paler  and  pubescent  beneath,  alternately  and 
incurvedly  penninerved,  reticulate,  serrate,  the  serratures  with  in- 
curved glandular  or  mucronate  tips  ;  stipules  small,  triangular, 
serrate  or  lacerated,  soon  becoming  brown,  caducous  ;  petioles  short, 
channelled  above,  rounded  on  the  back,  pubescent. 

Nos.  1  and  2.  Small,  elliptic,  subacuminate,  obtuse,  apiculate. 

Nos.  8-6  inclusive.  Gradually  and  successively  larger,  elHptic, 
acuminate,  obtuse,  tapering  almost  equally  to  both  ends,  apiculate. 

Maytenus  boaria,  Molin.  (fig.  244). 

Hypocotyl  erect,  terete,  glabrous,  3-6  cm.  long,  reddish. 

Cotyledons  oval,  obtuse,  emarginate,  shortly  petiolate,  coriaceous, 
1-5-2  cm.  long,  glabrous,  dark  green,  reticulate,  hke  the  first 
leaves. 

Stem  herbaceous,  erect,  square,  rough  with  minute  hairs  ;  1st 
internode  4-10  mm.  long  ;  2nd  and  succeeding  ones  2-4  mm. 

First  leaves  simple,  cauline,  alternate,  shortly  petiolate,  oval, 
dentate  or  sHghtly  serrate,  acute,  glabrous,  bright  green,  somewhat 
paler  beneath  ;  midrib  with  numerous  branched  veinlets. 


RHAMNE^. 

Benth.  et  Hook.  Gen.  PI.  i.  371. 

Fruit  and  Seed— The  ovary  is  usually  three-ceUed,  but  two 
to  four  cells  also  occur.  The  ovules  are  solitary,  erect,  and  aua- 
tropous.  Exceptions  occur  in  Karwinskia,  where  there  are  two 
ovules  in  each  cell,  and  the  same  thing  happens  in  CondaUa 
when  two  ceUs  of  the  ovary  become  confluent  in  one.  The  raphe 
is  dorsal  or  rarely  lateral,  and  the  micropyle  inferior.  The 
fruit  is  superior  or  more  or  less  submerged  in  the  receptacle, 
and  when  mature  is  three-,  rarely  one-  to  four-celled,  and  cap- 
sular, drupaceous,  or  separating  more  or  less  into  cocci  with  a 
woody  endocarp  opening  at  the  top.    The  seeds  are  ovoid  or 
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more  or  less  flattened,  sometimes  arillate  at  the  base.  The 
testa  is  loose  and  membranous,  or  crustaceous  or  leathery. 
Endosperm  is  nearly  always  present,  and  fleshy.  The  embryo 
is  large  and  straight,  with  flat,  rarely  curved  or  bent  cotyledons, 
as  in  Ehamnus  davuricus ;  and  the  inferior  radicle  is  short. 
Striking  exceptions  in  the  Order  occur  m  Ventilago  and 
Smythea,  which  have  a  one-celled,  one-seeded  fruit,  and  ex- 
albummous  seeds.    Those  of  Ventilago  are  globose,  and  the 


Fig.  246. — Bhamnus  davuricus.    Half  nat.  size. 


cotyledons  are  thick  and  fleshy ;  but  the  seeds  of  Smythea  are 
more  flattened.  The  fruit  of  Yentilago  is  produced  into  a  long 
wing. 

Seedlings. — There  are  several  types  of  seedlings  in  this 
Order  judging  from  the  variation  amongst  the  seeds  and  their 
contained  embryos,  but  they  do  not  often  come  under  ob^ 
servation  in  this  country.  Ehamnus  davuricus  (fig.  246) 
Diay  be  given  as  one  type  having  aerial  foHaceous  cotyle- 
dons.   The  broad,  shallow  sinus  at  their  apices  seems  to  be 
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due  to  the  form  of  the  seed  and  the  way  they  are  bent 
m  conformity  with  it.  Colletia  cornuta  (fig.  246)  differs 
chiefly  in  the  cotyledons  being  suborbicular  and  rounded  at 
the  apex. 

Rhamnus  davuricus,  Pall.  (fig.  245). 

Hypocotyl  erect,  terete,  rather  short,  soon  becoming  brown  and 
woody,  12-18  mm.  above  the  soil. 

Cotyledons  broader  than  long,  almost  nbreniform,  with  a  broad 
shallow  apical  sinus,  suddenly  cuneate  at  the  base,  five-nerved,  the 
middle  nerve  bifurcate  some  distance  below  the  apex,  and  the  lateral 
ones  much  branched  laterally  and  incurved  at  the  apex,  where  they 
unite  with  the  middle  one,  enclosing  an  obcordate  space,  the  basal 
ones  short  and  slender,  uniting  upwards  -v^ith  the  lateral  branches 
of  the  last  two,  glabrous,  much  reticulated,  as  seen  when  examined 
by  transmitted  light,  shining  on  both  surfaces,  deep  green  above, 
paler  beneath ;  lamina  10-12  mm.  long,  14-16  mm.  wide ;  petiole 

semiterete,  flattened  above,  3-4  mm. 
long. 

Stem  erect,  terete,  glabrous, 
green,  soon  becoming  brown  and 
striated  or  reticulated  by  spHtting  of 
the  bark,  woody  ;  1st  iuternode  about 
15-16  mm.  long  ;  2nd  4-6  mm. ;  3rd 
18-20  mm. 

Leaves  simple,  cauline,  alternate, 
stipulate,  petiolate,  alternately  in- 
curvinerved,  subcoriaceous,  shining 
on  both  surfaces,  deep  green  above, 
paler  beneath,  and  closely  reticulated, 
glabrous,  or  glandular-pubescent  at 
the  margin  when  young;  petiole 
short,  semiterete,  flattened  above  ;  stipules  slender,  subulate,  acu- 
minate, pale  green,  seated  on  the  junction  of  petiole  and  stem,  soon 

becoming  brown,  deciduous. 

Nos.  1  and  2.  Oblong-lanceolate,  shallowly  and  distantly  serrate 

with  intermediate  minute  serratnres  or  setfe. 

Nos.  3  and  4.  Oblong,  otherwise  similar,  but  larger. 

Nos.  5-9.  Oblanceolate-oblong,  acuminate,  tapering  at  the  base. 

Colletia  cornuta  (fig.  246). 

Hypocotjjl  eveGt,tovete,  glabrous,  10-14  mm.  long,  green,  almost 
colourless  near  the  soil. 


Fig.  246. — Colletia  cornuta,  x  2. 
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Cotyledons  snbrotund  or  oval,  obtuse,  entire,  sometimes  slightly 
cordate  at  the  base,  coriaceous,  shortly  petiolate,  glabrous,  dark 
green,  pinnatinerved,  the  lower  veins  much  longer  than  the  others. 

Stem  erect,  terete,  glabrous,  herbaceous  at  first ;  1st  internode 
3-6  mm.  long,  2nd  shorter. 

First  leaves  simple,  opposite,  cauline,  lanceolate,  acute,  serrate, 
petiolate,  stipulate,  glabrous,  hght  green,  pinnatinerved. 


AMPELTDEiE. 

Benth.  et  Hook.  Gm.  PI.  i.  386. 

The  ovary  here  is  also  more  or  less  sunk  in  the  receptacle, 
and  consists  of  two  to  six  carpels  united  so  as  to  form  as  many 
cells.  In  the  genus  Vitis,  which  includes  by  far  the  largest 
number  of  species,  the  ovary  is  mostly  two-,  rarely  three-  or 
four-celled.  The  ovules  are  geminate,  collateral,  ascending, 
and  anatropous  in  Vitis  and  Pterisanthes,  where  the  ovary  is 
most  frequently  bilocular ;  but  in  Leea,  where  the  ovary  is  from 
three-  to  six-celled,  the  ovules  are  solitary  and  erect.  The 
raphe  is  ventral  and  the  micropyle  inferior.  The  fruit  is 
always  baccate  with  from  one  to  six  cells  according  to  the 
genus,  or  it  may  become  one-celled  by  the  destruction  of  the 
septa  during  ripening ;  each  cell  contains  one  or  two  seeds. 
The  latter  are  always  solitary  in  the  loculi  of  Leea.  The 
outer  coat  of  the  seed  is  bony,  the  inner  one  membranous,  and 
both  are  often  pushed  into  the  endosperm,  making  it  ruminate. 
In  Vitis  vinifera,  there  are  two  longitudinal  furrows  or  inden- 
tations of  this  kind  on  one  side  of  the  seed  with  a  corresponding 
ridge  between  them.  The  embryo  is  minute  with  oval  coty- 
ledons, and  lies  embedded  in  the  cartilaginous  endosperm  close 
to  the  hilum.  The  seeds  of  Leea  have  a  more  decidedly 
ruminate  albumen,  and  the  straight  or  slightly  curved  embryo 
although  small  has  subfoHaceous  cotyledons. 

The  cotyledons  are  ovate  or  subcordate,  obtuse  or  acute, 
arid  five-nerved.  The  middle  pair  of  nerves  does  not,  how-ever, 
always  spring  from  the  base  of  the  lamina,  but  sometimes  at 
a  greater  or  less  distance  above  it.   Vitis  cebennensis  (fig.  248) 
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may  be  given  as  a  good  type  of  those  with  short-petioled  coty- 
ledons. V.  cehennensis  and  V.  Cynthiana  agree  both  in  the 
cotyledons  and  the  primary  leaves.  The  first  one  is  cordate 
and  coarsely  dentate- serrate,  the  second  subtrifid.  The  first 
leaf  of  V.  Cynthiana  is  sometimes  at  least  as  far  advanced 
as  the  second  in  other  cases.  A  very  distinct  type  is  met 
with  in  V.  hypoglauca  (fig.  247),  where  the  hypocotyl  remains 
undeveloped  and  the  broadly  cordate,  obtuse  cotyledons  are 
carried  up  on  very  long  petioles.  The  first  leaf  is  a  small 
scale. 

Parthenocissus  tricuspidata  is  probably  a  species  of  Vitis, 
as  its  cotyledons  agree  very  fairly  with  those  of  V.  cehennensis. 
The  first  leaf  is  tripartite,  with  cuneate,  serrated,  hairy  seg- 
ments. 

Parthenocissus  tricuspidata,  Planch.  | 

Hypocotyl  erect,  terete,  glabrous,  2-2*5  cm.  long,  red. 

Cotyledons  almost  triangular,  with  rounded  edges,  obtuse,  entire, 
petiolate,  glabrous,  green,  pinnatinerved,  with  the  nerves  near  the 
base  more  prominent ;  petioles  l'5-2  cm.  long,  channelled  on  the 
upper  side. 

Stem  erect,  herbaceous,  ultimately  woody,  red;  1st  intemode 

1-  1-5  mm.  long. 

First  leaves  simple,  digitate,  cauline,  alternate,  petiolate,  stipu- 
late, trifoholate,  trinerved  ;  leaflets  lanceolate,  acute,  coarsely 
serrate,  ciliate,  covered  with  short  stiffish  hairs,  green  with  a  reddish 
tinge,  pinnatinerved  ;  petioles  long,  reddish,  channelled  on  the  upper 
side,  slightly  hairy  ;  stipules  membranous,  reddish,  oblong,  enthe. 

Vitis  hypoglauca,  F.  Muell.  (fig.  247). 

mjpocotyl  short  and  subterranean,  terete,  tapering  downwards. 

Cotyledons  large,  unequal,  cordate  or  rotund- cordate,  obtuse, 
strongly  trinerved  with  two  lateral,  shorter  ones  at  the  base,  reti- 
culate, petiolate,  glabrous,  shining  on  both  surfaces,  deep  green 
above,  paler  or  subglaucous  beneath  ;  lamina  of  the  larger  one 

2-  9-3-9  cm.  long,  2-6-3-1  cm.  wide ;  lamina  of  the  smaller  one 
2-8-3-4  cm.  long,  2-4-2-9  cm.  wide;  petioles  long,  semiterete, 
shaUowly  grooved  above,  glabrous,  colourless  or  pinkish,  6-8-5  cm. 
long,  often  slightly  unequal,  with  the  larger  one  having  the  longest 
petiole  by  3-7  mm. 

Stem  erect  at  first,  terete,  slender,  glabrous,  pale  green,  ulti- 
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mately  climbing  and  woody,  zigzag  or  flexuose  at  the  nodes  ;  1st 
internode  1-9  mm.  long  ;  2nd  7-81  mm.  long.' 

Leaves  simple,  cauline,  alternate,  stipulate,  petiolate,  three-  to 
five-nerved  at  the  base,  strongly  alternately  nerved  upwards,  reticu- 
late, shining  on  both  surfaces,  at  least  when  young,  deep  green  above, 
paler  or  glaucous  beneath,  glabrous ;  stipules  half-ovate,  membranous 


Fig.  247. — Vitis  Injpoglauca.    Half  nat.  size. 

colourless,  small;  petioles  semiterete,  channelled  above,  tapering 
slightly  upwards,  glabrous,  pale  green  or  stained  with  red. 

No.  1.  (following  a  short  internode).    Very  small  or  minute, 
lanceolate,  acute,  entire,  or  one-  to  two- 
toothed  at  the  sides,  much  reduced  and 
scale-like. 

No.  2.  Triangular  acute,  cordate  or 
almost  truncate  and  five-nerved  at  the 
base,  and  alternately  nerved  upwards, 
irregularly  dentate  with  rather  cuspidate, 
acute  teeth. 


Vitis  cebennensis,  Jord.  (fig.  2'48). 

Sijpocotyl  suffrutescent,  erect,  terete, 
soon  becoming  brown,  glabrous,  1-2  cm. 

°'  Fig.  248. — Vitis  cebennensis. 

Cotyledons  ovate,  entire,  subacumi-  Half  nat.  size, 

nate  glabrous,  five-nerved,  nerves  incurved,  2-35  cm.  long  1-G5  cm 
broad ;  petiole  deeply  grooved  above,  suberect,  8  mm.  lofg. 
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Stem  erect  at  first,  afterwards  climbing,  suifrutescent,  pale  green 
suffused  with  red  when  young,  glabrous,  flexuose,  tbickened  at  the 
nodes,  succulent  when  young;  1st  internode  1-35  cm.  long;  2nd 
7  mm. ;  3rd  9  mm.  ;  4th  I'S  cm. 

Leaves  palmately  five-nerved,  glabrous  except  for  the  minutely 
ciliate  margin,  subrugose ;  petioles  subterete,  reddish;  stipules 
ovate,  subacute,  serrulate  at  the  margin,  hyaline,  deciduous,  mem- 
branous. 

No.  1.  Cordate,  subacuminate,  with  large  mucronate  teeth. 
No.  2.  Cordate,  subtrilobate,  otherwise  like  No.  1. 
No.  8.  Broadly  cordate,  palmately  five-lobulate. 
No.  4.  Similar  to  the  last. 

Uhimate  leaves  broadly  cordate,  mucronate,  palmately  five- 
nerved  and  -lobulate,  serrate-dentate  with  mucronate  serratures, 
pubescent  on  the  principal  nerves  on  both  surfaces  ;  petiole  pubes- 
cent, terete,  striate,  crimson,  as  are  the  principal  nerves. 


f 
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Fruit  and  Seed.— The  carpels  vary  from  one  to  four,  but 
three  is  the  most  common  number.  There  are  usually  two  m 
the  species  of  Acer  and  Negundo,  although  three  occasionally 
occur.  In  Dodon^a  there  are  five  or  six.  Dobmea  is  a  re- 
markable exception,  inasmuch  as  the  ovary  consists  of  a  smgle 
carpel  with  a  solitary  erect  ovule.  In  other  cases  the  carpels 
are  united  to  form  an  ovary  of  many  cells  with  axile  placentas, 
or  the  ovary  may  be  deeply  lobed,  sometimes  divided  to  the 
base  into  as  many  lobes  as  carpels,  arranged  excentrically 
around  a  gynobasic  style,  as  occurs  in  some  Ochnaces  and 
Phytolaccace^.  The  ovules  are  one  or  two,  rarely  more, 
in  each  cell,  anatropous,  campylotropous,  or  amphitropous 
attached  to  an  axile  placenta,  and  ascending  with  a  ventra 
raphe  and  inferior  micropyle.  They  are  very  rarely  horizon  al 
and  numerous,  or  inverted.  The  fruit  contams  as  many  cells 
as  there  were  carpels  in  the  ovary,  but  is  sometimes  one-celled 
by  abortion,  and  in  Dobinea  is  always  one-celled.  V^hen 
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mature  it  forms  a  woody,  coriaceous,  or  membranous  capsule 
dehiscing  in  various  ways,  or  is  indehiscent.  In  other  cases 
it  is  baccate  or  drupaceous,  undivided  or  lobed,  or  consists  of 
two  or  three  samaras  as  in  Acer  and  Negundo.  The  fruit  of 
Dobinea  is  an  achene.  The  seed  is  globose,  or  laterally  com- 
pressed, sometimes  arillate ;  exalbuminous  in  Sapindese, 
Acerineae,  and  Dodonseee  ;  and  albuminous  in  MeliantheaB  and 
Staphyleffi.  The  testa  is  woody,  crustaceous,  or  membranous. 
The  embryo  is  generally  very  large  and  flat,  or  more  often 
spirally  or  circinately  coiled  or  conduplicate,  transversely 
bipHcate,  wrinkled  or  wavy,  with  green  or  yellow  foHaceous 
cotyledons,  or  the  cotyledons  are  thick  and  fleshy,  sometimes 
conferruminate,  and  occasionally  unequal.  The  radicle  •  is 
short  and  mferior,  sometimes  elongated  and  straight,  or 
curved  upwards,  or  ascending  towards  the  micropyle. 

The  leading  types  of  the  Order  may  be  roughly  classified 
by  the  form  and  characters  of  their  fruits.  Capsular,  inflated, 
or  bladdery  fruits  with  exalbuminous  seeds  occur  in  Cardio- 
spermum,  Valenzueha,  Koelreuteria,  and  Aitonia.  The  fruits 
of  Erythrophysa  differ  in  being  indehiscent.  The  seeds  of 
Cardiospermum  HaHcacabum  (fig.  249)  are  perfectly  globular, 
with  a  large  reniform  hilum  and  a  transversely  twice  folded 
embryo  completely  filling  them.  Staphylea  pinnata,  having 
bladdery  capsules,  and  globose  or  obovoid,  albuminous  seeds 
and  a  straight  embryo,  may  be  noted  as  a  striking  contrast  to 
the  above. 

Spiny  capsular  fruits  occur  in  Castanella  and  ^sculus, 
excluding  the  species  belonging  to  the  old  genus  Pavia.  The 
fi-uit  of  ^sculus  Hippocastanum  is  globose,  larger  than  a 
pigeon's  egg,  densely  covered  with  strong  spiny  emergences 
and  dehischag  loculicidally.  Each  of  the  three  cells  is  two- 
ovuled  (one  ovule  being  erect  and  one  pendulous).  Either  one 
or  the  other  may  get  fertilised ;  and  each  cell  matures  one  seed 
only.  Sometimes  only  one  ovule  gets  fertilised  in  the  whole 
ovary,  and  the  cell  containing  it  grows  at  the  expense  of  the 
others,  which  remain  small.  The  seed  is  large,  depresso-globose 
or  variously  flattened  by  compression,  and  its  shining  chestnut- 
brown  testa  is  thick  and  leathery.  The  embryo  occupies  the 
^vhole  of  the  mterior,  and  has  thick,  conferruminate  cotyledons 
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separable  with  difficulty  when  mature.  The  latter  are  petio- 
late ;  the  two-leaved  plumule  is  well  developed,  and  the  large 
conical  radicle  has  in  a  separate  cavity  in  the  thick  testa. 
Spiny  indehiscent  fruits  consisting  of  one  to  three  globose,  free 
or  connate  cocci  occur  in  some  species  of  Nephelium,  and 
N.  Litchi,  having  a  crustaceous,  brittle,  tuberculated  pericarp 
and  a  pulpy,  edible  aril,  is  often  met  with  in  British  fruit 
markets.  The  embryo  is  fleshy,  and  the  cotyledons  plano- 
convex. 

Fleshy  indehiscent  fruits  are  met  with  m  feapindus  and 
others,  while  those  of  Spanoghea  are  fleshy,  but  burst  open 
transversely.  Those  of  MeHcocca,  Lecaniodiscus,  and  Lepi- 
santhes  are  drupaceous  and  indehiscent.  The  fruits  of 
Euphoria  and  SchmideHa  break  up  into  indehiscent  cocci, 
while  the  cocci  of  Diplopeltis  are  dehiscent.  Triangled  and 
trilobed  fruits  are  very  frequent,  but  those  of  Bridgesia  and 
PauUinia  are  three-winged.  ,  .    •  i 

Samaroid  fruits  are  not  unusual,  and,  although  not  typical 
of  the  Order,  are  frequent  and  important.  Bridgesia,  Urvillea, 
Toulicia,  Serjania,  Thouinia,  and  Atalaya  have  fruits  consist- 
ing of  three  samaras,  while  those  of  Acer  and  Negundo 
have  only  two.    With  exception  of  Thoumia,  all  are  mde- 

hiscent.  .  ,  n 

The  species  of  Acer '  may  be  grouped  mto  five  or  six  very 
distinct  types  according  to  the  form  of  the  fi'uit,  seed,  and 
embryo,  but  more  particularly  of  the  latter.  The  ovules  are 
campylotropous  in  all  cases,  with  the  micropyle  inferior, 
except  in  A.  circinatum,  where  it  is  variable,  ascendmg  or 
horizontal,  with  the  raphe  ventral,  and  ascending  more  or  less 
along  the  upper  edge  or  surface.  ,   t>i  , 

The  first  type  may  be  represented  by  A.  Pseudo-P  atanus^ 
The  seed-vessel  is  tumid  on  both  sm-faoes,  and  the  seed 
ovoid,  sUghtly  compressed  laterally.    The  embryo  commenc 
by  ciihng  round  the  circumference  of  the  ^.ut  'r 

cotyledons  finally  become  transversely  twice  oW^i  f^ 
their  backs  to  the  placenta  and  the  mcumbent  ah  e  m 
the  lower  part  of  the  seed.    In  rare  cases  the  cotyledons 

.  Seo  .»  interesting  n^moit  on  tins  gronp  b,  P«..  E'SH"''  ''»"* 
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become  circinately  coiled  with  their  tips  in  the  centre  of  the 
coil. 

Other  species  agreeing  with  this  type  are  A.  monspessula- 
num,  A.  opulifolium,  A.  neapolitanum  and  A.  obtusatum.  The 
embryo  is  sometimes  more  folded  in  large  seeds  of  the  same 
spe'cies. 

A.  macrophyllum  may  be  given  as  another  type.  The 
seed-vessel  is  rather  tumid  and  densely  covered  with  bristly 
or  spiny  spreading  hairs.  The  interior  of  the  seed  is  fur- 
nished with  an  irregularly  conical  outgrowth  of  the  inner  coat 
from  the  region  of  the  hilum,  and  although  the  embryo 
originates  in  the  same  way  as  that  of  A.  Pseudo-Platanus,  its 
growth  is  obstructed  by  the  process  above  mentioned,  around 
which  it  coils,  with  the  edges  and  not  the  backs  of  the  cotyle- 
dons to  the  placenta.  The  cotyledons  are  circinately  coiled  or 
imperfectly  bipHcate  transversely.  A.  insigne  behaves  in  the 
same  way,  but  the  cotyledons  are  more  decidedly  twice  folded 
transversely,  and  the  outgrowth  from  the  region  of  the  hilum 
is  much  smaller. 

A  third  type  is  represented  by  A.  pennsylvanicum.  The 
seed-vessel  is  inflated  or  gibbous  on  one  side,  and  concave 
on  the  other,  the  seed  conforming  to  this  peculiarity.  The 
embryo  originates  in  the  same  way  as  that  of  A.  Pseudo- 
Platanus,  but,  owing  to  the  thinness  or  flattening  of  the  seed- 
vessel  and  seed,  the  cotyledons  during  their  development 
become  twisted  round  into  a  vertical  position  with  their  tips 
close  to  the  hilum.  The  cotyledons  are  generally  flat,  but 
sometimes  become  folded  at  the  tip.  A.  montanum,  A. 
tataricum,  and  A.  hircanum  agree  with  this  type,  but  the 
cotyledons  generally  become  more  or  less  undulated  longi- 
tudmally  owing  to  the  seed-vessel  and  seed  being  more  deeply 
concave.  They  are  even  sometimes  longitudinally  plicate  and 
more  or  less  folded  at  the  tip. 

A  fourth  type  is  seen  in  A.  campestre.  This  agrees  in 
general  particulars  with  A.  pennsylvanicum  ;  but  the  embryo 
18  larger  and  undergoes  a  greater  amount  of  longitudinal 
and  oblique  folding,  so  that  in  transverse  section  a  number  of 
tolds  of  the  cotyledons  are  cut  through.  The  seed-vessel  is 
much  compressed  laterally,  but  not,  however,  concave  on 
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either  Bide.  A.  campestre,  A.  austriacum,  A.  platanoides,  and 
A.  Lobelii  agree  pretty  closely  with  this  type,  except  that  the 
last-named  undergoes  a  considerable  amount  of  longitudinal 
folding  or  plaiting. 

A.  dasycarpum  seems  to  constitute  a  fifth  type,  but  only 
dried  herbarium  specimens  were  examined.  The  seed-vessel 
is  laterally  flattened,  with  the  seed  conforming  to  the  interior. 
The  embryo  originates  like  all  the  foregoing,  and  during 
its  development  it  becomes  twisted  round,  so  that  the  coty- 
ledons place  themselves  in  the  broad  plane  of  the  seed  with 
their  edges  vertical;  but  they  are  flat,  as  shown  in  trans- 
verse section,  and  often  obhque  or  not  exactly  opposite  one 
another,  or  the  tip  is,  sometimes  at  least,  again  reversed 
from  the  hilum  towards  the  end  of  the  seed  away  from  the 
placenta. 

The  sixth  type  is  shown  in  A.  circinatum.  The  seed- 
vessel  is  tumid,  not  indented,  and  the  oblong  seed  conforms 
to  the  interior.  The  curved  portion  of  the  seed  containing 
the  radicle  is  inferior,  or  in  other  seeds  is  twisted  round 
to  the  side,  rising  obliquely,  and  in  some  cases  is  lateral 
or  in  others  almost  or  quite  superior.  The  raphe  is  m  this 
case  often  lateral  or  inferior,  passing  round  the  lower  mstead 
of  the  upper  side  of  the  seed.  The  cotyledons  have  theur 
edges  vertical,  with  their  backs  to  the  radicle  (incumbent),  and 
are  more  or  less  transversely  biphcate.  The  folds  are  less 
regular  or  compact  than  in  A.  Pseudo-Platanus,  owmg  to  the 
greater  length  and  different  shape  of  the  seed,  which  conforms 
to  the  cavity  containing  it.  . 

Seedlings.— There  is  considerable  variety  m  this  extensive 
Order  •  but  the  seedlings  commg  under  my  notice  may  be 
classed  into  three  distinct  groups,  namely,  those  where  the 
cotyledons  become  aerial  and  more  or  less  fohaceous,  those 
where  they  are  subterranean,  and  those  where  they  are  aerial 
but  do  not  leave  the  testa. 

The  strictly  aerial  kinds  exhibit  four  or  more  forms. 
The  cotyledons  of  Cardiospermum  Halicacabum  (fig.  i5U) 
are  small,  oblong,  truncate,  and  very  caducous  which  may 
be  ascribed  to  their  character  and  mode  of  folding  m  tlie 
seed    The  fact  of  their  falling  early  points  to  their  losmg 
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the  faculty  of  assimilation,  acting  chiefly  as  a  store-house 
of  reserve-material,  ^  and  to  a  tendency  to  become  subter- 
ranean. The  first  two  leaves  are  opposite  and  tripartite 
with  the  middle  segment  again  trifid.  Succeeding  leaves 
are  alternate  and  more  deeply  divided ;  the  fifth  one  being 
biternate. 

The  oblong  or  strap-shaped,  sessile,  five-nerved  cotyledons 
of  Acer  Pseudo-Platanus  (fig.  252)  present  quite  a  distinct  type 
in  the  Order.  Their  shape  and  size  are  due  to  the  manner  of 
folding  in  the  seed  and  the  shape  of  the  latter. 

The  first  pair  of  leaves  of  A.  Pseudo-Platanus  are  ovate, 
acuminate,  and  cordate  at  the  base,  near  which  they  are 
doubly  serrate-dentate.  The  cotyledons  of  A.  campestre  are 
shorter  than  those  of  its  congener  and  proportionately  broader. 
The  same  may  be  said  of  the  first  pair  of  leaves. 

The  cotyledons  of  Dodonsea  viscosa  (fig,  253)  in  being 
linear-lanceolate  and  one-nerved  remind  us  very  forcibly  of 
those  of  Billardiera  amongst  the  Pittosporeae.  The  first  three 
or  four  cuneate,  trifid  leaves  also  point  in  the  same  direction. 
The  fifth,  sixth,  and  seventh  leaves  are  elliptic  and  nearly 
entire. 

The  broadly  obovate,  emarginate,  five-nerved  and  reticulate 
cotyledons  of  Mehanthus  major  constitute  a  well-marked  type. 
The  fohaceous  stipules,  in  being  intrapetiolar  and  connate  in 
the  upper  portion,  are  also  very  striking.  The  first  two 
leaves  are  digitately  trifoholate,  and  succeeding  ones  impari- 
pinnate  with  more  or  less  winged  petioles. 

The  subterranean  type  of  cotyledons  is  represented  by 
Sapindus  inaequahs  (fig.  251).  The  petioles  are  of  some  con- 
siderable length,  although  the  cotyledons  do  not  leave  the 
large  globular  seed.  The  first  four  leaves  are  greatly  reduced 
and  scale-like,  while  eight  succeeding  ones  are  lanceolate,  acu- 
mmate,  and  quite  entire.  In  the  adult  state  some  species  of 
Sapmdus  have  leaves  consisting  of  one  entire  leaflet,  while 
others  are  abruptly  pmnate.  The  cotyledons  of  Atalaya 
chversifoha  are  also  strictly  subterranean.  The  form  of  the 
leaves  is  rather  remarkable  for  this  Order,  The  first  three 
are  lanceolate  and  small,  succeeded  by  two  linear-lanceo- 

A  A  2 


356  ON  SEEDLINGS 

1 

late  ones,  and  those  by  at  least  nine  others  which  are  linear- 
lanceolate,  very  narrow,  and  of  great  length.   ^  _  • 
The  third  group  or  type  of  cotyledons  is  met  with  in 
.Esculus  Hippocastanmn.    The  large  fleshy  cotyledons  are 
petiolate,  but  do  not  leave  the  seed  ;  and  the  latter  is  carried 
some  considerable  height  above  ground  during  germination 
owing  to  the  great  length  of  the  hypocotyl.    The  case  is  qmte 
unusual,  because  in  the  majority  of  seedlings,  where  the 
cotyledons  do  not  leave  the  testa,  the  hypocotyl  remams  un- 
developed.   The  first  pair  of  leaves  is  compound  and  digit- 
ately  five-foliolate.    This  high  development  may  be  due  to  the 
amount  of  reserve  in  the  fleshy  cotyledons  ;  and  the  elongar 
tion  of  the  hypocotyl  is  necessary  to  carry  the  true  leaves  up 
to  the  Hght,  because  the  primary  ones  are  not  reduced  to  scales, 
as  most  frequently  occurs  where  the  cotyledons  are  fleshy 
and  do  not  leave  the  testa.    The  opposite  leaves  of  .Esculus, 
Acer,  and  Negundo  are  quite  unusual  in  the  Order. 

Blepharocarya  iavolucrigera,  F.  Muell. 

Hypocotyl  erect,  terete,  glabrous,  green,  soon  becoming  woody,  , 
brown,  and  covered  with  pale  brown  lenticels,  1-5-2-8  cm.  above  the  • 

^""^otvledons  subovate,  obtuse,  falcate,  somewhat  unequaUy  and 
shallowly  cordate  at  the  base,  slightly  cut  away  on  one  side  and 
with  a  shallow  sinus  about  the  middle  of  the  other,  obscui;ely,  but 
quite  evidently  alternately  incurvinerved  and  reticulate,  glabrous, 
deep  green  above,  paler  beneath,  petiolate  ;  lamma  l-3-l-o  cm.  long, 
7-8  25  mm.  wide  near  the  base;  petiole  slender,  semiterete  chan- 
nelled above,  glabrous,  or  nearly  so,  shghtly  connate  at  the  base  m 
the  early  stages,  about  1-5-2  mm.  long.  . 

Stem  erect,  terete,  covered  with  a  silky,  adpressed,  persistent 
nubescence  pale  green,  soon  becoming  brown,  woody,  and  covered 
Ith  sritpale  brown,  elevated  lenticels;  first  twelve  mternodes 
varying  from  3-8  mm.  long,  increasing  in  length  upwards 

Leaves  compound,  imparipinnate  (first  seven  or  e^gl^*  simp^ 
and  entire),  cauhne,  alternate,  exstipulate  petiolate,  glabn^us  except 
the  petioles  and  petiolules,  coriaceous,  deep  shimng  g^e^^^J^^^^^ 
paler  beneath  and  shining  ;  leaflets  lanceolate,  acuminate,  round  d 
or  suddenly  and  slightly  tapering  at  the  -ery  base,  al  e^ateb  ^^^^^^ 
curvinerved  and  reticulate  with  the  lateral  nerves  sh|h  b  asc^^  d 
ing  incurved,  branched,  and  anastomosing  near  then  summit 
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with  the  branches  ending  in  a  colourless  cartilaginous  margin; 
petioles  tapering  upwards  from  a  very  stout  base,  which  is  flattened 
above,  while  upwards  it  becomes  more  slender  and  nearly  terete, 
deep  brownish-red,  and  more  or  less  densely  covered  with  adpressed 
pubescence  ;  petiolules  short,  subterete,  narrowly  channelled  above, 
otherwise  hke  the  petioles. 

Nos.  1-7  or  8.  Simple,  entire,  ovate-lanceolate,  acuminate,  obtuse, 
having  a  pulvinus  at  the  base  of  the  lamina,  which  is  articulated 
with  the  petiole,  proportionately  broader  than  the  leaflets  of  the 
following  compound  leaves. 

No.  8.  Uni-  to  tri-foliolate. 

No.  9.  Trifoliolate. 

No.  10.  Five-foHolate. 

Nos.  11  and  12.  Five-  to  seven-foliolate,  and  gradually  larger. 

Cardiospermum  Halicacabum,  L.  (fig,  249). 

Fruit  a  capsule,  triangular,  with  globose,  membranous  lobes, 
each  one-celled,  one-seeded,  dehiscing  loculicidally. 

Seed  globose,  deep  brown,  shining,  glabrous,  very  hard  ;  hilum 
broad,  reniform,  transverse,  whitish  ;  raphe  none  ;  chalaza  very 
large,  broad,  lunate,  lying  along  the  upper  side  of  the  hilum,  and 
indicated  by  a  slight  elevation  or  thickening  ;  testa  very  hard,  crus- 
taceous  ;  tegmen  thin,  closely  adhering  to  the  testa. 

Endosperm  absent. 

Embryo  filling  the  interior  of  the  seed,  transversely  plaited  ; 
cotyledons  cuneate-spathulate,  entire,  minutely  auricled  at  the  base, 
with  a  few  large  transverse  folds  to  accommodate  themselves  to  the 
globose  seed,  thick  and  fleshy,  pale  yellow.  In  the  transverse  section 
two  segments  of  the  cotyledons  appear  thicker  than  the  central  two 
lobes,  owing  to  the  former  being  cut  obliquely  ;  radicle  very  short, 
oblong-ovoid,  obtusely  pointed,  seated  in  a  small,  shallow  notch  at 
the  base  of  the  cotyledons,  and  forming  an  impression  near  the  tip 
of  the  back  of  the  inner  cotyledon,  embedded  in  the  testa  at  its  tip. 

Seedling  (fig.  250). 

Primary  root  vertical,  with  a  few  thin,  lateral,  branched,  hori- 
zontal rootlets,  firm,  colourless. 

_  Hypocotyl  herbaceous  at  first,  3-4  cm.  long,  a  little  over  1  mm. 
thick,  round,  pubescent,  light  green. 

Cotyledons  sessile,  about  1  cm.  long,  2-8  mm.  broad,  thick,  ligu- 
late,  truncate  and  broad  at  the  apex,  yellowish-green,  glabrous, 
caducous. 

Stcvi  herbaceous,  terete,  1  mm.  thick  ;  1st  internode  1-5-2  cm. 
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long,  obtusely  four-angled  from  the  decurrent  petioles,  twistedj 
pubescent. 

Leaves.— iHos.  1  and  2.  Opposite,  petiolate,  ternatisect ;  petiole 

B 


A 


D 


Fig  l^^.-CarHiosi^e^^num  Ealicacahum.    A,  seed,  veiitral  aspect  x  10  .  J",  U 

M,  micropyle.    B,  longitudinal  seetion  of  seed,  x  10  ■  J'^^^'^^'',  '/'h  lum ;  Ch, 
H  hilum ;  Ch,  chalaza.    C,  transverse  section  of  seed  ll^  .M, 
chalaza.    The  outer  lobes  seem  broader,  bemg  rather  obl.qiujly  cut.    V,  em  j 
removed  from  seed,  x  10 :  A,  auricle  of  cotyledon ;  M,  radicle. 
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about  1-5  cm.  long,  1  mm.  thick,  sliallowly  channelled,  pubescent ; 
terminal  segment  of  lamina  about  2-5  cm.  long,  1-25-1-75  cm.  broad, 
cuneate  at  base,  trifid,  with  a  few  coarse  teeth ;  lateral  segments 
about  2  cm.  long,  -75  cm.  broad,  obhquely  oblong,  cuneate  at 
base,  obtuse  at  apex,  entire  or  obtusely  serrated,  or  hi-  or  tri-fid  ; 
the  common  margin  pubescent,  and  a 
few  hairs  on  the  nerves  of  the  lower 
surface  of  the  segments,  otherwise  gla- 
brous, thui,  bright  green  above,  a  little 
paler  below. 

Nos.  8  and  4.  Similar,  but  more 
deeply  cut,  and  with  acuminate  apices. 

Nos.  5  and  6.  Similar,  bi-ternatisect, 
with  rhomboid,  acuminate,  serrate 
lobes. 

Leaves  biternate  or  decomposite  in 
the  adult  state,  cauline,  alternate  (first 
two  opposite),  exstipulate,  petiolate, 
alternately  or  oppositely  penninerved, 
with  ascending,  branching  nerves,  mem- 
branous, pubescent  on  the  margins  and 
nerves  beneath ;  petiole  semiterete, 
channelled  above,  somewhat  dilated  at 
the  base. 

Atalaya  diversifolia,  ?  F.  Muell. 

Fig.  250. 

EypoCOtyl  subterranean.  Cardiospermum  Halicacabum. 

^      T  ,  Two-thirds  nat.  size. 

Cotyledons  subterranean. 

Stem  woody,  erect,  terete,  flexuous,  leafy,  pale  green,  pubescent ; 
1st  internode  2-3  cm.  long ;  2nd  -6  mm. ;  3rd  undeveloped  ;  4th 
8  mm.  ;  5th  2-5  mm.  ;  6th  4  mm, ;  7th  6-75  mm.  ;  8th  3-5  mm. ;  9th 
4-75  mm. ;  10th  3  mm.  ;  11th  3  mm. ;  12th  2  mm. ;  13th  3  mm. ; 
14th  4  mm. ;  15th  3  mm. 

Leaves  simple,  entire,  cauline,  alternate,  exstipulate,  very  shortly 
petiolate,  glabrous,  alternately  penninerved  and  reticulate,  with  the 
midrib  prominent  on  both  surfaces,  thin,  coriaceous,  deep  green 
above,  paler  beneath  ;  petioles  very  short,  thickened  at  the  articula- 
tion, flattened  above  with  a  prominent  midrib. 

Nos.  1-8.  Small,  lanceolate,  obtuse. 

Nos.  4  and  5.  Small,  hnear-lanceolate,  subacute. 

Nos.  6-8.  Linear-lanceolate,  acute. 

Nos.  9-14.  Long,  linear,  acute,  arching. 
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Sapindus  inaec[ualis,  DC.  (fig.  251). 
Hypocotyl  undeveloped. 

Cotyledons  large  and  fleshy,  filling  the  seed,  which  they  do  not 

leave  in  germination ;  petioles  thick, 
fleshy,  colourless,  semiterete,  pushed 
out  of  the  seed  or  elongated  to  conveni- 
ence the  radicle  and  plumule. 

Stem  erect,  terete,  green,  hairy,  soon 
becoming  glabrous,  ultimately  woody ; 
1st  internode  2*5  cm. ;  2nd  -95  cm. ; 
3rd  2  cm. ;  4th  -95  cm. ;  5th  2-1  cm. ; 
6th  -55  cm. ;  7th  -75  cm. 

Leaves  canline,  alternate,  exstipulate, 
petiolate,  irregularly  and  alternately  pen- 
ninerved  with  ascending  nerves,  thinly 
hairy  on  both  sides,  soon  becoming  gla- 
brous above,  pale  green  and  shining 
above;  petioles  short  (in  the  seedling), 
semiterete,  furrowed  above  on  each  side 
of  the  midrib,  slightly  hairy. 

Nos.  1-4.  Linear-lanceolate,  acute, 
small  and  scale-like. 

Nos.  5-7.  Lanceolate,  broadest  above 
the  middle,  cuspidately  acute  or  shortly 
acuminate,  tapering  into  a  short  pe- 
tiole. 

Nos.  8-11.  Lanceolate,  acuminate, 
petiolate,  much  larger  than  any  of  the 

Fig.  251. — Sapindus  inwqualis.  preceding. 
Half  nat.  size. 

Acer  Pseudo-Platanus,  L. 

Pistil  syncarpous,  superior  ;  ovary  of  two  carpels,  two-celled, 
each  cell  two-ovuled ;  ovules  collateral  or  shghtly  superimposed, 
ascending,  campylotropous ;  radicle  inferior,  close  to  the  hflum. 
Only  one  ovule  in  a  cell  is  habitually  fertihsed,  generally,  if  not 
always,  the  upper  one  when  they  are  superimposed. 

Seed  ovoid,  slightly  compressed  laterally,  somewhat  narrowed  to 
an  obtuse  point  at  the  upper  end ;  testa  thin,  ultimately  membra- 
nous ;  hilum  about  the  middle  of  the  ventral  aspect ;  micropyle 
inferior  but  pointing  slightly  upwards  and  contiguous  to  the  hihuii ; 
chalaza  very  large,  superior,  covering  nearly  or  quite  the  whole  of 
the  upper  part  of  the  seed. 


SAPINDACE/E 


361 


Endosperm,  from  the  earliest  stages  till  it  is  wholly  absorbed, 
thin,  watery,  or  jelly-like.  (See  Liim.  Journ.  xxii.  399,  fig. 
133.) 

Embryo  originating  in  a  short  tubular  prolongation  near  the 
micropyle,  and  at  first  straight,  with  an  extremely  short,  turbinate 
radicle,  and  ovate,  obtuse,  closely  adpressed  cotyledons.  It  then 
continues  to  grow  along  the  lower  side  of  the  seed,  close  to  the 
testaj  and,  the  outline  of  the  seed  being  curved,  the  embryo  gradually 
curves  also.  The  cotyledons  are  now  lanceolate  or  oblong-lanceo- 
late. When  the  cotyledons  have  reached  the  upper  and  narrow 
end  of  the  seed  they  curve  rather  suddenly  downwards.  This  is 
continued  until  the  tips  reach  the  radicle,  leaving  the  front  and  upper 
part  of  the  seed  under  the  chalaza  empty  except  for  the  endosperm. 
The  embryo  is  now  a  considerable  size,  with  an  elongated  radicle 
and  oblong,  obtuse  cotyledons.  The  next  stage  is  characterised  by 
a  second  curvmg  of  the  cotyledons,  and  it  depends  whether  the  latter 
now  curve  inwards  or  outwards,  as  to  the  form  the  embryo  shall 
ultimately  assume.  If  they  curve  inwards  the  mature  embryo  will 
be  circinate.  If  they  now  curve  outwards  the  mature  embryo  will 
be  transversely  twice  folded  (conduplicate,  '  Genera  Plantarum  '), 
and  this  is  the  commoner  form. 

In  this  case  the  tips  of  the  cotyledons  curve  outwards  and 
upwards  to  the  chalaza.  The  embryo  enlarges  considerably  after 
this,  and  the  double  portion  of  the  cotyledons  is  now  pushed  into 
the  centre  of  the  seed,  with  the  radicle  on  the  lower  side  and  the 
middle  of  the  cotyledons  on  the  upper  side  abutting  against  the 
chalaza,  while  the  tips,  still  continuing  to  elongate,  grow  outward 
and  upwards,  reaching  as  far  as  the  lower  end  of  the  chalaza. 

In  August  the  embryo  is  well  formed,  but  the  endosperm  not 
yet  all  absorbed. 

Seedling  (fig.  252). 

Primary  root  tapering,  flexuous,  rather  stout,  with  a  few  lateral 
rootlets. 

Hypocotyl  3-4  cm.  long,  1-5  mm.  broad  (because  of  its  being 
slightly  compressed),  glabrous,  firm,  reddish-brown. 

Cotyledons  two,  often  three  (when  two,  one  of  them  is  fre- 
quently spht),  sessile,  3-5-5  cm.  long,  about  8  mm.  broad,  strap- 
shaped,  obtuse,  entire,  obscurely  trinerved,  glabrous,  pale  green, 
rather  persistent. 

Stem  soft,  but  soon  becoming  woody,  erect,  terete,  glabrous,  pale 
or  brownish-green;  1st  internode  2-3-5  cm.  long;  2nd  1-5-2 cm  • 
'!rd  6-8  mm.  ' ' 
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Leaves  simple,  cauline,  opposite,  rarely  three  at  the  same  level 
and  verticillate,  exstipulate,  petiolate,  glabrous  except  at  the  very 
base  on  the  under  side  ;  petioles  terete,  generally  slightly  channelled 
on  the  upper  side  when  young,  ultimately  not  channelled. 

1st  pair  ovate,  acuminate,  cordate,  and  palmately  five-nerved  at 
the  base,  reticulate,  irregularly  and  obtusely  serrate. 

2nd  pair  palmately  five-nerved  and  lobed  or  lobulate,  irregularly 


Fig.  252. — Acer  Pseudo-Platanus.    Half  nat.  size. 


and  coarsely  dentate-serrate  ;  terminal  lobe  triangular  ovate,  obtuse  ; 
middle  lobes  very  broad  and  short,  obtuse ;  basal  lobes  small  or 
merely  tooth -like  and  obtuse. 
8rd  pair  similar. 

Ultimate  leaves  large,  palmately  five-nerved  and  -lobed,  subcor- 
date  at  the  base  ;  lobes  triangular-ovate,  acuminate,  obtuse,  rather 
coarsely,  irregularly,  and  distantly  serrate  ;  basal  lobes  smallest. 


Acer  macrophyllum,  Pursh. 

Fruit  of  two,  rarely  three  samaras ;  wings  ascending,  oblong,  ob- 
tuse, asymmetrical  or  half-elliptic,  reticulate,  nearly  glabrous  except 
on  the  thickened  portion  along  the  lower  side,  which  is  covered  vnth 
adpressed  hairs  or  bristles ;  seed-bearing  portion  of  fi-uit  ovoid,  densely 
covered  with  rigid  spreading  bristles  or  spiny  hairs,  rather  tumid. 

Seed  nearly  horizontal  or  slightly  ascending,  short,  deep,  some_ 
what  obovate  in  vertical  section  at  right  angles  to  the  placenta,  and 
triangular  in  vertical  section  parallel  with  the  placenta,  rather 
tumid  and  conforming  to  the  cavity  of  the  fruit,  exalbummous , 
tegraen  enormously  thickened  near  the  hilum,  forming  an  n-regularly 
conical  process  projecting  into  the  middle  of  the  seed. 
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Emhrijo  originating  in  the  apical,  neck-like,  curved  portion  of 
the  seed ;  cotyledons  ascending  with  their  backs  to  the  placenta 
as  in  A.  Pseudo-Platanus,  till  they  reach  the  thickening  and  en- 
larging process  of  the  inner  seed-coat,  round  which  they  twist 
across  the  cavity  of  the  seed  with  their  edges  to  the  placenta,  as  do 
those  of  A.  insigne,  with  their  broad  plane  in  consequence  at  right 
angles  to  the  placenta  and  conduplicate  as  in  A.  Pseudo-Platanus  ; 
radicle  rather  long,  terete,  bluntly  pointed,  inferior,  and  slightly 
descending  or  nearly  horizontal. 

Acer  insigne,  Boiss.  et  Buhse. 

The  two  samaras  are  often  or  always  of  unequal  size,  owing  to 
the  non- development  of  the  ovules  in  one  of  the  cells ;  wings 
ascending  or  suberect,  obliquely  or  half  obovate,  rounded  at  the 
apex,  reticulate,  slightly  pubescent  or  nearly  glabrous  ;  seed-vessel 
tumid,  ovoid  in  outline. 

Seed  slightly  ascending,  ovoid,  obtuse,  somewhat  flattened  late- 
rally from  the  base  towards  the  end  distant  from  the  hilum,  con- 
forming to  the  cavity  of  the  fruit ;  tegmen  thickened  in  proximity 
to  the  hilum  and  chalaza,  but  the  outgrowth  much  smaller  than  in 
A.  macrophyllum. 

Embryo  behaving  in  the  same  way  as  in  A.  macrophyllum,  but 
the  cotyledons  are  more  decidedly  transversely  biplicate. 

Acer  pennsylvanicum,  L. 

Fruit — The  portion  of  the  fruit  containing  the  seed  is  rather 
inflated  or  gibbous  on  one  side  and  concave  on  the  other ;  this  con- 
cavity sometimes  occurs  on  the  same  side  of  both  halves  of  the 
fruit,  or  on  alternate  sides  of  them. 

Seed  broadly  oblong  in  outline,  more  or  less  compressed  laterally 
but  conforming  to  the  cavity  of  the  ovary  and  therefore  concave 
towards  its  indentation  and  convex  to  its  gibbous  side ;  seed-coat 
double  ;  hilum  on  the  basal  end  of  the  seed. 

Embryo  large,  filling  the  cavity  of  the  seed  ;  cotyledons  straight 
and  pla,ne  or  nearly  so,  but  often  folded  back  at  the  tip  ;  concave 
in  conformity  with  the  fruit  and  seed  ;  radicle  about  equal  to  the 
seed  in  length,  terete,  straight,  or  curved  at  its  base  only,  the  fold 
bemg  chiefly  in  the  base  of  the  cotyledons. 

A,  tataricum  conforms  to  the  same  type,  but  the  cotyledons  are 
thrown  into  one  or  two  folds,  owmg  to  the  greater  concavity  of  the 
seed-vessel  and  seed. 

A.  hiroanum  also  agrees,  but  the  seed  being  considerably  flattened 
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and  the  linear-oblong  cotyledons  broader  than  its  width,  these  are 
thrown  into  various  contortions,  lying  in  the  broad  plane  of  the  seed. 

Acer  campestre,  L. 

Seeds  suborbicular,  rather  broader  on  the  attached  side,  much 
compressed  laterally,  and  conforming  to  the  shape  of  the  cavity  of 
the  samara  ;  seed-coat  double  ;  hilum  on  the  basal  edge. 

Embryo  large,  filling  the  cavity  of  the  seed  ;  cotyledons  incum- 
bent, with  their  backs  to  the  placenta,  originating  in  the  narrow 
plane  of  the  seed  ;  but  as  they  get  too  large  for  the  space,  becommg 
twisted  round  so  as  to  lie  in  the  broad  plane  with  their  edges 
to  the  placenta  ;  finally  getting  too  long  for  the  seed,  they  form  two 
large  folds  in  the  middle,  and  the  tips  are  thrown  back  over  the 
basal  portion  close  to  the  radicle,  between  which  and  the  edges  of 
the  basal  portions  they  always  lie ;  radical  inferior,  terete,  rather 
pointed,  curved  at  its  base,  or  gradually  throughout  its  length. 

Acer  dasycarpum,  Ehrh. 

Seed  broadly  oblong,  laterally  flattened,  conforming  to  the  cavity 
of  the  carpel,  exalbuminous  ;  seed-coat  double ;  testa  moderately 
thick  and  black  ;  tegmen  thin  and  membranous. 

Embryo  large,  filling  the  seed,  yellowish  ;  radicle  terete,  occupy- 
ing the  lower  side  of  the  seed ;  cotyledons  incumbent  originally, 
that  is  with  their  backs  to  the  placenta,  but  ultimately  tumiug 
round  with  their  edges  vertical  to  the  axis  of  the  fruit  and  their 
tips  towards  the  placenta  ;  by  so  doing  they  place  themselves  in  the 
broad  plane  of  the  laterally  compressed  seed.  After  reaching  the 
base  of  the  seed  close  to  the  hilum  they  become  folded  back  again 
towards  the  farther  end,  and  in  so  doing  one  apical  half  is  folded 
inside  the  other.  In  the  specimen  examined,  the  two  cotyledons 
were  not  strictly  opposite,  but  placed  obliquely.  There  was, 
however,  no  plaiting  or  folding.  Radicle  filiform,  straight,  occupy- 
ing the  lower  edge  of  the  compressed  seed.  Petioles  of  the 
cotyledons  slightly  curved. 

Acer  circinatum,  Pursh. 

Seed  oblong,  obtuse  at  either  end,  tumid,  conforming  to  the 
cavity  of  the  ovary  ;  seed-coat  double  ;  hilum  at  one  end  of  the  seed ; 
raphe  encircling  the  whole  basal  portion  of  the  seed  ;  funicle  short, 
thick,  and  with  a  development  of  cortical  tissue. 

Embryo  originating  in  the  neck-like  portion  of  the  ovule,  which 
is  curved  round  against  a  cortical  development  of  tissue  from  the 
funicle  ;  radicle  terete  and  stout,  equal  to  the  neck  of  the  ovule 


SAPINDACE.'E 


365 


in  length,  obtuse,  somewhat  constricted  where  the  cotyledons  com- 
mence, horizontal  and  occupying  the  base  of  the  seed,  or  rising 
obhquely,  or  almost  superior  (contrary  to  the  usual  rule),  and  hence 
lying  on  the  upper  side  of  the  seed.  Hence  the  cotyledons  and 
radicle  are  not  always  in  the  same  vertical  plane. 

Cotyledons  usually  vertical,  that  is,  lying  on  their  edges  in  the 
base  of  the  seed,  incumbent,  following  the  outline  of  the  cavity  of 
the  seed  as  they  grow,  curving  round  the  end  distant  from  the 
hilum,  and  then  growing  into  the  cavity  of  the  endosperm  some- 
what loosely  till  they  touch  the  end  next  the  hilum,  and,  growth 
continuing,  become  too  long  for  the  space,  and  so  get  doubled  up 
against  their  own  basal  portion  and  the  infolded  portion  of  the 
seed.  Their  apes  then  recurves  and  grows  backwards  away  from 
the  hilum. 

The  cotyledons  still  have  their  backs  to  the  placenta,  as  in 
A.  Pseuclo-PlatamLS,  although  they  are  in  this  particular  instance 
vertical  to  the  axis  of  the  pistil. 

Dodonaea  viscosa,  L.  (fig.  253). 

Hypocotyl  erect,  terete,  minutely  and  rather  densely  pubescent, 
pale  green  or  reddish,  l*5-3  cm.  above  the  soil. 

Cotyledons  linear-lanceolate,  acute  or  subacute,  entire,  sessile, 
or  appearing  shortly  stalked  by  being  narrowed  at  the  base,  with  a 
distinct  midrib  but  no  other  discern- 
ible venation,  horizontal,  glabrous, 
light  green  above,  paler  beneath, 
l'9-2*5  cm.  long. 

Stem  erect,  terete,  flexuous,  densely 
pubescent  with  upcurved  and  incurved 
hairs,  and  more  or  less  densely  dotted 
with  sessile  glands,  pale  green,  becom- 
ing reddish,  ultimately  woody ;  1st 
intemode  2-4  mm.  long ;  2nd  1-5-2 
mm. ;  3rd  3-4-5  mm. ;  4th  4-6  mm. ; 
5th  and  6th  each  5-6  mm. 

Leaves  simple  (at  least  in  the 
seedling),  cauhne,  alternate,  exstipu- 
late,  petiolate,  alternately  and  ascend-  ^^s.—Bodonaa  viscosa. 

ingly  penninerved,  more  or  less  pub-  ^^^^ 
escent  on  both  surfaces,  especially  on  the  nerves,  slightly  scabrous  on 
the  principal  nerves,  light  or  deep  green  above,  paler  beneath  and 
shining,  often  with  a  glaucous  hue ;  petiole  short,  stout  at  the 
base  and  more  slender  upward,  slightly  channelled  above  with  an 
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elevated  midrib,  pubescent,  winged  upward  by  the  decurrent  lamina 
of  the  leaf. 

No.  1.  Cuneate, 'trifid  or  tripartite,  with  obtuse  segments. 

Nos.  2  and  3.  Similar,  but  larger^ — terminal  lobe  largest,  cuneate, 
and  generally  again  more  or  less  triiid. 

No.  4.  Rhomboid,  obtuse,  cuneate  or  decurrent  at  the  base  on 
the  petiole,  with  two  to  three  coarse  obtuse  teeth  on  each  side. 

Nos.  5-7.  Ehomboid  or  elliptic  or  oblong,  variable,  obtuse, 
obtusely  toothed  or  shallowly  sinuate  or  entire,  tapering  into  the 
petiole  at  the  base,  forming  a  wing  to  the  latter. 

Melianthus  major,  L. 

Primary  root  a  vertical,  succulent,  colourless  tap-root ;  stout, 
colourless  adventitious  roots  spring  from  the  thickened  base  of  the 
hypocotyl. 

Hypocotyl  about  2  cm.  long,  1-5-2-5  mm.  thick,  terete,  glabrous, 
brownish  above  ground,  colourless  below. 

Cotyledons  subsessile,  nearly  equal,  about  2-5  cm.  long  and 
1-75  cm.  broad,  obovate,  cuneate  at  the  base,  emarginate  with  a 
short  blunt  mucro,  with  very  distinct  whitish  incurved  nerves  on 
each  side  of  the  midrib,  quite  glabrous,  thin,  rather  firm,  bright 
green  above,  paler  and  shining  beneath. 

Stem  erect,  terete,  glabrous,  succulent,  stout,  pale  green ;  1st 
internode  1-2  cm.  long,  3  mm.  thick ;  2nd  internode  G  mm.  long, 
2  mm.  thick. 

Leaves  cauline,  compound,  pinnate,  alternate,  stipulate,  glabrous, 
petiolate. 

No.  1.  Lamina  digitately  Lrifoliolate  ;  lateral  leaflets  sessile,  ob- 
long, acute,  serrate,  unequal  on  the  posterior  basal  side,  penninerved, 
bright  green  above,  paler  or  subglaucous  beneath  with  prominent 
nerves  ;  nerves  alternate  or  opposite  ;  serratures  acute,  tipped  with 
a  yellow  mucro ;  terminal  leaflet  obovate-elliptic,  acutely  serrate, 
narrowed  to  the  base,  penninerved  with  opposite  or  alternate  nerves ; 
free  part  of  petiole  terete,  pale  green  ;  stipules  large,  fohaceous,  and 
amplexicaul  at  the  base,  adnate  to  the  petiole  for  more  than  half 
their  length,  then  connate  by  their  edges,  leaving  only  their  two 
acute  tips  free. 

No.  2.  Exactly  similar ;  petiole  similar ;  stipules  formmg  a 
sheath  to  the  next  younger  leaf  and  bud.  In  some  plants  the 
petiole  of  the  flrst  and  second  leaf  has  a  fohaceous,  decurrent 
wing,  somewhat  toothed  or  distantly  seiTate,  and  its  uppermost 
part  produced  into  a  semi -triangular  acuminate  lobe. 

No.  3.  Five-foliolate  ;  basal  leaflets  oblong,  incise  and  irregularly 


SAPINDACEyE 


367 


serrate,  oblique  on  the  posterior  basal  side ;  middle  pair  of  leaf- 
lets similar  but  decurrent  on  the  petiole  ;  terminal  leaflet  oblong, 
cuneate  at  the  base,  grossly  serrate. 
No.  4.  Seven-foliolate. 

Staphylea  pinnata,  L. 

Fruit  a  large,  inflated,  membranous  capsule,  strongly  reticu- 
lated, with  a  strong  midrib  to  each  carpel,  glabrous,  two-  to  three- 
celled  with  generally  one  large  horizontal  seed  in  each  cell,  dehiscing 
at  the  apex  on  the  ventral  side  of  the  persistent  styles. 

Seed  large,  globoso-obovoid,  horizontal,  shining,  pale  brown, 
glabrous ;  testa  bony,  thick ;  tegmen  thin,  membranous,  pale- 
coloured  ;  hilum  large,  forming  a  circular  depression  in  the  outer 
coating  of  the  seed ;  micropyle  conspicuous,  contiguous  to  the 
depressed  hilum,  and  terminating  a  basal  ridge  or  lobe  of  the  seed, 
into  which  the  radicle  is  directed  ;  raphe  lateral,  forming  a  ridge 
along  the  side  or  edge  of  the  slightly  horizontally  compressed  seed  ; 
tjhalaza  broad,  apical. 

Endosperm  copious,  fleshy,  colourless. 

Embryo  large,  straight,  pale  green,  embedded  in  the  axis  of  the 
endosperm  ;  cotyledons  broad,  somewhat  obliquely  obovate,  obtuse, 
shallowly  auricled  at  the  base,  otherwise  entire,  plano-convex,  fall- 
ing a  little  short  of  the  length  and  breadth  of  the  endosperm,  lying 
across  the  seed  obliquely  ;  radicle  very  short,  globose,  obtuse,  or 
more  or  less  flattened  horizontally,  pointing  into  the  micropyle  at 
one  side  of  the  hilum,  inferior  in  ascending  seeds  but  apparently 
always  horizontal  in  this  species  like  the  seeds. 


SABIACEJ5. 

Benth.  et  Hook.  Gen.  PI.  i.  413. 

Fruit  and  Seed.— The  two-  to  three-celled  ovary  contains 
one  or  two  superposed  or  collateral  ovules  in  each  cell,  which 
are  horizontal  or  pendulous  with  a  ventral  raphe  and  an  infe- 
rior micropyle.  The  fruit  consists  of  one  or  two  drupaceous, 
or  dry,  indehiscent  pieces,  which  in  the  typical  genus  Sabia  are 
reniform  and  compressed.  The  endocarp  is  bony  or  crustaceous, 
nut-like,  and  contains  a  single  nut-like  seed.  The  latter  con- 
forms to  the  cavity  of  the  endocarp  and  is  compressed  or  globose 
mth  a  membranous  or  leathery  testa.    It  is  exalbuminous  or 
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contains  a  small  quantity  of  endosperm  adhering  to  the  testa. 
The  embryo  is  large,  with  rather  fleshy,  wavy,  conduplicate,  or 
variously  twisted  cotyledons,  and  a  fleshy,  descending,  incurved 
or  flexuous  radicle,  pointing  upwards  to  the  hilum.  The  latter 
is  broad  and  conspicuous. 

Ophiocaryon  paradoxum  is  known  as  the  Snake  Nut,  from 
the  manner  in  which  the  embryo  is  coiled  up  in  the  seed 
resembling  a  snake.  The  cotyledons  are  membranous  and 
foliaceous. 

Seedlings,— The  species  of  this  Order  are  natives  of  tropical 
and  subtropical  countries  north  of  the  equator,  and  seedlings 
do  not  often  come  under  observation.  The  cotyledons  of 
Meliosma  pungens  (fig.  254)  are  foHaceous,  aerial,  and  penni- 
nerved  with  incurved  veins.  They  are  oblong  in  outhne  and 
glabrous,  whereas  those  of  M.  Arnottiana  are  oval  or  elHptic 

and  ciliated  at  the  margm. 
The  first  leaf  of  M.  pungens 
is  cuneate-eUiptic,  that  of 
M.  Arnottiana  lanceolate 
and  simple. 

Meliosma  pungens,  Wall. 
(fig.  254). 

Hypocotyl  somewhat 
woody,  terete,  3-4  cm.  long, 
1-5  mm.  thick,  pubescent, 
brownish-grey. 

Cotyledons  unequal,  sub- 
sessile,  2-5-3-5  cm.  long, 
1-5-2  cm.  broad,  oblong, 
obtuse,  rounded  at  the  base, 
penninerved,  wdth  incurving 
veins,  reticulate,  glabrous, 
coriaceous,  dark  green  with 
brownish  spots  above,  paler  and  shining  beneath,  rather  persistent. 
Stem  short,  like  the  hypocotyl,  but  with  longer  hau-s.    1st  mter- 

node  1  mm.  long.  .    i  ,       r  lofo 

First  leaves  simple,  cauhne,  alternate,  exstipulate,  petiolate, 
alternately  penninerved,  hispid  or  hairy  above,  and  deep  shuung 
green,  tomentose  beneath  ;  petioles  short,  at  least  m  early  stages  oi 
the  plant. 


Fig.  254. — Meliosma  pungens. 
Two-thirds  nat.  size. 
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No.  1.  8-4  cm.  long,  1-5-2  cm.  broad,  elliptic,  narrowed  to  both 
ends,  sinuate-serrate,  with  rechned  points,  penninerved,  thin,  his- 
pid above,  tomentose  on  the  margin  and  beneath,  shining  green. 

No.  2.  Ditto. 

Meliosma  Arnottiana,  Wight. 

Hypocotyl  as  in  M.  pungens,  but  minutely  pubescent  and  green- 
ish or  shghtly  tinged  with  red. 

Cotyledons  oval-oblong  or  elliptic,  acute,  entire,  shortly  petio- 
I  late,  cihate,  otherwise  glabrous,  hght  green,  pinnatinerved  as  in  the 
]  leaves. 

I       Stem  erect,  terete,  pubescent,  herbaceous ;  1st  internode  2-3  mm. 
long. 

First  leaves  ovate-lanceolate,  acute,  almost  acummate,  coarsely 
serrate,  coarsely  hairy,  green,  pinnatinerved. 


ANACARDIACEiE. 

Benth.  et  Hook.  Gen.  PL  L  415. 

Fruit  and  Seed—The  ovary  in  this  Order  generally  consists 
of  one  carpel  and  is  therefore  one-celled ;  but  in  the  tribe 
Spondiese  the  ovary  is  syncarpous,  consisting  of  two  to  five 
carpels  and  containing  as  many  cells.    From  the  occurrence 
sometimes  of  several  distinct  carpels  in  one  flower,  the  one- 
ceUed  ovaries  may  be  considered  as  reduced  types.    This  is 
strengthened  by  the  fact  that  a  three-celled  ovary  occurs,  thouah 
rarely,  m  some  of  the  species  of  Pistacia,  where  the  one-celled 
condition  IS  the  rule.    The  flowers  are  polygamo-dicecious  or 
I  unisexual,  and  m  some  of  the  potentially  male  flowers  there  are 
!  our  or  five  aborted  carpels  or  a  four-  to  five-partite  ovary  in 
I  he  same  condition.    The  ovules  are  soHtary  in  each  ovary  or 

^tX  lT  ;J       ^'-^''-<^-^-^'  ovaries,  and  pendulous,^ 
attached  to  the  side  waUs  of  the  carpels  or  suspended  by  a 
nnicle  arismg  from  the  base  of  the  cell.    The  micropyle  is 
nfenor  and  the  raphe  dorsal  or  passing  round  one  end  of  the 
hoiizontal  seed  and  along  the  dorsal  edge  for  some  distance  as 

^  ~  -P^e  and  an 
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The  fruit  is  superior  or  partly  submerged  in  the  receptacle,  , 
one-  to  five-celled  and  nearly  always  drupaceous  and  inde- 
hiscent.  The  endocarp  is  bony,  crustaceous,  or  leathery,  , 
and  sometimes  bursts  open  by  two  valves,  as  in  Manj^ifera  i 
indica  and  Buchanania.  In  some  of  the  species  of  Pistacia  it  ; 
behaves  in  the  same  way.  The  tissue  of  the  fruit  often  con- 
tains large  cavities  filled  with  an  oily  or  caustic  juice  as  in 
Schinus  Molle  and  Schinus  terebinthifolius.  A  curious  case 
occurs  in  Anacardium  occidentale,  where  the  receptacle  be- 
comes very  large,  pyriform,  and  fleshy,  forming  a  pseudo-fruit,  , 
bearing  at  its  apex  the  very  much  smaller,  reniform,  true  fruit.  . 
The  other  five  species,  as  well  as  those  of  Gluta,  have  also  a  i 
stipitate  fruit. 

The  seed  is  horizontal  and  lies  across  the  receptacle, 
or  erect,  or  pendulous,  with  frequently  a  swoUen  or  umbihcate 

funicle.  . 

The  testa  is  generally  if  not  always  membranous,  and  is 
occasionaUy  united  firmly  with  the  endocarp.  Endosperm  is. 
nearly  always  absent,  or  forms  a  thin  layer  as  m  some  species 
of  Schinus  and  in  Smodingium.  The  cotyledons  are  thin  and 
plano-convex,  or  of  great  thickness  and  fleshy.  The  short 
radicle  is  straight  or  variously  curved,  pointing  upwards  or 
downwards  to  the  micropyle. 

Types  with  comparatively  thm  cotyledons  are  represented 
by  Schinus  Molle  (fig.  259)  and  S.  terebmthifohus  (fig.  260). 
Their  thmness  is  explained  by  the  narrowness  of  the  cavity  of 
the  endocarp  and  by  the  presence  of  a  moderate  quantity  of 
fleshy  endosperm.  Thick  cotyledons  of  peculiar  form  are  ex- 
hibited by  Buchanania  latifolia  (fig.  258).  A  stout  cord-like 
funicle  runs  along  the  basal  end  and  half-way  round  the  upper 
edges  of  the  cotyledons,  forming  a  deep  fm-row. 

Seedlings.— Thexe  are  two  leading  tyi^es  of  seedhugs, 
namely  those  with  aerial  and  those  with  subterranean  coty- 
ledons The  most  prevalent  form  of  cotyledons  is  ovate, 
obtuse,  trinerved,  shallowly  sinuate  on  one  side,  othemse 
entire  and  shortly  petiolate.  This  is  well 
Schinus  terebinthifohus  (fig.  260) ;  the  cotyledons  besides  show 
incr  the  characters  above  mentioned  are  more  conspicuously 
reticulate  than  happens  in  many  others  which  are  more  opaque. 
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'  Schinus  Molle  (fig.  259)  and  Duvaua  dependens  agree  in  all 
essential  points.  The  mode  of  germination  of  the  seed  from 
the  drupaceous  fruit  is  shown  in  Schinus  Molle.  Duvaua 
dependens  differs  in  the  obscure  venation  and  the  cotyledons 
not  being  sinuated  on  one  side.  This  shallow  sinus  owes  its 
origin  to  the  indentation  of  the  lower  side  of  the  horizontal 
seed  in  Schinus  by  a  thickening  or  elevation  of  the  receptacle 
in  that  region. 

The  trinerved  character  and  the  shallow  sinus  of  the 
cotyledons  prevail  in  species  of  other  genera,  where  the  outline 
differs  considerably  from  that  of  Schinus.  This  is  bo  in 
the  case  of  Ehus  typhina  (fig.  256),  with  spathulate-oblong 
cotyledons,  and  in  Odina  Wodier,  having  long,  lanceolate, 
falcate  cotyledons  with  short  broad  petioles. 

A  departure  from  the  strictly  aerial  and  foliaceous  coty- 
ledons is  met  with  in  Anacardium  occidentale.    Here  they  are 
large,  fleshy,  falcate,  and  directed  to  one  side  of  the  young 
,  stem,  plano-convex,  trinerved,  and  slightly  reticulate  on  the 
back,  but  showing  no  trace  of  nerves  on  the  upper  surface. 
Another  nearly  similar  case  occurs  in  Buchanania  latifolia  (fig. 
I  258),  having  obovate,  imequal-sided,  fleshy  cotyledons  with  a 
thick  and  a  thin  edge.    They  conform  to  the  interior  of  the  seed 
j  and  that  agam  to  the  endocarp,  to  which  they  owe  their  pecu- 
I  liar  shape.    Immediately  after  germination  they  are  both 
!  directed  to  one  side  of  the  stem  as  m  subterranean  cotyledons  ; 

but  they  ultimately  spread  out  right  and  left.  Thick,  fleshy, 
I  and  truly  subterranean  cotyledons  occur  in  Ehus  Thunbergiana 
I  (fig.  255),  a  South  African  species  with  almost  dry,  one-celled, 
;  one-seeded  fruits  from  three-quarters  to  one  inch  broad.  A 
more  remarkable  mstance  occurs  in  Mangifera  indica  (fig.  257), 
the  fleshy,  oblong,  subterranean  cotyledons  of  which  are  often 
i  lobed  and  sometimes  prohferous,  as  shown  in  the  figure. 

The  primary  leaves  of  the  seedling  show  considerable 
'  variation  in  the  different  types  of  the  Order.  Those  observed 
j-  may  be  grouped  under  three  very  distinct  types,  namely, 
j  (1)  those  reduced  to  scales,  (2)  simple  but  fohaceous  leaves^ 
!  and  (3)  compound  leaves.  The  first  five  leaves  of  Ehus 
I  Thunbergiana  are  minute  scales  ;  while  all  succeeding  ones 
are  simple,  and  penninerved.    The  first   six   at   least  of 

u  I)  2 
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Mangifera  indica  are  scale-like  ;  the  ultimate  ones  long,  simple, 
and  entire. 

Where  the  primary  leaves  are  foliaceous  and  simple,  the 
first  two  are  opposite,  although  succeeding  ones  are  alternate. 
Examples  of  this  occur  in  Buchanania  latifolia,  Schinus  tere- 
binthifolius,  Odina  Wodier,  and  Duvaua  dependens.  An 
exception  occurs  in  Anacardium  occidental,  where  the  first 
four  leaves  are  crowded  together  and  oblong- elliptic.  The 
ultimate  ones  are  also  simple  and  entire,  while  those  of  Duvaua 
are  entire  or  sinuate.  The  third  leaf  of  Schinus  terebinthifolius 
is  trifoHolate,  while  the  eighth  one  in  Odina  Wodier  is  the 
first  to  attain  that  state  of  development. 

The  only  case  of  the  primary  leaves  being  compound  commg 
under  my  observation,  occurs  in  Ehus  typhina,  where  the  first 
three  at  least  are  trifoliolate,  with  the  terminal  leaflet  much 

the  largest  and  deeply  mcised. 
The  first  two  only  are  opposite. 
Compare  this  with  the  seedlmg  of 
Ailanthus  glandulosa  amongst  the 
Simarubeae. 


Rhus  Thunbergiana,  Schult.  (fig. 
255). 

Hypocotyl  subterranean. 
Cotyleclons\a,rge,  fleshy,  persistent, 
plano-convex,  subterranean,  wrinkled, 
pale  yellow,  petiolate,  and  both  lying 
on  the  same  side  of  the  stem,  2-6  cm. 
long,  1-3  cm.  wide,  8-10  mm.  thick ; 
petiole  about  6  mm.  long. 

Stem  woody,  erect,  terete,  gla- 
brous, reddish  at  first,  then  becoming 
covered  with  a  glaucous-white  bloom, 
then  pale  green,  ultimately  brown ; 
internodes  short :  1st  1-7  cm.  long ;  2nd  5-75  mm. ;  3rd  Mo  cm. ; 
4th  6  mm. ;  5th  7-5  mm  ;  6th  4  mm. ;  7th  6  mm. 

Leaves  simple,  cauline,  alternate,  exstipulate,  pe  iolate,glabiou. 
coriaceous,  rigid,  horizontal,  alternately  penninerved  with  numeious 
parallel  veins  at  right  angles  to  the  midrib  and  runnmg  ^^^S^^ 
the  margin,  simple,  or  more  often  forked  and  sometnnes  fo^'l^^^S  J 


Fig.  255.— Bhus  Thunhergiana. 
Half  nat.  size. 


near  the  margin 


,  brown  and  glossy  at  first,  becoming  covered  witn 
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a  glaucous  bloom,  ultimately  light  green;  petioles  very  short,  sub- 
terete,  shining. 

Nos.  1-5.  Eeduced  to  small,  subulate,  acute,  discoloured  scales. 
Nos.  6-22.  Oblong-oval,  obtuse,  emarginate,  otherwise  entire, 
gradually  larger  in  order  of  development. 

Rhus  typMna,  L.  (fig.  256). 

Priviary  root  tapering  downward  at  an  obtuse  angle  into  the  soil, 

dark-coloured,  with  a  few  lateral  rootlets,  and  soon  equalled  or 

superseded  by  strong  lateral  rootlets  immediately  beneath  the  soil, 

covered  with  root-hairs. 

SypoGotyl  erect,  terete,  glabrous,  crimson,  12-28  mm.  long. 
Cotyledons  spathulate-oblong,  obtuse,  tipped  with  a  glandular 
I   mucro,  slightly  falcate,  petiolate,  trinerved  from  the  base,  gla- 
1   brous  except  the  petioles,  dull  green 

above,  paler  beneath,  when  fading 

of  a  rusty  red  or  crimson  colour  ; 
,  lamina  5-9-5  mm.  long,  2-5-4-5 
I  mm.  wide ;    petioles  channelled 

above,  convex  beneath,  dilated  and 
j  slightly  connate  at  the  base,  and 

again  dilated  into  the  lamina, 

shghtly  hairy   on   the  margins 

above,  1-75-4-5  mm.  long. 
I       Stem  erect,  terete,  hairy,  with 
[  simple  glandular  hairs ;  green, 
'  reddish,  or  crimson,  ultimately 

shrubby ;  1st  internode  2-25  mm. 
;  long ;  2nd  and  3rd  each  about  -5 

mm. 

Leaves  compound,  imparipin- 

nate,  cauline,  alternate,  exstipu- 

late,  petiolate,  alternately  and 
•  ascendmgly  perminerved  with  the 

nerves  running  straight  into  the 
i  teeth  and  divisions,  somewhat  hairy  above  and  at  the  margins  ;  hairs 
;  simple,  glandular ;  deep  green  above,  glaucous  beneath,  when  fading 

01  a  rusty  red  or  yellow  and  crimson  colour ;  petioles  semiterete, 
i  cnanne  led  above,   coarsely  hairy  with  simple  glandular  hairs 
t  generally  red.  ^  o 

Nos.  1-3.  Trifoholate  ;  lateral  leaflets  narrowly  lanceolate,  acumi- 
nate, acute  or  subacute,  more  or  less  distinctly  serrate  in  the  lower 
naii,  sessile ;  terminal  leaflet  rhomboid-lanceolate,  acuminate  sub- 


Fig.  256. — Rhus  typhina.    Nat.  size. 
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acute,  cuneate  at  the  base  and  very  shortly  petiolate,  coarsely  serrated  I 
on  the  lower  half,  with  two  ovate,  subacute,  decurrent  serratures  on  t 
each  side  on  the  first  two  leaves,  and  three  or  more  on  the  third  1 
leaf. 

Anacardium  occidentale,  L. 

Hypocotyl  erect,  terete,  fleshy,  covered  with  minute  points,  2-5-  • 

8  cm.  above  the  soil. 

Cotyledons  aerial,  large,  fleshy,  falcate,  directed  to  one  side  of 
the  seedhng  stem,  plano-convex,  but  deeply  channelled  at  the  base 
on  the  upper  side,  glabrous,  yellowish-green,  trinerved  on  the 
back,  where  they  also  distinctly  show  the  short  lateral  nerves,  and 
are  slightly  reticulate,  nerveless  on  the  upper  surface,  sessile, 
4-4  cm.  long  in  the  bent  condition,  10-12  mm.  wide. 

Stem  erect,  tapering  upwards  very  much  in  the  seedling  stage, 
covered  with  minute  glandular  points,  fleshy,  ultimately  woody  ;  Ist 
internode  4-4-5  cm.  long,  appearing  as  if  jomted  to  the  apex  of  the 
hypocotyl  above  the  cotyledons,  where  a  bud  is  given  off  in  the  axil 
of  each,  thickened  on  one  side  with  two  elevated  processes  as  if 
furnished  with  a  sheath  ;  2nd  and  3rd  internode  2-3  mm.  long  ;  4th 
sliortor. 

Leaves  simple,  entire,  cauline,  alternate,  exstipulate,  shoi-tly 
petiolate,  closely  and  alternately  incurvmerved,  bronze-coloured  in 
the  young  state,  and  ultimately  deep  green,  shmmg,  glabrous. 

Nos.  1-4.  Oblong-elliptic,  shortly  acummate,  crowded. 

Mangifera  indica,  L.  (fig.  257). 

Primary  root  very  stout,  tapering  downwards,  and  giving  off 
slender,  lateral  rootlets,  dark- coloured. 

Hypocotyl  very  short,  stout,  terete,  glabrous,  pale-coloured,  witli 
dark  markings,  6-8  mm.  long,  7-8  mm.  wide. 

Cotyledons  oblong,  obtuse,  thick,  fleshy,  plano-convex,  subter- 
vanean,  cut  away  on  the  upper  side  at  the  base,  and  shghtly  auricled 
on  the  under  and  basal  side,  very  shortly  petiolate,  about  5-7  cm.  long. 
2-5  cm  wide  ;  petioles  stout,  fleshy,  plano-convex,  curved  at  rigHt 
angles  to  the  radicle  to  accommodate  the  latter  in  germuiation, 
12-13  mm.  long,  7-5  mm.  wide.  .^HfHnT 

They  often  become  lobed,  and ,  sometimes  prohferous,  sp httm 
transversely  and  forming  a  second  embryo  with  two  cotyledons 
corresponding  to  half  the  original  ones  or  less. 

When  this  is  the  case,  a  second  plumule  and  radicle  are  developea 
similar  to  the  original. 
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Stem  erect,  terete,  glabrous,  stout,  tapering  upwards,  ultimately 
3dy  ;  1st  internode  5-4  cm.  long  ;  2nd  4  mm.  long  ;  3rd  4  mm. 
Leaves  simple,  entire,  cauline,  alternate,  exstipulate,  petiolate. 
Nos.  1-6.  Small,  reduced  to  scales. 


Fig.  iSl.—Mangifera  indica.  P,  pinmnle 
of  a  second  embryo  or  proliferation  of 
the  first  or  true  embryo  ;  B,  the  radicle 
of  the  same. 


Buchanania  latifolia,  Boxb. 


Fruit  a  drupe,  with  a  small  quantity  of  fleshy  sarcocarp,  one- 
celled,  one-seeded,  solitary  by  abortion  ;  endocarp  hard,  bony,  late- 
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rally  compressed,  especially  near  the  apex,  splitting  vertically  into 
two  pieces  during  germination. 

Seed  transversely  oblong,  much  compressed  laterally,  especially 
near  the  top,  and  conforming  to  the  interior  of  the  endocarp  ;  testa 
thin,  pale  brown,  marked  on  both  sides  by  the  branching  chalaza, 
where  the  seed  is  discoloured  ;  funicle  stout,  lying  in  an  indenta- 
tion round  one  end  of  the  seed  ;  micropyle  superior.  r 

Endosperm  none. 

Embryo  large,  curved,  transverse  to  the  axis,  pale  greenish- 
yellow  or  almost  colourless,  fleshy ;  cotyledons  conforming  to  the 
interior  of  the  seed  and  each  occupying  about  a  half  of  it,  lying 
transversely  to  the  basal  placenta  with  their  very  much  thickened 
edges  towards  it,  and  their  thin  indented  edges  to  the  apex  of  the 
endocarp,  which  is  also  indented  and  always  much  compressed,  caus- 
ing the  cotyledons  to  be  more  or  less  asymmetrical ;  radicle  at  one 

end  of  the  embryo,  terete, 
obtuse,  curved  round  the 
basal  end  of  the  cotyledons 
and  pointing  upwards. 

Seedling  (fig.  258). 

Hypocotyl  erect,  terete, 
fleshy  in  a  very  young 
state,  glabrous,  pale  green, 
or  tinged  with  red,  soon 
becoming  brown,  18  mm. 
long. 

Cotyledons  fleshy  and 
soon  falling  away,  obovate, 
very  oblique  or  imequal- 
sided  and  also  having  one 
edge  thin  and  the  other 
thick,  petiolate,  glabrous, 
wrinkled  or  corrugated  on 
the  upper  surface  and 
margin,  ribbed  more  or  less 
conspicuously  on  the  uuder- 
surface ;  lamina  G'5-7'5 
mm.  long,  5-5'5  ■  mm. 
wide,  2  mm.  thick  at  one  edge  and  -25  mm.  thick  at  the  other; 
petioles  connate  at  the  base,  grooved  above,  convex  on  the  back, 
2-4  mm.  long. 


Pig.  258. — Buchanania  latifoUa,  sliowing  thin 
edge  of  cotyledons.    Nat.  size. 
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Stem  erect,  terete,  succulent,  ultimately  woody,  finely  pubescent, 
pale  green  or  reddish,  soon  becoming  brown ;  1st  internode  l-5-3'3 
cm.  long. 

Leaves  simple,  entire,  cauline,  alternate  (first  two  opposite), 
exstipulate,  petiolate,  glabrous,  or  thinly  glandular-pubescent  on  the 
midrib  on  both  surfaces,  alternately  incurvinerved,  with  the  nerves 
branching  towards  the  margin  and  ending  in  a  colourless  cartila- 
ginous fine  surrounding  the  leaf,  shining  green  above,  paler  and 
shining  beneath  ;  petioles  short,  semiterete,  channelled  above,  thinly 
glandular-pubescent. 

Nos.  1  and  2.  Lanceolate,  obtuse,  suddenly  tapering  to  the  base. 


ScMnus  MoUe,  L.  (fig.  259). 

Fruit  a  drupe,  one-celled,  one-seeded  ;  mesoearp  fleshy  or  pulpy, 
very  scanty  ;  endocarp  of  two  layers,  of  which  the  outer  on  the  sides 
of  the  fruit  is  hollowed  in  several  places  forming  oil  receptacles  ; 
inner  hard  and  bony. 

Seed  transverse  to  the  receptacle  of  the  fruit,  irregularly  oblong 
or   subovate,  suspended 

from  the  side  of  the  cell,  ^  B 

laterally  compressed  and 
conforming  to  the  interior 
of  the  endocarp  ;  testa 
thin ;  hilum  and  micropyle 
at  one  side  of  the  ovary 
and  superior  or  nearly  so. 

Endosperm  irregular, 
surrounding  the  embryo, 
thick  in  some  places  and 
thin  at  others,  fleshy, 
white. 

Evibryo  comparatively 
large,  nearly  equalling  the 
length  and  breadth  of 
the  endosperm,  yellowish ; 
cotyledons  ovate,  obtuse, 
entire,  nearly  or  quite  of 
the  same  thickness  across 
the  breadth  of  the  seed, 
trmerved,  often  undulated  in  accordance  with  the  undulated  or 
wavy  interior  of  the  endocarp,  with  their  basal  edges  to  the 


Fig.  259. — Schiivus  Molle,  x  3.  A,  germinating 
seed.    B,  seedling  four  days  after  germination. 
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placenta  ;  radicle  terete,  obtuse,  ascending  at  the  basal  ends  of  the 
cotyledons. 

Germination. — The  primary  root  in  germination  pushes  out  at 
the  side  of  the  fruit  through  a  narrow  longitudinal  slit  between 
two  of  the  numerous  obtuse  ridges  formed  by  the  swollen  vittas  or 
oil-containing  cavities.  The  primary  root  and  hypocotyl  are  already 
stout,  and  the  former  is  well  furnished  with  root-hairs.  The  hypo- 
cotyl, having  elongated  and  straightened,  pulls  the  cotyledons  out 
of  the  fruit. 

Seedling. 

Hypocotyl  woody,  erect,  terete,  finely  pubescent,  pale  brown, 
about  13  mm.  above  soil. 

Cotyledons  ovate,  obtuse,  petiolate,  coriaceous,  glabrous,  tri- 
nerved,  reticulate ;  lamina  slightly  unequal  at  the  base,  14  mm. 
long,  7-5  mm.  broad  ;  petioles  channelled  above,  pubescent,  1-5  mm. 
long. 

Stem  woody,  erect,  terete,  finely  pubescent,  pale  brown  ;  1st  inter- 
node  14-5  mm.  long ;  2nd  11  mm. ;  3rd  8  mm.  ;  4th  11  mm. ;  oth 
8  mm.;  6th  18  mm. ;  7th  14-5 mm. ;  8th  18-5  mm. ;  Oth  13-5  mm.; 
10th  11  mm. 

Leaves  compound  (primary  simple),  cauline,  alternate  (first  two 
opposite),  exstipulate,  petiolate,  pubescent  on  the  petiole  and  midrib 
above;  leaflets  alternately  penninerved,  subreticulate,  deep  green 
above  with  paler  nerves,  paler  beneath  ;  petioles  semiterete,  chan- 
nelled above. 

Nos.  1  and  2.  Opposite,  lanceolate,  acute,  acutely  serrate,  as  are 
all  the  succeeding  ones. 

No.  3.  Alternate,  lanceolate,  with  a  lobe  on  one  side  at  the 

base. 

No.  4.  Lanceolate,  with  a  lobe  on  each  side  at  the  base. 
Nos.  5  and  6.  Digitately  trifoliolate  ;  leaflets  lanceolate,  with 
the  terminal  one  many  times  larger  than  the  lateral  ones. 
No.  7.  Imperfectly  trifoliolate. 

Nos.  8-12.  Digitately  trifoliolate ;  lateral  pair  small,  lanceolate ; 
terminal  one  lanceolate,  elongate  or  oblong-lanceolate,  many  times 
larger  than  the  lateral  ones. 

Ultimate  leaves  imparipiilnate  with  eight  to  thirteen  pau-s  of 
opposite  or  alternate,  lanceolate,  acute,  acutely  serrate  leaflets ;  sessile 
and  frequently  cut  away  at  the  base  on  the  posterior  side  ;  basal  ones 
longest,  gradually  becoming  smaller  to  the  uppermost  pair  ;  termmal 
leaflet  longest  of  all,  lanceolate,  acute,  acutely  serrate. 
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Schinus  terebinthifolius,  Baddi. 

Fruit  a  drupe,  globose,  glabrous,  bright  scarlet  when  mature, 
tipped  with  the  persistent  base  of  the  terminal  style  ;  epicarp  thin, 
crustaceous ;  mesocarp  pulpy  ;  endocarp  with  oil  receptacles  as  in 
S.  Molle. 

Seed  conforming  to  the  interior  of  the  endocarp,  transverse  to 
the  fruit,  reniform,  with  the  sinus  lateral,  laterally  compressed 
and  somewhat  undulated,  glabrous,  pale  brown ;  testa  thin, 
membranous  ;  funicle  suspending  the  seed  at  one  end ;  hilum 
and  micropyle  contiguous  ;  raphe  ventral  as  well  as  the  chalaza, 
both  lying  in  the  sinus,  deeper  brown  than  the  rest  of  the 
testa. 

Endosperm  as  in  S.  Molle  but  much  thicker  at  the  backs  of  the 
cotyledons. 

Embryo  curved,  large  in  proportion  to  the  size  of  the  seed, 
greenish-yellow,  lying  in  the  broadest  plane  of  the  seed,  transversely 
to  the  axis  of  the  fruit ;  cotyledons  oblong  or  ovate-oblong,  slightly 
cordate  at  the  base,  otherwise  entire,  accumbent,  trinerved  at  the 
base,  flat  and  closely  applied  face  to  face,  often  slightly  twisted, 
lying  with  their  edges  to  the  base  of  the  fruit  and  their  lower  edges 
obliquely  to  the  lateral  placenta ; 
radicle  terete,  rather  elongated,  de- 
scending and  parallel  with  the  fmiicle 
and  with  its  tip  close  to  the  micropyle. 

Seedling  (fig.  260). 

Cotyledons  ovate-oblong,  subfal- 
cate,  very  similar  to  those  of  S.  Molle. 

Stem  as  in  S.  Molle. 

Leaves. — Nos.  1  and  2.  Opposite, 
simple,  ovate,  acute,  acutely  serrate, 
alternately  penninerved  with  the 
nerves  running  straight  into  the 
teeth. 

No.  3.  Alternate,  trifoliolate  ;  terminal  leaflet  much  the  largest, 
lanceolate,  acute,  acutely  serrate ;  lateral  ones  similar,  much 
smaller. 

Odina  Wodier,  Boxh. 

Eypocotyl  erect,  terete,  glabrous,  pale  green,  2-5-3-5  cm.  long. 
Cotyledons  lanceolate,  falcate,  obtuse,  petiolate,  entire,  with  a 
wide  very  shallow  sinus  on  one  side ;  lamina  trinerved  from  base . 


Fig.  260. 

Schinus  terebintJiif alius. 
Two-thirds  nat.  size. 
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to  apex,  subcoriaceous,  glabrous,  deep  green  above,  much  paler 
beneath,  2*3-2-7  cm.  long,  7-8  mm.  wide  about  or  below  the 
middle  ;  petiole  flattened  above,  convex  on  the  back,  3-3'5  mm, 
long. 

Stem  erect,  terete,  glabrous,  green  in  the  young  state  ;  1st  inter- 
node  about  11*5  mm.  long;  2nd  7'5  mm. ;  3rd  6*5  mm. ;  4th  8  mm.; 
6th  8  mm. ;  6th  6  mm. ;  7th  2  mm. 

Leaves  simple  at  first,  ultimately  imparipinnate,  cauline,  alter- 
nate (first  two  opposite),  exstipulate,  petiolate,  alternately  incurvi- 
nerved  and  reticulate,  glabrous,  deep  shining  green  above,  much 
paler  beneath  ;  leaflets  opposite  (crenate-serrate  in  specimen,  said 
to  be  entire)  ;  petioles  semiterete,  channelled  above  with  rather 
acute  edges,  narrowed  upwards  from  a  stout  base,  glabrous,  green. 

Nos.  1  and  2.  Lanceolate,  subacuminate,  obtuse,  opposite, 
crenate-serrate,  as  are  the  following. 

Nos.  8-7.  Broadly  ovate,  subacuminate,  obtuse,  varying  in  size, 
rounded  at  the  base  or  sometimes  shallowly  cordate. 

No.  8.  Trifoliolate ;  leaflets  subelliptic,  obtuse,  sometimes 
shortly  acuminate. 

Duvaua  dependens,  Kunth. 

Hypocotyl  erect,  terete,  finely  pubescent,  pale  green  or  usually 
reddish  ;  l-6-3'6  cm.  above  the  soil. 

Cotyledons  oblong-oval  or  subovate,  entire,  obtuse,  glabrous, 
deep  green  above,  paler  beneath,  shortly  petiolate,  indistinctly  tri- 
nerved  at  the  base  and  with  a  few  short  alternate  nerves  upwards, 
all  of  which  are  seen  only  from  the  under  side  of  the  cotyledon ; 
lamina  6-10  mm.  long,  5-7  mm.  wide  ;  petiole  about  1-5  mm.  long, 
flat  or  slightly  grooved  above. 

Stem  woody,  erect  in  seedling,  terete,  finely  pubescent  with  de- 
curved  hairs,  pale  green  or  reddish ;  1st  internode  1-15-1'55  cm. 
long  ;  2nd  generally  undeveloped ;  3rd  1-1-3  cm. 

Leaves  simple,  cauline,  alternate  (first  and  second  opposite),  ex- 
stipulate,  shortly  petiolate,  glandular-pubescent  on  the  petiole  and 
midrib,  otherwise  glabrous  or  nearly  so,  alternately  penninerved, 
deep  green,  shining  ;  petioles  short,  slightly  channelled  above. 

Nos.  1  and  2.  Ovate,  acute,  irregularly  serrate. 

Nos.  3-9.    Ovate,  acute,  doubly  serrate. 
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MORINGEiE. 

Benth.  et  Hook.  Gen.  PI.  i.  429. 

Fruit  and  Seed. — The  one-celled  ovary  of  this  Order  is 
syncarpous,  consisting  of  three  carpels,  with  as  many  pari- 
etal placentas,  and  numerous,  pendulous,  anatropous  ovules 
arranged  in  a  double  series.  The  raphe  is  ventral,  and  very 
prominent.  The  fruit  is  a  long,  torulose,  three-  to  six-  to 
twelve-angled,  one-celled  pod,  bursting  by  three  valves  when 
mature. 

The  seeds  are  large,  ovoid,  three-winged  or  wingless,  seated 
in  a  single  row  upon  each  of  the  placentas,  and  separated 
by  a  spongy  development  of  the  same ;  the  wings  and  chalaza 
are  corky  or  membranous.  Endosperm  is  wanting,  and  the 
large  fleshy  embryo  with  almond-shaped  cotyledons  occupies 
the  whole  interior  of  the  seed.  The  extremely  short  radicle 
is  mcluded  between  the  bases  of  the  cotyledons,  and  lies 
close  to  the  micropyle  at  the  hilar  end  of  the  seed.  The 
plumule  is  well  developed,  and  shows  the  primary  leaves, 
which  are  compound. 

Seedlings. — The  Moringese  constitute  a  very  small  Order,  in- 
cluding only  three  species  belonging  to  Moringa,  the  only  genus. 

The  fleshy  cotyledons  of  Moringa  aptera  are  subterranean, 
and  never  leave  the  testa.  The  first  six  leaves  are  pinnately 
trifoHolate  with  entire  or  tridentate  leaflets  and  linear,  caducous 
stipules  that  appear  filiform  from  being  longitudinally  revolute. 

In  other  species  the  stipules  are  absent,  or  consist  of  glands 
sometimes  stipitate. 

The  leaves  of  the  adult  are  bipinnate,  or  simply  pinnate 
towards  the  end  of  the  branches,  and  ultimately  simple  and 
spathulate.  All  fall  early,  and  the  tree  becomes  leafless.  The 
root  of  the  seedling  forms  a  fleshy  tuber  with  a  pungent  taste 
like  a  radish,  and  is  edible. 

Moringa  aptera,  GcRrtn. 
Hypocotyl  subterranean. 

Cotyledons  subterranean  and  remaining  in  the  testa,  plano- 
convex, fleshy. 
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Stem  succulent  in  the  seedling  stage,  soon  becoming  woody, 
erect,  terete,  glabrous,  pale  green  suffused  with  red ;  1st  internode 
varying  in  length  from  5-8-5  cm. ;  2nd  about  2-3  cm.  ;  3rd  1-2  cm. ; 
4tli  8  mm. ;  5th  5  mm. ;  Gth  3  mm. 

Leaves  compound,  cauline,  alternate,  stipulate,  glabrous,  glau- 
cous ;  leaflets  articulated,  deciduous,  or  caducous ;  petiolules 
minutely  stipellate ;  petioles  terete,  tapering  upwards,  glabrous, 
glaucous ;  stipules  linear  or  revolute  longitudinally  and  appearing 
fihform,  acute,  reddish,  caducous,  and  quite  free  from  the  petiole. 

Nos.  1  and  2.  Trifoliolate,  less  often  five-foliolate ;  lateral 
leaflets  oval,  cuspidate,  entire  ;  terminal  leaflet  rhomboid,  cuspidate, 
obsoletely  serrate  along  the  upper  half. 

Nos.  3  and  4.  TrifoHolate  ;  lateral  leaflets  as  in  Nos.  1  and  2 ; 
terminal  leaflet  obovate  or  subelliptic,  minutely  cuspidate,  entire. 

Nos.  5  and  6.  Trifoliolate  ;  lateral  leaflets  as  before  ;  terminal 
leaflet  subrhomboid,  trinerved,  trifid,  with  triangular  cuspidate 
lobes  or  teeth,  the  middle  one  of  which  is  much  the  largest,  other- 
wise entire. 

Leaves  of  adult  (a  tree  of  12  feet)  bipinnate  or  simply  pmnate 
towards  the  apex  of  the  branches;  ultimately  on  the  slender 
branches  they  are  opposite,  simple,  spathulate,  entire,  shortly 
petiolate,  and  hoary. 


LEGUMINOS.E. 

Benth.  et  Hook.  Gen.  PI.  i.  434. 

Fruit  and  Seed—The  pistil  is  monocarpellary  with  a  few 
exceptions  such  as  Swartzia  dicarpa,  Pultenaea  obovata,  and  a 
few  of  the  CfesalpinieEB  where  there  are  two  carpels.  From  two 
to  five  occur  in  Affonsea.  The  ovary  is  one-ceUed,  and  bears 
usually  several  or  numerous  ovules,  arranged  in  one  or  two  rows 
along  the  ventral  suture,  rarely  only  one  ovule  is  present.  The 
ventral  suture  faces  the  odd  petal  termed  the  vexiUum  ui 
papilionaceous  flowers.  The  ovules  are  superposed,  amphi- 
tropous,  or  anatropous,  and  transversely  asceudmg  or  pend- 
ulous. The  fruit  is  termed  a  legume,  and  is  strictly  so  when 
it  is  dry  and  dehisces  along  both  the  ventral  and  dorsal 
suture;  but  it  is  sometimes  fleshy  or  pulpy,  as  in  Tamanndus 
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indiciTS,  or  dry,  thick,  leathery,  and  indehiscent,  as  in  Ceratonia 
SiHqua,  nut-hke  as  in  Arachis  hypoga3a,  or  rarely  drupaceous. 
Sometimes  it  dehisces  by  the  ventral  suture  only,  like  a 
follicle ;  in  other  cases,  as  in  Hedysarum  and  in  some  species 
of  Desmodium,  it  is  lomentaceous.  The  internal  cavity  is 
continuous,  or .  divided  transversely  by  spurious  septa,  as  in 
Entada,  Tamarindus,  some  of  Ihe  Cassias,  Ceratonia  Siliqua, 
and  others. 

The  testa  is  coriaceous,  bony,  or  greatly  thickened,  rarely 
membranous.  The  funicle  is  thickened,  or  arillate  in  many 
instances,  or  there  is  a  thickened  process  near  the  hilum, 
termed  a  strophiole.  Endosperm  is  wanting  or  scanty  in  the 
suborders  Papihonacese  and  Mimosese ;  when  present  it  is  un- 
equally distributed,  and  collected  in  greatest  quantity  round 
the  radicle,  so  as  to  occupy  the  space  not  filled  by  the  embryo. 
Swartzia  madagascariensis,  belonging  to  the  Papilionacete,  is 
exceptional  in  having  small  seeds  with  a  copious  endosperm. 
Albuminous  seeds  are  the  rule  in  the  suborder  Cffisalpinieffi, 
and  in  many  of  the  species  belonging  to  it  the  endosperm  is 
■copious  and  cartilaginous. 

The  embryo  is  large  and  occupies  the  whole  of  the  seed 
where  endosperm  is  wanting.  The  cotyledons  are  flat  or 
plano-convex,  and  foHaceous,  or  thick,  fleshy,  and  frequently 
subterranean  in  germmation.  The  radicle  in  this  case  is 
superior,  mcurved,  accumbent,  and  where  it  is  of  appreciable 
length  it  is  so  much  curved  as  to  come  down  on  the  ventral 
face.  In  such  cases  the  ovule  and  seed  are  amphitropous.  In 
some  rare  cases  the  radicle  is  inferior.  The  embryo  is  gene- 
rally straight  in  the  Csesalpmiete,  particularly  where  a  copious 
endosperm  is  present. 

The  seeds  observed  may  be  divided  into  two  groups,  namely 
those  with,  and  those  without,  endosperm.  This  does  not 
always  indicate  the  closest  affinities,  although  in  most  cases 
the  two  groups  belong  to  different  suborders.  It  may  be  con- 
venient to  subdivide  the  latter  group  into  two,  according  to 
some  peculiarity  of  the  cotyledons.  Phaseolus  multiflorus 
(fig.  289)  may  be  given  as  a  type  where  the  cotyledons  are 
slightly  unequal  at  the  base,  owing  to  the  space  being  occupied 
by  the  radicle.     This  is  more  markedly  the  case  in  many 
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or  most  species  of  Lupinus  both  before  and  after  germination, 
including  L.  mutabilis,  L.  micranthus,  and  L.  sulphureuB. 
The  cotyledons  of  the  latter  are  also  connate  at  the  base. 
To  this  type  the  following  agree  in  all  general  particulars, 
namely,  Hedysarum  neglectum,  H.  coronarium  (fig.  280), 
Lathyrus  macrorhizus,  Vicia  sativa,  Astragalus  galegiformis, 
and  Canavalia  virosa. 

The  seeds  of  those  mentioned  vary  considerably  in  size 
and  shape,  in  the  amount  of  space  occupied  by  the  radicle, 
and  the  shape  of  the  latter.  In  Lupinus  mutabilis  the  radicle 
is  trigonous,  and  in  L.  micranthus  it  is  flattened  and  biconvex 
owing  to  pressure.  In  most  cases  the  seeds  are  laterally  flat- 
tened, and  many  of  them  are  oblong,  while  others,  such  as 
Lathyrus  odoratus,  and  L.  macrorhizus,  are  globular.  Those 
of  Canavalia  virosa  and  Phaseolus  multiflorus  are  notable  for 
their  size.  A  rather  exceptional  case  occurs  in  Caragana 
arborescens,  where  the  cotyledons,  although  normally  accum- 
bent,  are  often  obliquely  so,  and  sometimes  even  incumbent. 
The  cotyledons  are  occasionally  unequal  m  thickness.  The 
segments  of  the  lomented  fruit  of  Hedysarum  coronarium  and 
others  are  remarkable  for  the  number  of  outgrowths  or  ex- 
crescences, often  hooked,  from  their  sm-face  and  sutures. 

The  second  subgroup  includes  a  considerable  number  of 
species  the  cotyledons  of  which  are  more  or  less  indented  on 
one  side  owing  to  a  thickening  or  indentation  at  the  hilum. 
This  type  may  be  represented  by  CHtoria  Ternatea  (fig.  286), 
which  has  a  transversely  oblong  seed.  The  base  of  the  coty- 
ledons is  also  more  or  less  unequal,  or  cut  away  on  one  side, 
owing  to  the  space  being  occupied  by  the  radicle  as  in  the  last 
subgroup.  Here  may  be  classed  Ononis  arvensis,  Medicago 
sativa,  M.  rigida,  ^schynomene  aspera,  and  Swainsonia 
galegifolia. 

In  all  these  cases  the  seeds  vary  gi-eatly  in  shape.  Those 
of  Ononis  arvensis  are  nearly  globular,  and  covered  with  small 
tubercles ;  in  the  species  of  Medicago  there  is  a  special  develop- 
ment of  the  testa  on  one  side  of  the  seed  to  accommodate  the 
radicle.  The  indentation  on  the  side  of  the  seeds  of  ^schy- 
nomene  aspera  is  so  deep  as  to  make  them  curved  or  reniform. 
Those  of  Swainsonia  galegifolia  are   broadly  cordate  and 
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laterally  comiDressed,  unequally  auricled  at  the  base.  The 
cotyledons  are  oblong,  j)lano-convex,  and  unequal-sided,  owing 
to  the  basal  notch  of  the  seed ;  the  radicle  is  bent  at  right  angles 
to  the  cotyledons  along  the  basal  edge  of  which  it  lies,  and 
then  projects  beyond  them  into  the  smaller  auricle  of  the  seed, 
■where  it  becomes  embedded  in  a  thickened  portion  of  the  testa 
at  the  micropyle. 

Seeds  containing  endosperm  may  be  subdivided  into  those 
havmg  a  curved  or  bent  radicle,  and  those  having  an  entirely 
straight  embryo.  The  first  is  represented  by  Laburnum 
vulgare  (fig.  266),  Sesbania  ajgyptiaca,  and  Kennedya  rubi- 
cunda.  The  cotyledons  of  all  are  unequal  at  the  base  owing 
to  the  position  of  the  radicle,  and  indented  at  the  sides  owing 
to  a  thickening  at  the  hilum.  All  three  belong  to  the  suborder 
Papihonacese,  and  have  a  small  quantity  of  endosperm,  except 
in  the  case  of  Sesbania  segyptiaca  (fig.  276),  where  there  is  a 
considerable  quantity  on  the  backs  of  the  cotyledons,  which 
are  therefore  thin.  A  remarkable  exception  occurs  in  Scor- 
piurus  sulcata,  and  other  species,  in  which  the  embryo  is 
variously  twisted  and  narrow,  with  the  intervening  spaces 
occupied  by  endosperm. 

The  seeds  having  a  straight  embryo  belong  to  the  suborder 
Csesalpiniete.  The  radicle  is  slightly  bent  or  curved  in  Cassia 
Sophora,  and  accumbent,  thus  forming  a  transition  state  be- 
tween this  and  the  last  subgroup.  A  good  type  of  the  sub- 
group is  shown  in  Cassia  Fistula  (fig.  301).  The  cotyledons 
are  here  more  or  less  twisted.  The  outer  coat  of  the  seed 
becomes  separated  from  the  rest,  forming  a  broad,  white, 
torn  band  down  the  middle  of  both  surfaces.  Cassia  Absus 
and  Cercis  Siliquastrum  have  orbicular  cotyledons,  notched 
at  the  base  to  accommodate  the  radicle.  Cassia  obovata  is 
remarkable  for  the  small  size  of  its  embryo,  which  may 
be  due  to  the  fact  that  the  seeds  are  ruminated  to  a  con- 
siderable depth  from  the  periphery.  The  cotyledons  are 
orbicular.  In  all  the  species  of  Cassia  mentioned  the  endo- 
sperm is  rather  copious  and  cartilaginous  or  horny  when 
dry. 

SeedUngs.-T^he  prevailing  type  of  cotyledons  throughout 
ine  Order  is  oblong  ;  but  there  are  several  important  modifica- 
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tions,  such  as  those  having  an  indentation  at  the  sides  making 
them  falcate,  while  others  are  unequal  at  the  base.    A  third 
modification  consists  in  cotyledons  which  are  cordate  or 
auricled  at  the  base.   Others  are  worthy  of  note,  but  it  may  be 
convenient  to  class  them  under  the  head  of  exceptional  cases. 
Even  in  the  typical  oblong  form  there  are  numerous  mmor 
variations  such  as  hnear-oblong,  broadly-oblong,  oval-oblong, 
obovate-oblong,  or  spathulate-oblong.    In  aU  cases  they  con- 
form to  the  shape  and  size  of  the  seed,  and  the  modifications  to 
some  pecuharity  of  the  same,  the  development  of  the  embryo, 
the  presence  or  absence  of  endosperm  in  the  seed,  or  in  a  few 
cases  to  subsequent  growth,  i.e.  during  or  after  germmation. 
Forms  of  one,  two,  or  three  kinds  are  pecuhar  to  certain 
tribes,  so  that  in  the  subjoined  classification  it  would  be  con- 
venient to  notice  the  various  kinds  occurring  m  their  respective 
tribes  as  far  as  they  have  come  under  observation,  and  to  note 
there  the  exceptional  cases.    This  applies  more  particularly 
to  the  suborder  Papilionace®  than  to  the  Caesalpmieffi  and 
Mimoseae,  where  endosperm  is  more  frequently  present,  and 
the  embryo  is  often  straight. 

Suborder  Papilionacb^  . 

Tribe  Poclalyriece.—The  cotyledons  of  Chorizema  cordi- 
foHum  (fig.  261)  and  C.  ihcifolium  are  narrowly  oblong  and 
one-nerved.    The  first  two  leaves  are  sometimes  opposite 
and  obovate,  emarginate,  or  obcordate,  succeeding  ones  bemg 
alternate.    Four  pairs  of  the  primary  leaves  of  Pultensa 
daphnoides  are  opposite,  narrowly  obovate,  generally  apicu- 
late   and  all  are  simple.    Podalyi-ia  austrahs  has  broadly 
oblong  cotyledons  and  alternate  leaves,  the  first  bemg  obovate 
and  simple,  while  succeeding  ones  are  digitately  trifoliolate. 
A  very  striking  exception  occurs  m  Vimmana  denudata  (lig- 
262)  with  linear  cotyledons.    The  leaves  show  a  curious  case 
of  the  gradual  abortion  of  the  lamina  and  the  elongation  ot 
the  petioles.     The  seventh,  eighth,  and  ninth  have  three 
minute  teeth  at  the  apex  of  the  petiole  as  the  representative, 
of  as  many  aborted  leaflets. 

Tribe  GeniMece.—CotyledonB  conforming  to  the  leaain^, 
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oblong  type  are  shown  by  Plovea  longifolia,  Goodia  lotifolia, 
Eetama  Koetam,  Ulex  europseus  (%.  268),  and  species  of 
Cytisus.  The  first  three  leaves  of  Goodia  lotifolia  are  pseudo- 
verticillate,  a  very  rare  circumstance.  Two  are  broadly  ovate 
and  simple,  while  the  third  leaf  is  pinnately  trifoliolate 
and  inserted  at  right  angles  to  the  other  two,  but  on  the 
same  level,  owing  to  the  internode  not  being  developed.  The 
first  seven  leaves  of  Eetama  Eoetam  are  simple,  alternate, 
and  smaller  than  the  cotyledons.  A  remarkable  amount  of 
variation  is  noticeable  in  the  leaves  of  different  seedlings  of 
Ulex  europseus.  In  some  the  leaves  are  all  simple,  in  others 
the  primary  leaves  are  simple,  while  those  that  succeed  them 
are  trifoliolate ;  in  other  cases  the  leaves  are  all  trifoliolate. 
They  are  opposite  or  alternate  apparently  indiscriminately. 
All  ultimately  become  modified  into  simple  spines,  or  may  be 
altogether  aborted,  while  the  branches  form  compound,  or 
branching  sj)ines. 

Two  of  the  leading  modifications  occur  in  this  tribe,  with 
some  exceptional  cases.    Bossiaea  linophylla  (fig.  263)  shows 
oblong  cotyledons  slightly  indented  at  the  sides,  a  peculiarity 
due  to  a  thickening  or  an  indentation  at  the  chalaza  of  the 
seed.    Others  agreeing  with  this  type  are  B.  rufa,  Laburnum 
alpinum,  L.  vulgare  (fig.  267),  Genista,  Crotalaria  qumque- 
folia,  and  other  species  of  Crotalaria.    The  indentation  is 
very  marked  in  the  last  genus.    Spartocytisus  nubigenus  has 
spathulate  cotyledons  and  is  somewhat  exceptional  in  that 
respect;  the  first  four  leaves  are  digitately  trifoliolate  with 
narrowly  linear  leaflets.    Bossiaea  linophylla  has  the  first 
three  leaves  like  those  of  Goodia  lotifolia  except  that  the  odd 
one,  like  the  two  following,  is  simple.    All  the  five  are  obcor- 
date,  while  the  ultimate  leaves  are  Hnear.    The  first  five  leaves 
of  B.  rufa  are  oval-elliptic,  the  first  pair  being  opposite,  the 
rest  alternate.    The  first  leaf  of  Crotalaria  quinquefolia  is 
obovate,  obsoletely  trifid,  and  alternate,  but  in  other  species 
the  first  pair  are  opposite.    The  leaves  of  the  two  common 
species  of  Laburnum  are  alternate  and  digitately  trifoliolate 
from  the  first.    A  second  well-marked  modification  is  met  with 
in  the  genus  Lupinus.    The  cotyledons  are  unequal  at  the 
base,  a  peculiarity  due  to  the  radicle  being  sharply  bent  round 
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their  basal  end  in  the  seed,  thus  occupying  the  space  that 
would  otherwise  be  appropriated  by  them.  Lupinus  arboreus 
(fig.  264),  L.  elegans,  L.  micranthus,  and  others  represent 
this  type.  The  cotyledons  are  generally  petiolate ;  but  in 
L.  hnifolius  they  are  subsessile  and  strongly  falcate,  being 
quite  exceptional.  A  more  unusual  case  occurs  in  L.  sul- 
phureus  (fig.  265)  and  L.  recurvatus,  where  the  cotyledons 
are  strictly  sessile  and  connate  along  the  whole  of  their  basal 
edges.  Those  of  the  former  are  suborbicular,  and  the  pecuhari- 
ties  exist  while  the  embryo  is  still  in  the  seed.  The  leaves  of 
the  various  species  of  Lupinus  are  digitately  compound  from 
the  first,  with  linear  or  lanceolate  leaflets  varying  greatly  m 
number. 

Trihe  Trifoliea.—As  far  as  shape  is  concerned,  the  leadmg 
type  of  cotyledons  is  the  prevalent  one  in  this  tribe ;  they 
are  usually  small  and  narrowly  oblong.    The  first  leaf  is 
simple  or  consists  of  one  leaflet,  while  succeeding  ones  are 
pinnately  trifoliolate.    To  this  tribe  belong  Pococlda  cretica, 
Trioonella  corniculata,  T.  gladiata,  Medicago  maculata,  M. 
orbicularis  (fig.  271),  Melilotus  officinalis,  M.  parviflorus,  M. 
albus,  M.  leucantha,  Trifolium  Boissieri  (fig.  272),  T.  repens. 
T  redenakum,  T.  minus,  T.  subterraneum,  and  others.  The 
lamina  of  the  cotyledons  is  often  articulated  with  its  petiole, 
notably  in  the  species  of  Trigonella,  Melilotus,  and  Trifohum. 
A  slight  departure  from  the  above  type  is  met  with  m  Ononis 
Natrix  (fig  270)  and  0.  ornithopodioides,  where  the  cotyledons 
are  broadly  oblong  or  broadly  ovate  and  hairy,  or  glandular- 
pubescent     The  first  three  leaves  of  Ononis  rotundifoha  and 
first  four  of  0.  ornithopodioides  and  0.  Natrix  are  simple, 
while  those  that  succeed  are  pinnately  trifoliolate ;  but  these 
numbers  may  vary  in  different  individuals.    The  cotyledoiis 
of  Trigonella  Foenum-grsecum  are  chiefly  notable  for  then 

^'^^Cases  of  severe  competition  amongst  the  seedhngs  of  a 
smgle  fruit  occur  in  species  of  Medicago  where  the  indehiscen 
spirally  coiled  pod  contains  a  large  number  of  seeds.    This  is 
well  represented  by  M.  orbicularis.  _ 

Tribe  Lotece.-A  few  cases  occur  in  this  tribe,  as  in  tbe 
GenistesE  where  the  cotyledons  are  falcate,  as  in  Lotus  biflorus, 
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or  indented  on  the  sides,  as  in  Antliyllis  Vulnei'flria  (fig.  273). 
The  first  three  leaves  at  least  of  the  latter  species  are  elliptic 
and  entire.  An  exception  to  the  prevalent  form  occurs  in 
Lotus  peliorhynchus,  where  the  cotyledons  are  linear  or  linear- 
oblong,  and  the  first  leaf  is  digitate  with  five  narrowly  linear 
hairy  leaflets.  A  more  remarkable  deviation,  not  only  from  the 
type  in  the  tribe,  but  from  the  Papilionacete  generally,  occurs  in 
Lotus  Tetragonolobus,  where  the  cotyledons  are  broadly  oblong 
and  cordate  at  the  base.  The  leaves  are  pinnately  trifoliolate 
from  the  first.  Instead  of  one  axis  taking  the  lead  in  this 
species,  two  stems,  apparently  of  equal  strength,  are  developed, 
together  with  a  pair  of  smaller  ones,  as  if  the  plumule  before  or 
during  germination  divided  into  four.  This  was  so  in  the  case 
of  seventy-six  out  of  one  hundred  and  nine  seedlings  observed. 
It  is  most  probable,  however,  that  the  supernumerary  axes 
arise  from  the  axils  of  the  cotyledons.  A  similar  thing  takes 
place  in  L.  biflorus,  where  four  or  more  axes  are  developed  at 
an  early  stage  of  the  seedling.  A  better  illustration  is  afforded 
by  L.  peHorhynchus,  where  the  primary  axis  becomes  decum- 
bent, but  maintains  its  supremacy  while  other  axes  vary- 
ing in  number  from  three  to  seven  spring  up  in  succes- 
sion, apparently  by  adventitious  budding  from  the  same 
level  as  the  primary  one  or  even  below  it,  displacing  the 
latter. 

Tribe  Galegea. — A  large  number  of  species  belonging  to 
this  tribe  have  cotyledons  of  the  prevailing  type  of  the  Order. 
A  number  of  them  resemble  those  of  the  TrifoHefe  generally  in 
being  narrowly  oblong ;  and  a  good  proportion  recall  Laburnum 
by  the  cotyledons  being  indented  on  the  sides.  Narrowly 
oblong  tyi^es  are  represented  by  Indigofera  austrahs  (fig.  274) 
and  other  species,  also  by  Galega  officinalis,  Carmichtelia  pilosa, 
Sesbania  eegyptiaca,  S.  coccinea,  and  Swainsonia  oncinotropis. 
The  elongated  and  oblong- spathulate  cotyledons  of  the  latter 
appear  to  be  due  to  growth  after  germination.  A  curious  case 
occurs  in  Sesbania  coccinea,  where  the  cotyledons  have  an  inter- 
petiolar,  subulate  stipule.  Out  of  thirty  seedhngs  tAventy-ono 
had  the  first  pair  of  leaves  simple  and  opposite,  while  the  other 
nine  had  the  first  leaf  only  simple.  The  solitary  leaflet  always 
terminated  the  petiole,  but  from  the  third  leaf  onwards  tho 
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leaves  are  abruptly  pinnate.  The  first  pair  of  leaves  in  this 
species  and  in  Indigofera  australis  (fig.  274)  being  opposite  and 
simple  recalls  what  occurs  in  the  tribe  PhaseolesB  as  described 
below.  The  early  stage  of  Galega  officinalis  recalls  that  of  a 
Trifolium  or  Melilotus.  This  is  also  the  case  with  Carmichajlia 
pilosa,  but  the  first  four  leaves  at  least  are  simple,  obcordate, 
and  small.  The  leaves  of  the  adult  plant  are  often  exactly 
similar  to  the  primary  ones,  but  some  of  them  are  pinnately 
trifoholate  or  imperfectly  so.  Broadly  oblong-oval  cotyledons 
occur  in  Eobinia  Pseud- Acacia  (fig.  275)  and  in  some  species 
at  least  of  Colutea.  The  first  leaf  of  the  former  is  simple  and 
the  second  pinnately  trifoliolate.  Both  this  species  and  In- 
digofera austraUs  as  well  as  Galega  officinahs  show  a  gradual 
evolution  of  the  leaves. 

Large  and  broadly  oblong  cotyledons  more  or  less  falcate 
and  sinuate  on  the  sides  or  unequal  at  the  base  occm-  in 
Psoralea  sp.,    Sesbania  tomentosa   (fig.   277),  S.  grandi- 
flora,  Calophaca  grandiflora,  in  a  new,  mmamed  species  of 
Calophaca,  As]tragalus  juvenalis,  and  A.  thianschanicus  (fig. 
278).    Those  of  A.  sulcatus  are  much  smaller,  and  both  tm-ned 
to  one  side  of  the  stem,  as  are  also  those  of  the  uimamed  species 
of  Calophaca,  and  Astragalus  juvenahs.    This  phenomenon, 
together  with  the  shortness  of  the  petioles  and  the  fleshy 
character  of  the  lamma  generally,  indicates  a  tendency  on 
the  part  of  the  cotyledons  to  become  subterranean.  The 
•first  leaf  of  Astragalus  sulcatus  is  generally  digitately  tri- 
foliolate, while  the  second  bears  only  the  terminal  leaflet, 
but  individuals  may  vary;  and  there  is  a  gradual  evolu- 
tion of  the  leaves  from  those  of  the  small  or  weak  seedhug 
to  the  adult  plant  which  has  imparipinnate  leaves  with  very 
numerous  le^iflets.    The  other  species  of  Astragalus  above- 
mentioned  also  show  a  very  gradual  evolution  of  the  leaves. 
The  two  first  leaves  of  Psoralea  sp.  are  cordate  and  oppo- 
site.    All  the  four   species  of  Sesbania  above-mentioned 
show  a  remarkably  abrupt  form  of  evolution.    The  first  leaf 
of  S.  grandiflora  is  lanceolate-oblong,  of  considerable  size, 
and  simple,  while  the  second  leaf  is  abruptly  pinnate  with 
four  pairs,  and  the  third  with  five  pairs  of  narrowly  oblong 
leaflets.     The  first  leaf  of  S.  tomentosa  is  obovate-obloug 
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and  simple,  while  the  second  cand  third  are  abruptly  pinnate 
with  three  and  four  pairs  of  small,  oblong  leaflets  respectively. 

Two  well-marked  exceptions  in  this  tribe  occur  in  Amorpha 
glabra  and  Indigofera  hirsuta,  which  have  oblong  trinerved 
cotyledons  with  a  cordate  or  auricled  base.  The  first  four 
leaves  of  Amorpha  glabra  bear  only  one  suborbicular  leaflet, 
while  the  fifth  and  sixth  are  pinnately  trifoliolate.  All 
have  stipules  at  the  base  of  the  petiole  and  stipellse  near 
the  base  of  the  leaflets.  The  first  two  leaves  of  Indigofera 
hu-suta  are  lanceolate  and  opposite,  and  succeeding  ones 
alternate. 

T7'ibe  Hedysarece. — Two  well-marked  types  of  cotyledons 
occm-  in  this  tribe  as  well  as  some  remarkably  abnormal 
forms.  In  the  species  of  Hedysarum  the  cotyledons  are 
rotund-obovate,  very  broad,  fleshy,  and  opaque,  with  rather 
obscure  venation,  and  both  very  strongly  directed  to  one  side. 
They  owe  their  size  and  shape  to  that  of  the  seeds,  which 
again  is  due  to  the  interior  of  the  one-seeded  segments  of  the 
lomented  indehiscent  fruits.  In  these  respects  Hedysarum 
coronarium  (fig.  281),  H.  capitatum,  H.  obscurum,  H.  den- 
ticulatum,  and  H.  flexuosum  agree.  The  first  leaf  of  H.  flexu- 
osum  and  H.  capitatum  is  pinnate  with  five  small  lanceolate 
and  oblong  leaflets  respectively.  The  first  three  leaves  of 
H.  coronarium  are  simple,  entire,  and  orbicular  to  oval-oblong  ; 
but  the  third  one  is  pinnately  three-  to  five-foliolate,  with 
similar- shaped  leaflets. 

In  germination  the  radicle  pushes  itself  through  the  end 
of  the  lomentum  or  through  one  suture,  while  the  cotyledons 
make  their  exit  by  the  other,  as  in  H.  coronarium  (fig.  281) 
and  H.  obscurum.  The  wall  of  the  fruit  in  H.  denticulatum 
(fig.  279)  is  thin  or  membranous  and  reticulate,  and  the  radicle 
generally  pierces  one  valve,  while  by  the  swelling  of  the  coty- 
ledons and  the  elongation  of  the  hypocotyl  the  lomentum  is 
burst  open  and  the  upper  valve  pushed  upwards,  permitting  the 
exit  of  the  seedling.  The  testa  is  frequently  carried  up  on  the 
cotyledons,  but  the  breadth  of  the  latter  and  their  increasing 
size  soon  sphts  it  open  and  gets  rid  of  it.  Whatever  the  mode 
of  exit  of  the  radicle  and  cotyledons,  the  wall  of  the  fruit  nearly 
always  gets  pinned  to  the  ground  while  the  seedling  rises  clear 
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above  it.  Thick- walled  fruits  last  a  long  time  in  good  condition 
after  the  germination  of  the  embryo.    Desmodium  canadense 
has  ovate-oblong,  subfalcate  cotyledons,  and  behaves  exactly 
in  the  same  way  as  Hedysarum  during  germination,  but 
more  frequently  carries  the  fruit  and  seed  above  ground  before 
it  divests  itself  of  them.    Broadly-oblong  subfalcate  cotyledons 
with  the  sinus  on  one  side  occur  in  ^Eschynomene  aspera 
(fig.  282),  Lourea  Vespertilionis  (fig.  283),  Lespedeza  striata, 
and  L.  angustifolia.    The  leaves  of  ^schynomene  aspera 
are  abruptly  pinnate  from  the  first  with  numerous  oblong 
leaflets.    The  first  five  at  least  of  Lourea  are  transversely  oval 
or  oblong,  gradually  increasing  in  size.    Those  of  the  adult 
are  simple  or  trifoliolate,  with  the  lateral  leaflets  very  email 
and  as  a  rule  falling  very  early.    The  cotyledons  of  Lespedeza 
are  turned  to  one  side  and  densely  pubescent.    The  two 
primary  leaves  of  L.  striata  and  L.  juncea  are  simple  and 
opposite,  followed  by  alternate  and  trifoliolate  ones.    Li  the 
other  two  species  the  first  leaf  only  is  simple.  Several 
remarkable  exceptions  to  any  of  the  prevalent  types  of  the 
Order  occur  in  this  tribe.  The  cotyledons  of  Lespedeza  juncea 
are  subterranean,  or  if  they  rise  above  ground  they  perish 
early.    Those  of  Coronilla  jmicea  and  Ornithopus  repaudus 
are  obovate-spathulate,  tapermg  to  the  base  and  shortly 
connate  there,  reminding  us  of  what  occurs  in  Pocockia 
cretica  amongst  the  Trifohese  and  in  Swamsonia  oncinotropis 
amongst  the  Galegese,  but  here  more  pronounced,  and  evi- 
dently due  to  the  same  cause.    The  first  leaf  of  the  Coronilla 
is  obovate  and  simple,  while  that  of  the  Ornithopus  men- 
tioned is  oval-oblong.    The  second  leaf  in  both  cases  is  tri- 
foliolate, but  the  lateral  leaflets  of  Ornithopus  are  minute 
and  suborbicular  and  quite  distinct  from  the  subulate  stipules, 
which  are  connate  by  their  posterior  edges  and  sheathe  the 
stems.     The  cotyledons  of  Adesmia  muricata  are  cordate- 
oblong  and  succulent.   The  first  leaf  is  five-foliolate,  while 
succeeding  ones  are  abruptly  pinnate  with  a  varying  number 
of  leaflets. 

The  cotyledons  of  Hippocrepis  cihata  are  narrowly  linear, 
fleshy,  tapering  downwards,  and  from  I'S  to  3  cm.  long. 
Their  shape  seems  to  be  due  to  that  of  the  seed  and  to  sub- 
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sequent  growth  in  length  while  still  retaining  a  similar  shape. 
The  first  leaf  bears  three  leaflets,  and  succeeding  ones  a  greater 
number,  on  the  iniparipinnate  plan.  The  most  remarkable 
exception,  however,  occurs  in  Scorpiurus  sulcata,  where  the 
cotyledons  are  cylindrical,  fleshy,  and  deeply  furrowed  on 
the  upper  side.  The  primary  cause  of  this  is  the  manner  in 
which  they  are  twisted  about  in  the  albuminous  seed.  They 
elongate  greatly  during  and  after  germination,  but  retain  their 
original  form.  Two  days  after  leaving  the  seed  they  measure 
from  1-8-2-2  cm.  in  length,  and  after  twenty-four  days  from 
7-5-8-2  cm. 

Tribe  Video}. — Of  all  the  seedlings  belonging  to  this  group 
and  coming  under  my  observation,  Abrus  precatorius  is  the 
only  species  observed  which  conforms  to  the  prevalent  type  of 
the  Order  in  having  oblong-obovate,  aerial  cotyledons.  Even 
these  show  a  tendency  to  become  subterranean  in  being  fleshy, 
opaque,  sessile,  and  both  slightly  directed  to  one  side.  The 
fh'st  two  leaves  are  opposite,  and  all  are  abruptly  pinnate,  with 
numerous  opposite  pairs  of  oval  or  oblong  leaflets. 

Other  members  of  the  tribe  have  globose  or  oblong  seeds 
with  fleshy,  hemispherical  or  plano-convex  subterranean  coty- 
ledons. Species  conforming  to  this  type  are  Vicia  andicola, 
V.  Faba,  V.  sativa,  Lathyrus  Nissoha  (fig.  284),  L.  Aphaca 
(fig.  285),  L.  sylvestris,  L.  latifolius,  L.  odoratus,  L.  brachy- 
pterus,  and  L.  articulatus.  The  first  three  leaves  of  Vicia 
andicola  are  small  and  tridentate,  the  lateral  teeth  bemg  the 
stipules.  The  next  three  leaves  are  abruptly  pinnate  with  one 
pan:  of  leaflets,  the  midrib  of  the  fourth  ending  in  a  curved 
point,  and  succeeding  ones  in  a  tendril.  The  cotyledons  of 
V.  Faba  are  oblong  as  are  those  of  Lathyrus  brachypterus. 
The  first  four  leaves  of  the  latter  are  trifid,  small  and  scale- 
like,  while  the  next  one  bears  a  pair  of  leaflets.  The  stem  of 
L.^  Nissolia  is  erect,  and  generally  if  not  always  hooked  or 
twisted  at  the  apex.  The  first  two  leaves  are  scale-like,  sub- 
ulate, and  carinate.  Succeeding  ones  are  narrowly  linear, 
entire,  sessile,  stipulate,  and  convolute  in  bud,  enclosing  the 
younger  leaves.  A  very  similar  case  is  presented  by  L.  arti- 
culatus, but  the  leaves  gradually  increase  in  length  from  the 
first  (which  is  very  short)  to  the  fifth;  and  as  the  stem 


394 


ON  SEEDLINGS 


increases  in  length,  requiring  support,  the  tip  of  the  leaf  from 
the  fifth  or  the  sixth  onwards  forms  a  small,  simple  tendril. 
The  stem  is  four-winged  owing  to  the  leaves  being  decurrent 
at  their  bases.  The  stipules  on  the  lower  leaves  are  more  or 
less  adnate  to  the  edges  of  the  latter,  with  subulate,  free 
points,  becoming  triangular  higher  up,  and  ultimately  becom- 
ing wholly  adnate  or  entirely  aborted. 

Tribe  Phaseolea. — As  far  as  the  cotyledons  are  concerned, 
there  are  two  very  distinct  types  of  seedlings  in  this  tribe,  with 
several  intermediate  forms.  All,  however,  agree  in  the  first 
two  leaves  being  simple  and  opposite,  with  generally  very  short 
petioles.    The  ultimate  leaves  are  pinnately  trifoHolate. 

The  type  with  aerial  cotyledons  is  represented  by  Chtoria 
Ternatea  (fig.  286).    They  are  oblong,  falcate  or  indented  on 
one  side,  a  peculiarity  already  described.    Others  agreeing 
with  this  are  Butea  frondosa,  Pueraria  Thunbergiana  (fig. 
288),  and  Centrosema  Plumieri.    Dolichos  falcatus  differs  in 
having  oval,  fleshy  cotyledons;  Erythrina  monosperma  in 
having  oblong,  fleshy,  and  slightly  concave  cotyledons  ;  and 
Phaseolus  vulgaris  (fig.  290)  in  having  them  oblong,  falcate, 
fleshy,  and  directed  to  one  side  of  the  stem.    In  all  three  cases 
they  exhibit  a  tendency  to  become  subterranean,  but  are  carried 
above  ground  by  the  extraordinary  vigour  of  the  plants  and 
the  elongation  of  the  hypocotyl.    The  first  pan:  of  leaves  in 
Dolichos  falcatus  are  cordate ;  those  of  Erythrina  monosperma 
are  very  much  larger  and  rotund-cordate,  emarginate,  and  very 
deeply  auricled,  almost  sagittate  at  the  base,  with  the  thu-d 
leaf  compound.    Phaseolus  vulgaris  conforms  very  nearly  to 
the  latter.    Those  of  Pueraria  Thunbergiana  are  roundly 
rhomboid,  and  those  of  Centrosema  Plumieri  oblong-cor- 
date.   A  case  of  more  gradual  evolution  occurs  in  Clitona 
Ternatea,  which  has  the  first  pair  of  leaves  small  and  lanceo- 
late, while  the  third  is  obovate,  emarginate,  and  much  larger. 
The  fourth  is  broadly  oblong,  emarginate,  and  many  times 
larger  than  the  first  two,  but  in  some  individuals  the  fourth 
leaf  is  trifoliolate  or  imperfectly  so.    The  fifth  and  sixth  lea-ves 
arc  pinnately  trifoliolate,  with  small  oval  or  elliptic  leaflets. 

The  cotyledons  are  strictly  subterranean  in  Erytbnua 
Vcspertilio,  Phaseolus  multiflorus,  Vigna  lutca,  V.  vexillata, 
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Pachyrhizus  angulatus,  Ehynchosia  viscosa,  Plemingia  Gra- 
hamiana,  &c.  The  first  pair  of  leaves  in  the  last  species  are 
small  and  rotund,  while  those  of  Ehynchosia  viscosa  are  cor- 
date. The  lamina  of  the  first  pair  in  Pachyrhizus  angulatus 
is  broadly  triangular.  Immediately  above  these  the  stem 
becomes  slender  and  twining,  as  also  in  Vigna  vexillata.  The 
first  pair  of  leaves  and  the  leaflets  of  the  succeeding  ones  in 
the  latter  are  comparatively  small  and  lanceolate.  The  first 
pair  in  V.  lutea  are  ovate-subcordate.  Lateral  shoots  from  the 
axils  of  the  cotyledons  in  Phaseolus  multiflorus  are  produced 
if  the  primary  axis  gets  destroyed,  and  the  first  leaf  on  them 
is  simple  and  subrotund.  The  first  four  leaves  of  Erythrina 
Vespertilio  are  transversely  rhomboid  ;  the  fifth  has  small 
rhomboid  leaflets.  Many  of  the  above  species  have  small 
subulate  stipules  and  stipellte.  A  very  curious  case  occurs 
in  a  plant  questionably  named  Erythrina  suberosa  (fig.  287). 
The  cotyledons  are  subterranean,  and  the  first  pair  of  leaves 
opposite ;  but  four  at  least  of  the  primary  ones  are  simple, 
trifid,  or  trilobed,  subpalmate  and  palmately  five-nerved. 

The  most  striking  exception  observed  m  the  tribe  occurs 
in  Kennedya  Marryattse.  The  cotyledons  are  linear-oblong, 
fleshy,  sessile,  furrowed  beneath,  and  2-6-3  cm.  long.  The 
first  pair  of  leaves  are  suborbicular,  simple,  and  often  un- 
equal in  size. 

Tribe  Dalbergiece. — Few  of  the  species  of  this  tribe  have 
come  under  my  notice,  and  those  show  modifications  of  the 
leading  type.  Dalbergia  hupeana  has  obliquely  ovate  cotyle- 
dons cut  away  at  the  base  on  one  side.  The  first  two  leaves 
are  opposite  with  five  obovate  leaflets.  The  cotyledons  of 
Lonchocarpus  latifolius  (fig.  292)  are  fleshy,  but  aerial  and 
falcate  by  an  indentation  on  one  side.  The  first  two  leaves 
are  opposite,  ovate,  and  simple,  reminding  one  of  what  occurs 
in  the  Phaseoleas.  The  third  leaf  is  alternate.  The  sixth  to 
the  eleventh  inclusive  have  eleven  leaflets. 

Tribe  Suphorece. — All  the  species  observed  in  this  tribe 
have  subterranean,  fleshy  cotyledons,  varying  considerably 
■with  the  seed  in  shape,  size,  and  thickness.  Sophora 
seeundifiora  (fig.  293)  has  obovate  somewhat  oblique  cotyle- 
dons, and  the  first  seven  leaves  at  least  are  alternate,  simple, 
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entire,  and  variable  in  shape  and  size.  The  cotyledons  of  ■ 
Edwardsia  chilensis  (fig.  294)  are  fleshy  and  green ;  and  the 
leaves  show  a  gradual  evolution  from  the  first,  which  is  small, 
obovate,  and  simple.  A  rather  exceptional  case  occurs  in  Cas- 
tanospermum  australe  (fig.  295),  which  has  depresso-globose, 
fleshy  cotyledons  of  enormous  size.  It  is  comparable  to  a 
species  of  Cola,'  one  of  the  Sterculiacefe,  but  in  the  latter 
there  are  four  cotyledons. 

Myroxylon  peruiferum  has  also  subterranean  cotyledons. 
The  two  first  leaves  are  five-foliolate  and  opposite,  succeeding 
ones  have  more  numerous  leaflets,  the  uppermost  of  which  are 
the  largest  and  the  basal  ones  the  smallest.  The  leaflets  are 
all  lanceolate. 

Suborder  C^salpinie^. 

Tribe  Euccesalinniea. — In  the  suborder  PapilionaceaB 
cotyledons  with  a  cordate  base  are  comparatively  rare,  while 
in  the  Csesalpiniese  they  are  very  frequent.  This  is  due  to  a 
difference  in  the  seed  and  embryo,  the  former  generally  con- 
taining endosperm,  while  the  latter  is  straight,  and  the  radicle 
is  included  between  the  auricles  of  the  cotyledons,  or  projects 
slightly  beyond  them.  The  embryo  is  nearly  as  long  as  the 
endosperm,  but  differs  considerably  in  outline  in  different 
species  according  to  the  shape  of  the  seed. 

The  cotyledons  of  Csesalpinia  tinctoria  (fig.  297)  are  orbi- 
cular with  a  cordate  base,  strongly  trinerved,  with  the  nerves 
branched.  The  leaves  are  stipulate  and  stipellate ;  the  first 
two  are  abruptly  pinnate  with  four  pairs  and  three  pahs  of 
leaflets  respectively.  The  third  leaf  is  abruptly  bipinnate, 
with  one  pair  of  pinnae,  each  of  which  bears  three  pahs  of 
leaflets.  The  cotyledons  of  Poinciana  Gilhesii  (fig.  298)  differ 
in  being  oblong  and  five-nerved.  The  first  leaf  is  abruptly 
pinnate. 

One  of  the  most  remarkable  exceptions  occurring  in  the 
whole  Order  is  met  with  in  Hsematoxylon  campechianum 
(fig.  296).  The  cotyledons  are  bipartite,  with  divaricate  im- 
symmetrical  lobes  of  membranous  texture. 

Tnfte  Cassietg.— The  various  species  of  the  genus  Cassia 
'  Vide  supra,  p.  270. 
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differ  considerably  amongst  themselves.  The  cotyledons  of 
C.  mimosoides  represent  the  typical  form  of  the  Order  in  being 
oblong,  and  those  of  C.  Fistula  (fig.  302)  differ  only  in  being 
obovate-oblong.  In  both  cases  the  primary  leaves  are  abruptly 
pinnate.  A  departure  from  the  type  is  met  with  in  Cassia 
obovata  (fig.  300),  which  has  broadly  obovate,  retuse,  tri- 
nerved  cotyledons.  C.  Absus  is  more  in  accordance  with  the 
type  of  the  suborder,  having  orbicular  trinerved  cotyledons 
with  a  cordate  base.  C.  circinata  (fig.  299)  differs  from  the 
latter  only  in  the  cotyledons  being  entire.  The  leaves  are 
abruptly  pinnate,  the  first  having  a  single  pair  of  leaflets,  and 
the  next  fovir  two  pairs. 

Tribe  BauhiniecB.  —  There  is  a  considerable  similarity 
amongst  the  seedlings  of  the  representative  genus  Bauhinia, 
the  chief  differences  being  in  minor  details.  The  cotyledons 
are  broadly  oblong  or  obovate-oblong,  usually  sessile  and 
three-  to  five-nerved,  sometimes  indistinctly.  Bauhinia  to- 
mentosa  (fig.  303)  and  B.  Carronii  are  good  representative 
types.  The  shape  of  the  cotyledons  is  due  to  that  of  the 
seed,  which  is  oblong  or  suborbicular  and  flattened,  with  the 
contained  cotyledons  flat,  but  rather  fleshy.  Those  of  B. 
Carronii  show  a  tendency  to  become  subterranean.  The  seeds 
of  this  species  measure  9-10-5  mm.  long,  6-8*5  mm.  wide,  and 
2-25-2-75  mm.  thick,  while  those  of  B.  tomentosa,  having 
decidedly  aerial  cotyledons,  are  smaller  in  every  way.  The 
cotyledons  of  B.  corymbosa  and  B.  Hookeri  agree  in  general 
particulars  with  the  above,  but  are  rather  fleshy  and  do  not 
readily  unfold  to  the  light. 

The  leaves  of  B.  Hookeri  and  B.  Carronii  are  abruptly 
pinnate  from  the  first,  and  consist  of  one  pair  of  obovate, 
sessile  leaflets,  differing  only  from  those  that  succeed  them  in 
being  smaller.  Those  of  B.  corymbosa  and  B.  tomentosa 
consist  of  one  pair  of  leaflets  united  in  a  single  bifid  or  bipar- 
tite piece ;  and  in  all  or  most  cases  the  midrib  projects  as  a 
short  bristle  between  the  leaflets  or  lobes.  The  cotyledons  of 
Cercis  Siliquastrum  (fig.  304)  are  orbicular,  entire,  shortly 
petiolate,  and  trinerved  ;  while  the  leaves  are  reniform,  or 
I'oundly  cordate  and  five-nerved. 

Tribe  Ainherstiece. — The  only  seedlings  of  this  tribe  whic 
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have  come  under  my  notice  are  Hymenjea  Courbaril  (fig.  305)  . 
and  Peltogyne  sp.,  having  plano-convex,  fleshy,  erect,  oblong, , 
and  emarginate  cotyledons,  with  auricles  at  the  Imse  clasping  j 
the  stem.   Cotyledons  possessing  the  last-named  character  are 
met  with  amongst  the  Acacias.    The  leaves  in  Hymen a3a  i 
Courbaril  are  compound,  and  consist  of  one  pair  of  leaflets. . 
Those  of  the  first  leaf  are  suborbicular,  emarginate,  exstipulate,  , 
and  sessile,  owing  to  the  adhesion  of  the  petiole  to  the  stem,  . 
giving  them  the  appearance  of  simple,  opposite  leaves ;  but : 
they  are  both  inserted  towards  one  side  of  the  stem.    The  : 
second  leaf  is  stipula,te  with  a  pair  of  obliquely-ovate  leaflets, 
while  the  adult  one  has  obliquely-oblong  or  falcate  leaflets. 
The  first  two  leaves  of  Peltogyne  are  opposite  and  abruptly 
pinnate,  with  three  pairs  of  lanceolate  leaflets  and  the  midrib 
prolonged  between  them. 

Tribe  CynometrecB. — The  cotyledons  of  Copaifera  officinalis 
are  very  similar  to  those  of  Hymensea  Courbaril.  The  leaves 
are  abruptly  pinnate,  coriaceous,  glabrous,  evergreen  and  full 
of  pellucid  dots,  and  penninerved,  with  short,  stout,  cylia- 
drical  petioles.  The  first  leaf  has  three  pairs  of  lanceolate, 
falcate  leaflets,  oblique  on  the  posterior  and  more  or  less  cut 
away  on  the  anterior  side  at  the  base,  especially  the  upper- 
most pair.    Succeeding  leaves  have  more  numerous  leaflets. 

SUBOBDER  MlMOSE^. 

Tribe  Aclenantlierm. — The  cotyledons  of  Adenanthera  Pavo- 
nina  (fig.  306)  are  broadly  obovate,  sessile,  erect,  fleshy, 
auricled  at  the  base,  and  in  this  respect  resemble  those  of  the 
two  above-mentioned  species.  The  leaves  are  alternate  except 
the  first  pair,  which  are  opposite  and  abruptly  pinnate,  with 
numerous  alternate  leaflets.  The  leaves  of  the  adult  are 
large,  and  abruptly  bipinnate  with  three  to  four  pairs  of 
pinnse.  The  cotyledons  bear  small  buds  in  their  axils.  Those 
of  Prosopis  juliflora  are  broadly  oblong,  subsessile,  and  cadu- 
cous. The  first  leaf  is  abruptly  pinnate,  with  four  paii-s  of 
small,  oblong  leaflets  like  those  of  an  Acacia.  The  second  to 
the  seventh  leaves  inclusive  are  abruptly  bipinnate,  witb 
numerous  small  leaflets,  and  the  midrib  generally  proloiigeil 
as  a  small  bristle  beyond  the  pinna?.    The  cotyledons  of 
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Diclirostachys  cinerea  are  oblong-ovate,  cordate  at  the  base, 
shortly  petiolate,  and  in  this  respect  unusual  in  the  tribe.  The 
first  leaf  is  inserted  nearly  on  the  same  level  as  the  cotyledons, 
and  is  abruptly  pinnate  with  numerous  very  small  leaflets. 
The  second  leaf  is  abruptly  bipinnate  with  one  pair  of  pinnte, 
but  the  number  of  the  latter  increases  in  succeeding  leaves. 

Tribe  Eumimosece. — The  cotyledons  of  Leuctena  glauca 
(fig.  307)  are  obovate,  sagittate  at  the  base,  shortly  petiolate, 
five-nerved,  and  horizontal,  differing  in  this  respect  from  most 
of  its  allies.  The  first  leaf  is  abruptly  pinnate,  with  numerous 
pairs  of  unequal-sided  leaflets.  The  three  succeeding  ones 
are  bipinnate  with  a  pair  of  pinnje  each. 

The  cotyledons  of  Mimosa  lanata  are  roundly  oblong, 
three-  to  five-nerved,  truncate  at  the  base  and  auricled.  The 
first  leaf  has  three  pairs  of  leaflets  ;  the  second  is  like  that  of 
Leucsena  glauca. 

Tribe  Acaciece. — The  species  of  Acacia  differ  remarkably 
even  in  the  shape  and  character  of  the  cotyledons  ;  indeed,  no 
two  species  have  the  latter  exactly  alike.  In  A.  dodonesefolia 
they  are  broadly  oblong,  sessile,  and  connate  at  the  base, 
recalling  those  of  Lupinus  sulphur eus.  The  first  leaf  is 
abruptly  pinnate  with  four  pairs  of  leaflets,  as  happens 
also  in  A.  acanthocarpa.  The  cotyledons  of  the  latter  have 
a  broad  shallow  sinus  at  the  base.  The  first  leaf  is  also 
abruptly  pinnate  in  A.  dealbata  (fig.  310),  A.  lophantha, 
and  A.  Oswaldi.  Two  succeeding  leaves  in  the  latter  case 
are  pinnate,  but  it  seems  that  subsequent  ones  gradually  or 
immediately  lose  all  their  pinnae,  and  their  leaves  are  repre- 
sented by  lanceolate  trinerved  phyllodes. 

The  second  leaf  in  A.  lophantha,  and  A.  dealbata  (fig.  310), 
is  bipinnate.  The  short,  linear-oblong,  caducous  cotyledons 
of  the  latter  seem  quite  unusual  in  the  genus.  Those  of  A. 
Oswaldi  are  obovate-oblong,  and  sagittate  at  the  base.  A  most 
remarkable  development  of  the  basal  auricles  occurs  in  A.  Bur- 
kittii  (fig.  308).  The  first  six  leaves  are  bipinnate,  with  one  pair 
of  pinnae  each  and  numerous  pairs  of  narrowly  oblong  leaflets. 

Tribe  Ingece. — The  cotyledons  of  Pithecolobium  Saman  are 
caducous.  The  first  leaf  is  abruptly  pinnate,  and  succeeding 
ones  bipinnate,  with  one  pair  of  pinnns  and  a  varying  number 
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of  leaflets.  The  latter  are  chiefly  noticeable  on  account  of  the 
much  greater  size  of  the  terminal  ones  compared  with  those 
towards  the  base  of  the  pinnae,  where  the  pairs  are  often  un- 
equal. Their  size,  shape,  and  arrangement  seem  planned  so  as 
to  economise  space  and  at  the  same  time  expose  a  maximum 
surface  to  light. 

Tribe  Podalyrie^. 
Podalyria  australis,  Vent. 

Hypocotyl  short,  3-4  mm.  long,  erect,  terete,  glabrous,  bluish. 
Cotyledons  oblong,  obtuse,  entire,  shortly  petiolate,  glabrous, 
green,  one-nerved  ;  petioles  short,  broad,  furrowed  on  the  upper  side. 

Stem'  erect,  terete,  herbaceous,  ultimately  shrubby  ;  1st  inter- 
node  3-3-5  cm.  long  ;  2nd  rather  shorter. 

First  leaf  simple  (rarely  bi-  or  tri-foliolate),  entire,  cauline,  stip- 
ulate, petiolate,  obovately  oblong,  obtuse, 
glabrous,  green,  pinnatinerved ;  subse- 
quent leaves  trifoliolate,  cauline,  alternate ; 
leaflets  obovately  oblong,  obtuse,  petio- 
lulate,  occasionally  slightly  emarginate ; 
petioles  very  short,  furrowed  on  the  upper 
side  ;  stipules  free,  linear-lanceolate,  acute, 
rather  large. 

Chorizema  cordifolium,  F.  Muell.  (fig. 
261). 

Hypocotyl  erect,  terete,  glabrous,  pale 
green,  1-8-2-5  cm.  long. 

Cotyledons  oblong,  obtuse,  fleshy, 
shortly  petiolate,  deep  green  above,  paler 
beneath,  shining  on  both  surfaces,  falling 
away  early  ;  lamina  8-5  mm.  long,  3  mm. 
broad  ;  petiole  1-5  mm.  long. 

Stem  erect,  terete,  pubescent,  ulti- 
mately woody  ;  1st  internode  1-8  cm.  long ; 
2nd  5  mm. ;  3rd  1  cm. ;  4th  7  mm. 

Leaves  simple,  cauliue,  alternate,  stipu- 
late, petiolate,  thinly  pubescent  on  both 
surfaces  and  cihate,  ultimately  glabrous  or 
pubescent  beneath  and  spiny -serrate,  obscurely  alternately  penm- 
nerved,  deep  green  above,  subglaucous  beneath ;  petioles  terete, 
very  short ;  stipules  linear,  slender,  pubescent,  caducous. 


Fig.  261. 
Chorizema  cordifoliiom. 
Nat.  size. 
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No.  1.  Small,  narrowly  obovate,  retuse,  apiculate. 
No.  2.  Broadly  obovate,  emarginate,  apieulate. 
No.  3.  Similar,  and  larger. 

Nos.  4  and  5.  Broadly  oval,  subemarginate,  apiculate. 

Ultimate  leaves  cordate,  apieulate,  spiny- serrate,  irregularly 
alternately  penninerved,  with  the  nerves  incurved  and  uniting  with 
each  other  at  or  near  the  margin,  reticulate,  especially  when  dry, 
glabrous  above  or  thinly  pubescent,  but  pubescence  denser  be- 
neath. 

The  seedling  of  Chorizema  ilicifolium,  Lahill,  closely  resembles 
the  preceding,  but  the  cotyledons  are  quite  sessile. 

Viminaria  denudata,  Sm.  (fig.  262). 

Hppocokjl  erect,  terete,  glabrous,  pale  green  :  1-3-2  cm.  above 
the  soil. 

Cotyledons  linear,  obtuse,  entire,  sessile,  articulated  with  the 

stem,  glabrous,  subfleshy,  subconnate  at  the  base  or  forming  a  ring 

round  the  plumule  or  stem ; 

about  8-9  mm.  long,  2-2-5  mm. 

wide,  deciduous  at  the  joint. 

Stem  erect,  terete,  some- 
what thickened  at  the  nodes 

from  the  decurrent  foot  of  the 

petiole,  glabrous,,  deep  shining 

green,  ultimately  shrubby  ;  1st, 
i  2nd,  and  3rd  internodes  each 

about  3  mm.  long;  4th  3-25 

mm. ;  5th  9-10  mm.  ;  6th  21 

mm. ;    7th   13-5   mm^.  ;  8th 
■  8-5  mm. 

I      Leaves  simple  or  compound 
(uni-  to  tri-foholate),  cauline, 
alternate,   stipulate,  petiolate, 
glabrous,  three-  to  five-nerved  at 
or  close  to  the  base,  altern- 
ately incurvinerved  upwards, 
obscurely  reticulate,  deep  green 
above,  paler  beneath  or  glau- 
cous;  stipules  small,  subulate, 
subfleshy,  glabrous,  partly  or  al- 
most wholly  adnate  to  the  stem 
and  foot  of  the  petiole  ;  petioles  subterete,  shallowly  grooved  above 
in  the  lower  leaves  and  short,  but  gradually  attaining  a  considerable 

D  D 


Fig.  262.— Viminaria  denudata. 
Half  nat.  size. 
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length  (6-ll'4  cm.)  about  the  fourth  and  fifth  leaf  and  upwards, 
nearly  or  quite  terete,  slightly  angled  or  striate,  bright  green, 
glabrous,  articulated  to  the  stem  with  afoot-like  process  and  also 
with  the  lamina. 

No.  1.  Small,   oval,   obtuse,   emarginate,  trinerved  at  the 

base. 

No.  2.  Similar,  somewhat  larger,  and  emarginate  at  both  ends. 
No.  3.  Oblong,  obtuse  and  slightly  notched  at  both  ends,  three- 
or  faintly  five-nerved. 

No.  4.  Lanceolate,  obtuse,  cuspidate,  faintly  five-nerved. 

No.  5.  Linear-lanceolate,  sud- 
denly narrowed  to  a  subulate  acute 
tip,  trinerved. 

No.  6.  Linear,  otherwise  as 
No.  5. 

No.  7.  Reduced  to  a  petiole  tipped 
with  three  small,  subulate,  acute 
points  or  processes,  diverging  above 
the  middle  and  correspondmg  to 
three  reduced  leaflets. 
Nos.  8-10.  Similar. 

Teibe  Geniste^. 
Bossisea  linopliylla,  B.  Br.  (fig. 
263). 

Eypocotyl  erect,  terete,  glabrous, 
tapering  upwards,  green  at  first, 
soon  becoming  stained  with  red, 
6-14  mm.  above  the  soil. 

Cotyledons  oblong,  obtuse,  entire, 
petiolate,  shghtly  indented  on  one 
side  a  httle  above  the  middle,  fleshy, 
deep  green  and  shining  above,  glau- 
cous beneath ;  lamina  3'5-4-5  mm. 
long,  2  mm.  wide  ;  petiole  grooved 
above,  convex  on  the  back,  per- 
fohate  at  the  base,  1-1-25  mm.  long. 

Stem  erect,  terete,  glabrous,  pale 
green,  ultimately  woody ;  1st  uater- 
node  5-13-5  mm.  long;  2nd  and 
3rd  undeveloped  ;  4th  2-5-7  mm.  ;  5th  4-8  mm. 

Leaves  simple,  entire  or  merely  shghtly  ^^J.^^^^^*^' f^^^^.^i'' 
alternate  (first  three  on  same  level),  stipulate,  petiolate,  alteinateiy 


Fig.  263. — BossicEa  linopliylla,  x  8. 


LEGUMINOS^ 


403 


and  ascendinglypeiininerved,  reticulate,  glabrous,  deep  subglaucous- 
green  above,  glaucous  beneath ;  petioles  biconvex  or  subterete  (those 
of  first  pair  flattened),  glabrous,  green  or  slightly  tinged  with 
red,  very  short,  especially  those  of  the  first  pair  of  leaves ;  stipules 
small,  subulate,  acute,  glabrous,  green,  absent  from  the  third  leaf  or 
amalgamated  with  those  of  the  first  two  leaves. 

Nos.  1  and  2.  Opposite,  broadly  obovate,  shallowly  and  broadly 
emarginate,  with  a  small  deltoid  tooth  in  the  sinus. 

No.  3.  On  the  same  level  as  the  first  two,  but  at  right  angles  to 
them,  with  a  sKghtly  longer  petiole  and  somewhat  narrower,  but 
otherwise  similar. 

Nos.  4-6.  Similar  both  in  shape  and  size,  or  somewhat  larger 
and  having  longer  stipules. 

Bossisea  rufa,  B.  Br. 

Eypocotyl  as  in  last  species  but  only  2-3  mm.  above  ground. 
^    Cotyledons  very  similar  to  those  of  last  species  ;  lamina  5  mm. 
long,  2'25  mm.  wide  ;  petiole  -5  mm.  long. 

Stem  as  in  last  species  ;  1st  internode  6  mm.  long ;  2nd  1  cm  • 
3rd  1-3  cm.  ... 

ieaves.— Nos.  1  and  2.  Opposite,  oval,  entire,  apiculate,  deep 
glaucous-green  above,  glaucous  beneath. 

Nos.  3-5.  Alternate,  obovate,  apiculate,  coloured  like  the  first 
two. 


Hovea  longifolia,  B.  Br. 

Eypocotyl  1-5-2  cm.  long,  1-2  mm.  thick,  firm,  terete,  glabrous 
colourless  near  the  base,  bright  green  under  the  cotyledons.  ' 

Cotyledons  sessile,  inserted  above  the  free  base,  -75  cm.  long 
•5  cm.  broad,  1  mm.  thick,  oblong,  spht  at  base,  rounded  and  re- 
flexed  at  apex,  obscurely  nerved,  glabrous,  light  green,  not  verv 
persistent. 

Stem  terete,  firm,  tomentose,  bright  green  ;  1st  internode  1-2  cm 
long,  1  mm.  thick  ;  2nd  and  3rd  longer  or  shorter. 

Leaves  simple,  entire,  at  least  in  early  stages,  cauline,  alternate 
^tirst  pair  opposite),  stipulate,  very  shortly  petiolate,  alternately 
and  ascendinglypenninerved,  reticulate,  a  few  hairs  on  both  surfaces 
at  least  when  young,  deep  green  above,  paler  or  glaucous  beneath  • 
stipules  small,  subulate,  inconspicuous.  ' 

Nos.  1  and  2.  Nearly  opposite,  shortly  stalked,  1-5  cm  lon^ 
and  as  broad,  suborbicular  or  broadly  ovate,  retuse,  with  sunk 
pimiate  nervation  and  beautifully  reticulate,  thin,  with  a  few  hairs 
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scattered  over  both  surfaces,  dark  green  above,  almost  glaucous 
beneath. 

Nos.  8  and  4.  Nearly  opposite,  more  elongated,  ovate,  pubescent. 
Nos.  5  and  6.  Tomentose  when  young. 

Goodia  lotifolia,  Salisb. 

Primary  root  very  long,  tapering  finely,  with  lateral  rootlets  on 
which  are  a  few  ovoid  fleshy  tubercles. 

Hypocotyl  suffrutescent,  erect,  terete,  glabrous,  about  9  mm. 
above  ground,  1-5  mm.  thick,  proportionately  very  succulent  and 
thick  shortly  after  germination. 

Cotyledons  thick,  fleshy,  subobovate-oblong,  shortly  petiolate, 
flat  on  the  upper  faces,  with  a  cavity  at  the  base,  in  which  the 
young  plumule  was  at  first  protected,  convex  on  the  back,  with  a 
median  longitudinal  ridge  and  two  furrows,  purphsh-green,  6-5  mm. 
long,  3  mm.  broad. 

Stem  erect,  terete,  suffruteseent,  glabrous,  pale  green,  and  suffused 
with  red  at  the  base ;  1st  internode  3-35  cm.  long  ;  2nd  undeveloped ; 
8rd  1-6  cm. ;  4th  8  mm. ;  5th  1-3  cm. ;  6th  1-35  cm. 

Leaves  compound,  pinnately  trifoholate  (first  two  unifoholate 
resembling  foliaceous  cotyledons),  alternate  (first  three  on  the  same 
level  or  almost  so  in  a  great  number  of  specimens),  stipulate, 
petiolate,  glabrous,  deep  green  above,  paler  and  subglaucous  be- 
neath, folding  downwards  at  night  as  well  as  the  leaflets  ;  petiole 
terete',  smooth,  reddish,  with  a  green  pulvmus  at  the  base  ;  stipules 
subulate,  attenuate,  free. 

Nos.  1  and  2.  Unifoholate;  leaflets  large,  broadly  ovate, 
obtuse  or  minutely  emarginate,  subcordate  at  the  base,  otherwise 

entire.  .    ,  , 

No.  3.  Pinnately  trifoliolate ;  leaflets  obovate,  minutely  apicu- 
late,  otherwise  entire,  with  a  small  pulvinus,  and  articulated  with 
the  rachis,  folding  downwards  at  night ;  rachis  between  the  leaflets, 

4  mm.  long. 

Nos.  4-9.  Similar,  but  successively  larger. 

Note.— The  leaflets  ultimately  become  broadest  about  the  middle, 
and  consequently  change  graduaUy  fi-om  obovate  to  elliptic. 

Crotalaria  quinquefolia,  L. 

Hypocotyl  erect,  terete,  downy,  1-1-5  cm.  long,  light  green  or 

''''^TXledons  oblong,  falcate,  obtuse,  fleshy,  shortly  petiolate 
glabrous,  except  on  the  petioles,  dark  green,  indistmctly  tn- 
nerved. 
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Stem  erect,  terete,  herbaceous,  downy  ;  1st  internode  4-7  mm. 
ong ;  2ud  6-10  mm. 

First  leaves  simple,  cauline,  alternate,  obovate,  obtuse,  almost 
trilobed,  doAvny,  especially  on  the 
under  side,  finely  ciliated,  light 
green,  petiolate,  exstipulate,  al- 
ternately pinnatinerved ;  petiole 
terete,  downy. 

Crotalaria  sp. 

Eypocotyl  more  slender  than 
in  preceding  species,  4-8  mm. 
long,  and  reddish-green. 

Cotyledons  rather  narrower 
and  constricted  about  the  middle, 
with  a  prominent  midrib  only. 

Stem,  1st  internode  from 
l'5-2  cm.  long ;  2nd  internode 
only  2-4  mm. 

Leaves  opposite,  acutely 
ovate,  ciliate ;  hairy  petioles 
about  half  the  length  of  the 
leaf,  exstipulate,  slightly  droop - 
mg. 

Lupinus  arboreus,  Sims.  (fig. 
264). 

Primary  root  a  rather  long, 
fleshy,  colourless  tap-root,  with  a 
few  thick  lateral  rootlets,  often 
tuberculated. 

Eypocotyl  2-3  cm.  long,  2-3 
mm.  thick,  fleshy,  terete  with 
horizontal  ridges  or  articulations, 
shining  white  where  covered  by 
soil,  purpKsh-red  above,  quite 
glabrous. 

Cotyledons  equal,  or  nearly 
so,  including  the  petiole  1*5-2 
cm.  long,  6-8  mm.  broad,  oblong, 
obhque  at  the  base,  rounded 
at  the  apex,  entire,  obscurely 
penninerved,  fleshy  or  succulent,  glabrous  and  dark  green  on 


Fig.  264. — Lupinus  arboreus. 
Nat.  size. 
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both  sides,  somewhat  persistent ;  petiole  glabrous,  1*5  mm.  thick, 
channelled,  purplish-red. 

Stem  very  short,  ultimately  elongated  and  woody. 

Leaves  digitate,  radical  and  cauline,  alternate,  stipulate,  petiolate, 
pubescent,  with  a  distinct  midrib  and  other  inconspicuous  venation; 
petiole  semiterete,  channelled  above,  sheathing  at  the  base  by  its 
adnate  stipules,  which  have  a  subulate,  free  point.  | 

Nos.  1-3.  With  reddish,  pubescent  petiole,  2,  4,  or  more  cm.  long, 
1-2  mm.  thick,  and  sheathing  at  base,  with  a  digitate  lamina  com- 
posed of  four,  six,  or  more  obovate-lanceolate,  acute,  pubescent, 
deep  green  leaflets,  -5-1-5  cm.  or  more  long,  by  3-5  or  more  mm. 
broad. 

Lupinus  micranthus,  Douglas. 

Primary  root  similar  to  that  of  L,  arboreus. 
Hypocotyl  erect,  terete,  very  short,  glabrous,  4-5  mm.  long. 
Cotyledons  very  similar  to  those  of  L.  arboreus,  with  a  flexuose 
midrib  and  alternate,  flexuose,  and  anastomosing  lateral  veins,  all 
sunk  in  the  tissue,  deep  opaque  green  above,  paler  beneath  ;  lamina 
9-11  mm.  long,  6-7  mm.  broad  ;  petiole  semiterete,  channelled  above, 
dilated  and  perfoliate  at  the  base. 

Stem  annual,  developed  when  about  to  flower. 

Leaves  glabrous  above  or  nearly  so,  ciliate  at  the  margm,  silljy 
beneath,  thick  and  subfleshy ;  petiole  terete,  slightly  flattened  on 
the  upper  side,  dilated  and  amplexicaul  at  the  base,  shghtly  hairy  ; 
stipules,  in  the  seedhng  at  least,  adnate  to  the  petiole  for  two-thirds 
their  length,  with  narrowly  subulate,  obtuse,  or  subacute  free  points 
and  hairy  where  free. 

No.  1.  Digitate,  with  three  linear,  obtuse  leaflets,  involute  at 
the  sides  so  as  to  be  deeply  channelled,  as  are  all  the  others,  at  any 
rate  up  to  the  seventh. 

Nos.  2  and  3.  With  four  linear,  cuspidate  leaflets. 

No.  4.  With  five  acute  pr  aristate  leaflets. 

No.  5.  With  six  acute  leaflets. 

Nos.  6  and  7.  Similar. 


Lupinus  sulphureus,  Douglas  (fig.  265). 

Hypocotyl  erect,  terete,  glabrous,  2-2-5  cm.  long,  light  greei 

Cotyledons  suborbicular,  thick,  fleshy,  connate  at  the  I 

shghtly  denticulate,  glabrous,  dark  green,  very  indistmctly 

nerved. 

Stem  with  primary  internodes  undeveloped. 
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First  leaves  compound,  digitate,  five-foliolate,  petiolate,  with 
rather  long  petioles,  alternate,  with  small  stipules  ;  leaflets  simple, 
entire,  lanceolate,  acute,  ciliate, 
hairy,  green,  apparently  one-nerved. 

Laburnum  vulgare,  Griseb.  (fig. 
266). 

Fndt  a  legume,  linear,  acute, 
stipitate,  much  compressed  laterally 
and  torulose  when  mature,  irregu- 
larly veined  longitudinally  or  sub- 
reticulate,  thickened  at  the  sutures, 
silky,  dehiscing  longitudinally  by 
both  sutures  and  somewhat  twisted, 
many-seeded. 

Seed  persisting  for  some  time  on 
the  placentas  of  the  unopened  or 
opened  legume,  horizontal,  oblong, 
tumid,  hooked  at  the  upper  end ; 
seed-coat  crustaceous  or  very  hard  ; 
testa  black  or  deep  brown,  shining  ; 
tegmen  pale-coloured,  membranous ; 
chalaza  below  the  middle ;  hilum 
near  or  at  the  middle ;  the  micropyle  above  it  on  the  ventral 
aspect. 

Endosperm  in  the  mature  seed  forming  a  thin  layer  surrounding 
the  embryo,  but  much  thicker  at  the  sides,  that  is  on  the  backs  of 
the  cotyledons,  almost  transparent 
or  colourless  when  dry,  and  very 
hard,  almost  horny. 

Embryo  comparatively  very  large, 
curved,  fleshy,  yellow ;  cotyledons 
oblong,  subfalcate,  obtuse,  shghtly 
notched  or  indented  at  about  the 
middle  on  one  edge,  unequal  at  the 
base,  with  the  larger  auricle  on  the 
same  side  as  the  radicle,  while  the        '^^^■—Lahumum  vulgare,  x  6. 

nflnnv.  r,•^     •         L  -^1    ji      1  Longitudinal  section  of  seed-  Gh 

other  side  is   cut  away  at  the  base      chalaza;  iT.hilum;  m,  micropyle  J 

B,  radicle;  OG,  outer  coat 
(testa) ;  IG,  inner  coat  (tegmen) ; 
P,  endosperm,  ' 


Fig.  265. — Lupmus  sulphureus. 
Nat.  size. 
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owing  to  the  shape  of  the  seed,  plano- 
convex, fleshy,  each  filling  about 
half  the  interior  of  the  seed,  except 
that  occupied  by  the  radicle  and  endosperm,  notched  at  one  side 
•owing  to  a  mass  of  endosperm  under  the  hilum,  and  also  slightly  to 
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a  thickening  of  the  clialaza,  accumbent,  lying  in  the  broader  plane  of 
the  seed  with  their  edges  to  the  placenta  ;  radicle  cylindrical-oblong, 
obtuse,  passing  round  the  upper  end  of  the  seed  and  pointing  down- 
wards to  the  micropyle  on  the  ventral  aspect,  much  shorter  than 
the  cotyledons. 

Seedling  (fig.  267). 

Primary  root  tapering  downwards,  long,  with  a  few  lateral  root- 
lets. 

Hypocotyl  erect,  terete,  very  stout,  slightly  tapering  upwards, 
passing  suddenly  below  into  the  primary  root,  glabrous,  pale  green 
or  stained  with  red,  1- 3-2-5  cm.  long. 

Cotyledons  broadly  oblong,  obtuse,  entire,  shghtly  falcate  and 
shallowly  indented  on  one  side  (by  a  thickening  in  the  testa  of  the 

seed),  entire,  slightly  asymmetrical  at  the 
base,  on  one  side  of  which  they  are  gradu- 
ally tapered,  and  on  the  other  truncate, 
owing  to  the  position  of  the  radicle  in  the 
seed,  shortly  petiolate,  thick,  fleshy,  deep 
green,  opaque,  and  obscurely  trinerved 
at  the  base,  glabrous  ;  lamina  1*4-1*5  cm. 
long,  7"75-8'25  mm.  wide  ;  petiole  deeply 
grooved  above,  convex  on  the  back,  about 
•5  mm.  long. 

Stem  erect,  terete,  silky,  pale  green  or 
somewhat  hoary,  ultimately  woody ;  1st 
internode  5-8  mm.  long. 

Leaves  compound,  digitately  trifoUolate, 
cauline,  alternate,  stipulate,  petiolate,  silky 
on  the  under  side  with  adpressed  hairs, 
ciliate  at  the  margin,  glabrous  above  or 
nearly  so  ;  leaflets  closely  and  alternately 
penninerved,  with  the  nerves  branching 
and  uniting  within  the  margin,  forming 
numerous  reticulations ;  stipules  small, 
subulate,  silky,  at  the  very  base  of  the 
petiole. 

No.  1.  Digitately  trifoliolate  ;  lateral  leaflets  elhptic  or  ovate- 
elliptic,  often,  if  not  always,  unequal  m  size  with  a  difference  varymg 
from  -5-4  mm.  in  length,  acute  or  cuspidate,  shortly  petiolate; 
terminal  leaflet  lanceolate-elliptic,  acute,-  longer  and  larger  than 
the  lateral  ones,  shortly  petiolate. 

Ultimate  leaves  digitately  trifoliolate  ;  leaflets  elliptic-lanceolate, 


Fig.  267. 
Laburnum  vulgare. 
Nat.  size. 
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cuspidate,  narrowed  to  both  ends,  but  especially  to  the  base  ;  lateral 
ones  often  slightly  unequal  in  length ;  terminal  one  always  the 
largest. 

Eetama  Roetam,  Webh  et  Berth. 

Hypocotyl  erect,  terete,  glabrous,  4-4-5  cm.  long,  light  green 
or  colourless  with  a  reddish  tinge  near  the  base. 

Cotyledons  oblong,  obtuse,  entire,  shortly  petiolate,  thick,  fleshy, 
glabrous,  Ught  green,  indistinctly  pinnatinerved  like  the  leaves. 

Ste7n  erect,  ribbed,  herbaceous,  hairy ;  1st  internode  2"5-2"6  cm. 
long  ;  2nd  5-7  mm. ;  3rd  1-5-1-6  cm. ;  4th  4-7  mm. 

First  leaves  simple,  entire,  cauline,  alternate,  exstipulate,  shortly 
petiolate  or  subsessile,  oval-lanceolate,  subacute,  covered  with  long 
sUky  hairs  which  give  it  a  white  appearance,  pinnatinerved. 

Genista  sp, 

Hypocotyl  erect,  terete,  glabrous,  pale  green,  about  l"8-2*4  cm. 
long. 

Cotyledons  broadly  oblong  or  oval,  obtuse,  entire,  very  shortly 
petiolate,  showing  a  midrib  but  no  other  venation,  horizontal  on 
erect  petioles,  very  slightly  indented  on  one  side,  glabrous,  light 
green  ;  lamina  10-5  mm.  long,  8  mm.  wide  ;  petiole  erect,  grooved 
above,  •5-1  mm.  long. 

Stem  erect,  terete,  striate,  hairy,  pale  green  when  young  ;  1st 
internode  17  mm.  long;  2nd  5  mm.;  3rd  10*5  mm.  ;  4th  4  mm.; 
5th  11*5  mm. 

Leaves  simple  and  compound,  cauline,  alternate,  stipulate,  with 
the  first  one  petiolate,  the  others  very  shortly  so  or  subsessile, 
alternately  penninerved  and  obscurely  reticulate,  with  the  lateral 
nerves  uniting  at  their  apices  to  form  a  submarginal  nerve,  hairy 
above,  silky  beneath,  with  loosely  adpressed  whitish  hairs,  glaucous 
on  both  surfaces ;  petiole  of  first  leaf  subterete,  channelled  above, 
hairy,  articulated  with  the  stem  ;  above  the  first  leaf  the  petioles  are 
reduced  to  a  minimum  and  articulated  with  the  stem  ;  stipules 
small,  tooth-like,  ovate  or  subulate,  obtuse,  hairy. 

No.  1.  Digitately  trifoliolate,  with  oblanceolate,  acute  leaflets, 
petiolate. 

No.  2,  Subsessile,  digitately  trifoliolate,  and  similar  to  the  first. 
Nos.  3-6.  Oblong-elliptic,  cuspidate,  simple,  entire,  subsessile. 

Ulex  europgeus,  L.  (fig.  268). 

Primary  root  long,  tapering,  with  lateral  rootlets. 

Hypocotyl  glabrous,  terete,  green  or  whitish,  5  mm.  to  1  cm.  long. 
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CoUjhdons  oblong,  obtuse,  entire,  fleshy,  deep  green,  8  mm.  to 
1*1  cm.  long,  4-6  mm.  broad. 

Stem  succulent,  soon  becoming  shrubby,  pale  green,  very  hairy, 
ridged  and  furrowed ;  1st  and  2nd,  or  even  to  the  4th  internode, 
undeveloped ;  5th  2  mm.  long  ;  6th  undeveloped  ;  7th  2  mm.  long  ; 
8th  1  mm. ;  9th  4  mm. :  10th  2  mm.  ;  llth-13th  3-25  mm. ; 
14th  2  mm. ;  15th  3-25  mm.  ;  '16th  3  mm. ;  17th  2-5  mm. ;  IBth 
and  19th  each  2  mm. ;  20th  4  mm. ;  21st  and  22nd  each  2*25  mm. ; 
23rd  1-75  ;  24th  1*5  mm.  Different  specimens  vary  in  these  lengths, 
but  specimens  that  bear  a  close  resemblance 
to  one  another  fairly  coincide  in  the  lengths 
of  the  internodes. 

Leaves  simple  or  digitately  trifoliolate  (in 
the  seedling  stage  soon  becoming  simple),  and 
ultimately  reduced  to  spines,  alternate,  or  the 
first  four  or  six  in  opposite  decussate  pairs, 
hairy,  deep  green,  or  subglaucous  on  the  upper 
surface  ;  leaflets  or  simple  leaf  incurved  at 
the  margins  and  grooved  or  concave  on  the 
upper  face,  with  the  lower  ones  petiolate,  the 
upper  sessile ;  petioles  grooved  above,  convex 
beneath. 

First  Specimen. — Leaves  all  simple,  spathu- 
late,  with  the  first  four  in  two  opposite  pahs. 

Second  Specimen. — 1st  pair  Hnear-oblong, 
obtuse,  simple. 

2nd  pair  bifoliolate  (one  terminal  and  one 
lateral  leaflet). 


Pig.  268. 

TJlex  europcBUS, 
Nat.  size. 


No.  5. 
No.  6. 
No.  7. 
No.  8. 
No.  9. 
No.  10 


Spathulate,  entire 
Trifoliolate. 
Spathulate. 
Bifoliolate. 
Bifoliolate. 
.  Spathulate. 


1-6.  Trifoliolate  ;  the  first  four  in  two 


Third  Specimen. — Nos. 
opposite  pairs. 

Nos.  7-11.  Spathulate. 

Fourth  Specimen.— ^OB.  1  and  2.  Trifoliolate,  opposite. 

Nos.  3  and  4.  Spathulate,  opposite. 

No.  5.  Bifoliolate,  alternate. 

No.  6.  Spathulate. 

Nos.  7  and  8.  Bipartite. 

Nos.  9-18.  Spathulate  or  lanceolate,  linear. 
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Fifth  Specimen. — Nos.  1-6  in  three  opposite  pairs.  One  of  1st 
pair  bipartite,  the  other  trifoHolate  ;  of  2nd  pair  one  is  spathulate 
the  other  bipartite  ;  8rd  pair  trifoholate. 

No.  7.  Tripartite. 

No.  8.  Bifid. 

No.  9.  Bipartite. 

Nos.  10-14.  Spathulate. 

Nos.  15-25.  Linear-lanceolate,  spiny-pointed. 

The  branches  are  spinous  from  the  first,  their  leaves  spiny- 
pointed,  and  the  secondary  branches  small  and  also  spinous. 

Spartocytisus  nubigenus,  Webh  et  Berth.,  var.  roseus. 

Hypocotyl  erect,  terete,  glabrous,  3-3'5  cm.  long,  dark  brownish- 
red. 

Cotyledons  oblong,  obtuse,  entire,  sessile,  unequal,  glabrous, 
brownish-red,  indistinctly  one-nerved. 

Stem  erect,  striated,  herbaceous,  ultimately  woody,  covered  with 
rather  sUky  hairs  ;  1st  internode  7-8  mm.  long  ;  2nd  rather  shorter. 

First  leaves  compound,  trifoholate,  cauline,  alternate,  exstipulate, 
petiolate ;  leaflets  linear-lanceolate,  acute,  entire,  very  shortly 
petiolulate  or  subsessile,  hairy,  light  green,  one-nerved  ;  petioles 
long,  hairy,  shghtly  channelled  on  the  upper  side. 


Fig.  269. — Ononis  altissima,  x  16.  A,  longitudinal  section.  B,  trans- 
verse section :  B,  radicle  ;  C,  cotyledons ;  o  c,  outer  coat  of  testa ;  i  c, 
inner  coat  of  testa. 


Tribe  Teifoi/IE^. 
Ononis  altissima,  Lam.  (fig.  269). 

Seeds  almost  orbicular,  with  a  prominent  basal  notch  ;  testa 
tubercled,  dark  brown.  Seed  exalbuminous,  1-5-2  mm.  in  dia- 
meter. 
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Embryo  curved  or  rounded  on  itself,  filling  the  whole  interior  of 
the  seed,  yellowish-white. 

Cotyledons  oval  or  nearly  round,  fleshy,  sessile  with  their  edges 
to  the  hilum  ;  radicle  accumbent  on  the  edges  of  the  cotyledons, 
angled,  obtuse,  rather  longer  than  the  cotyledons.  Owing  to  the 
thickening  of  the  testa  near  the  basal  notch  there  is  probably  a 
slight  oblique  emargination  in  the  cotyledons. 


Fig.  270. — Ononis  Natrix,  Nat.  size. 


Ononis  Natrix,  DC.  (fig.  270). 
Hypocotyl  subterranean. 

Cotyledons  shortly  and  broadly  oblong,  obtuse,  densely  hairy, 
8-5  mm.  long,  7  mm.  broad ;  petiole  1  mm.  long. 

Stem  erect,  terete,  glandular-hairy,  suffruticose  at  the  base 
mostly  covered  by  the  large  sheathing  stipules  ;  1st  internode  2  mm. 
long  ;  2nd  3-5  mm. ;  3rd  4-5  mm. ;  4th  7-5  mm. ;  5th  9  mm. ;  6th 
8  mm. ;  7th  1-15  cm. ;  8th  1-15  cm.;  9th  1-25  cm. ;  10th  1-05  cm. 
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Leaves  compound,  pinnately  trifoliolate,  cauline,  alternate, 
stipulate,  petiolate,  glandular-hairy,  smelling  strongly  ;  petioles 
channelled  above,  glandular-hairy  ;  stipules  adnate  to  the  petioles 
for  three-quarters  their  length,  glandular-hairy,  with  ovate-subulate 
free  points,  entire  or  distantly  serrate  on  the  upper  part  of  the 
stem. 

Nos.  1-4.  UnifoUolate ;  the  three  lower  ovate,  entire  or  slightly 
serrate  towards  the  apex  ;  the  upper  one  ovate,  oblong,  cuspidate, 
serrulate  with  ascending  parallel  veins  running  into  the  serratures, 
as  in  all  the  other  leaves. 

No.  5.  Pinnately  trifoliolate  ;  leaflets  oblong,  cuspidate,  serrulate 
above  the  middle ;  terminal  leaflet  twice  as  broad  as  the  lateral 
ones. 

Nos,  6  and  7.  Similar,  but  leaflets  serrulate  for  three-quarters 
of  their  length. 

Nos.  8-12.  Leaflets  more  nearly  equal  in  size  and  inclining  to 
be  oblong-elliptical, 

Pocockia  cretica,  Ser. 

Primary  rod  long,  tapering,  fleshy,  colourless,  giving  oflf  nume- 
rous lateral  rootlets  which  frequently  have  little  white  fleshy 
tubercles  attached  to  them,  annual. 

Hypocotyl  stout,  tapering  downwards,  shghtly  wrinkled  trans- 
versely, white,  1-2  cm.  long,  glabrous. 

CoUjledons  :  lamina  oblong,  obtuse,  articulated  with  its  petiole, 
fleshy,  bright  green  above,  much  paler  beneath,  1-2  cm.  long, 
7  mm.  broad,  glabrous ;  petioles  fleshy,  slightly  channelled  above, 
dilated  at  the  base  and  connate,  5  mm.  long. 

Stem  herbaceous,  annual. 

Leaves  compound,  pinnately  trifoliolate  (first  one  simple  or  rather 
unifoholate),  radical  and  cauline,  alternate,  stipulate,  petiolate, 
fleshy,  glabrous,  bright  green  above,  glaucous  or  almost  white 
beneath  ;  petiole  subterete,  channelled,  reddish  and  minutely  pubes- 
cent above,  pale  green  beneath,  articulated  above  the  stipules- 
stipules  large,  sheathing,  adnate  for  two-thirds  of  their  length  to 
the  petiole,  with  the  upper  third  free,  ovate,  lacerated  or  deeply  and 
sharply  toothed,  very  pale,  almost  colourless. 

No.  1.  Unifoliolate  ;  leaflet  rotund,  entire,  or  obsoletely  dentate 
bright  green  above  with  a  crimson  spot  at  its  base,  convex  above' 
concave  below  and  glaucous,  articulated  with  the  petiole. 

No.  2,  and  all  following  it,  pinnately  trifoholate  ;  leaflets  rotund- 
cuneate,  emarginate  with  a  tooth  in  the  notch,  obsoletely  dentate 
bright  green  above  with  a  crimson  spot  at  the  base,  glaucous  beneath ' 
terminal  leaflet  largest ;  rachis  between  the  leaflets  i  mm.  long.  ' 
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Trigonella  corniculata,  L. 

Priviari/  root  a  short  colourless  tap-root  with  a  few  fibrous 
lateral  rootlets. 

JJi/^jocoitT/Z herbaceous,  2  cm.  long,  -75  mm.  thick,  terete,  glabrous, 
greenish-grey. 

Cotyledons  sessile  and  semi-amplexicaul,  1  •25-1-5  cm.  long, 
3  mm.  broad,  linear-obovate,  rounded  at  the  apex,  entire,  with  no 
visible  nerves,  glabrous,  stout  but  not  thick,  light  green. 

Leaves  pinnately  trifoliolate  (the  first  simple),  cauhne,  alter- 
nate, stipulate,  petiolate,  alternately  and  ascendingly  penninerved 
with  the  nerves  running  out  into  teeth,  glabrous,  pale  or  deep  green 
above,  paler  beneath  ;  petioles  slender,  glabrous ;  stipules  small, 
adnate  to  the  petiole  with  a  free  point. 

No.  1.  With  a  long  slender  petiole,  simple  ;  lamina  1  cm.  long, 
and  as  broad ;  orbicular,  mucronate,  slightly  denticulate,  penni- 
nerved, glabrous,  thin,  uneven,  yellowish-green  above,  shghtly  paler 
below  ;  petiole  about  2  cm.  long,  '5  mm.  broad,  articulated  near  the 
apex,  glabrous. 

Trigonella  Foenum-grsecum,  L. 

Hypocotyl  much  stouter  than  in  T.  corniculata,  hght  green  or 
colourless. 

Cotyledons  oval-oblong,  obtuse,  entire,  fleshy,  petiolate,  glabrous, 
green,  indistinctly  pinnatinerved  ;  petiole  thick,  short,  channelled  on 
the  upper  face,  sheathing  and  connate  at  the  base,  suddenly  becom- 
ing thin  near  the  base  of  the  leaf,  so  that  the  cotyledon  appears 
articulated  with  it. 

Stein  erect,  terete,  glabrous  ;  primary  internodes  but  shghtly 
developed. 

Leaves  trifoholate,  as  in  precedkig  species  ;  leaflets  obovate, 
shortly  petiolulate,  green,  pinnatinerved. 

No.  1.  Simple,  shghtly  toothed,  obovate,  shallowly  emarginate; 
petiole  hairy,  deeply  chaimelled  on  the  upper  side,  becoming  sud- 
denly thin  near  the  base  of  the  lamina  with  which  it  is  articulated ; 
stipules  thin,  rather  large,  hairy,  ending  in  a  point. 

Trigonella  gladiata,  Stev. 

Primary  root  long  and  tapering,  colourless,  fleshy,  throwing  off 
numerous  secondary  rootlets  towards  its  growing  point,  with  occa- 
sionally small  white  fleshy  tubercles,  annual. 

Hypocotyl  subterranean,  fleshy,  tuberous,  colourless,  about  8  cm. 
long. 
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Cotyledons  very  similar  to  those  of  T.  Foenum-grascum,  articu- 
lated with  the  petiole,  18  mm.  long,  6  mm.  broad  ;  petiole  4  mm. 
long. 

Stem  herbaceous,  annual,  erect  or  flexuous,  terete,  pale  green 
hairy  ;  1st  internode  4*5  mm.  long  ;  2nd  10  mm. ;  3rd  5  mm. 

Leaves  as  in  other  species,  glabrous  above,  sparsely  hairy  beneath 
when  young,  glabrescent ;  petiole  subterete,  channelled  above, 
articulated  above  the  sheathing  stipules,  hairy,  pale  green  slightly 
tinged  above  with  red ;  stipules  adnate  to  the  petiole  for  two- 
thirds  their  length,  hairy,  pale  green  or  almost  colourless,  with 
ovate,  acuminate,  free  tips,  entire. 

No.  1.  Unifoholate ;  leaflet  articulate  with  its  petiole,  rotund, 
entire,  succulent  like  all  the  rest. 

No.  2,  and  aU  succeeding.  Pinnately  trifoHolate  ;  leaflets  obovate- 
cuneate,  emarginate,  finely  serrulate  from  the  middle  upwards,  with 
numerous  ascending,  parallel  nerves  ending  in  the  serratures,  bright 
green  above  with  a  red  midrib,  glaucous  beneath  ;  middle  leaflet 
largest ;  rachis  between  the  leaflets  4  mm.  long. 

Medicago  sativa,  L. 

Fruit  a  legume  spiraUy  twisted  into  two  or  three  coils,  several- 
seeded. 

Seeds  oblong  with  a  notch  near  the  hilum,  exalbuminous,  2-3 
mm.  long  ;  testa  smooth,  yellowish  ;  hilum  inconspicuous,  near  the 
micropyle. 

Embryo  curved  or  rounded  on  itself,  filling  the  whole  of  the 
seed,  colourless  ;  cotyledons  oblong  with  a  tendency  to  become  fal- 
cate, fleshy,  entire,  sessile,  with  their  edges  towards  the  hilum  ; 
radicle  square  or  triangular,  acute,  considerably  shorter  than  the 
cotyledons  and  accumbent. 

M.  lupulina,  L. 

Legume  small,  kidney-shaped,  not  spirally  twisted,  black. 
Seed  smaller  than  in  M.  sativa,  rather  more  orbicular,  1-5-2-5  mm. 
in  diameter. 

Medicago  orbicularis.  All.  (fig.  271). 

In  germination  the  spirally  coiled  legume  spHts  readily  along 
the  dorsal  suture,  and  the  radicles  of  the  various  seeds  seem  all  to 
make  their  exit  along  one  side,  while  the  cotyledons  push  out 
along  the  opposite  side.  By  this  means  the  fruit  is  efi'ectually  fixed 
.to  the  soil  while  the  embryos  have  no  difiiculty  in  getting  out.  The 
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testa  is,  however,  sometimes  carried  up  by  the  cotyledons  and  sphts 

irregularly  as  the  coty- 
ledons expand. 

Twelve  to  sixteen 
seedlings  from  one  fruit 
are  not  infrequent.  A 
few  instances  occur  (two 
to  three  out  of  fifty-six) 
where  the  radicle  and 
cotyledons  emerge  to- 
gether at  one  side  of  the 
fruit,  and  consequently 
stand  out  free  from  it. 
One  instance  occurred 
amongst  fifty-six  seed- 
lings where  the  cotyle- 
dons got  clear  away  from 
the  fruit  and  seed,  but 
the  radicle  failed  to  get 
out  and  consequently 
the  seedling  did  not 
make  the  same  pro- 
gress as  the  rest  and 
most    likely  perished. 
The  cotyledons  at  this 
stage  are  oblong,  obtuse, 
entire,  petiolate,  nar- 
rowed to  the  base,  gla- 
brous, somewhat  fleshy, 
showing  a  midrib  in- 
distinctly, but  no  other 
venation,   deep  green 
above,   paler  beneath, 
but  often  suffused  with 
purple.  Hypocotyl  gla- 
brous, slender,  purplish 
or  ultimately  green. 

Melilotus  officinalis, 

IVilld. 

Primary  root  nor- 
mal, slightly  tuberculat- 
Fio.  m.—Medicago  orbicularis,  y.  2.  ,  auuual  or  biennial. 

Nine  seedlings,  all  from  one  fruit.  GO,  auuuni 
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Eypocotyl  erect,  terete,  glabrous,  colourless  when  subterranean, 
red  when  rising  out  of  the  soil,  tapering  gradually  into  the 
root. 

Cotyledons  oblong,  obtuse,  fleshy,  petiolate,  glabrous,  deep  green  ; 
lamina  7  mm.  long,  3*5  mm.  broad ;  petiole  articulated  with  the 
lamina,  fleshy,  channelled  above,  1  mm.  long. 

Stem  herbaceous,  erect,  terete,  glabrous  or  thinly  pubescent,, 
green  or  purphsh  ;  1st  internode  2-4  cm.  long  ;  2nd  2*7  cm. ;  3rd 
1-15  cm. 

Leaves  pinnately  trifoHolate  (1st  unifoliolate),  cauHne,  alter- 
nate, stipulate,  petiolate,  glabrous  above,  thinly  pubescent  on  the 
under  surface,  deep  or  intensely  glaucous-green  above,  glaucous 
beneath,  alternately  penninerved,  with  numerous,  ascending,  parallel, 
simple  or  forking  veins  ;  petioles  trigonous,  channelled  on  the  upper 
side,  thinly  pubescent ;  stipules  subulate,  attenuate,  entire,  minutely 
cihate. 

No.  1.  Unifoholate,  rotund,  subemarginate,  minutely  notched 
at  the  base,  obsoletely  crenate,  with  the  tips  of  the  nerves  de- 
pressed. 

No.  2.  Trifoholate  ;  terminal  leaflet  obovate,  emarginate,  ob- 
scurely toothed  in  the  notch,  obsoletely  crenate  ;  lateral  leaflets 
obovate-oblong,  otherwise  hke  the  terminal  one. 

Nos.  3-5.  With  rather  longer,  narrower,  more  evidently  ser- 
rulate or  denticulate  leaflets. 

Ultunate  leaves  pinnately  trifoliolate  ;  leaflets  emargmate, 
toothed  in  the  notch,  denticulate ;  terminal  one  ovate,  lateral  ones 
oblong-elliptic. 

MelUotus  leucantha,  Koch,  closely  resembles  the  preceding 
species  but  has  rather  larger  cotyledons. 

Trifolium  Boissieri,  Gicss.  (fig.  272). 

Primary  root  long,  tapering,  with  lateral  rootlets  and  a  few 
tubercles. 

HypoGotyl  tapering,  fleshy,  terete,  colourless  below  the  soil  and 
purple  above,  glabrous,  tapering  msensibly  into  the  root. 

Cotyledons  glabrous,  fleshy  ;  lamina  oblong,  obtuse,  deep  green 
articulated  with  its  petiole,  8  mm.  long,  3-75  mm.  broad;  petioles 
dilated  and  connate  at  the  base,  channelled  above,  2-5  mm.  long. 

Stem  herbaceous,  erect,  flexuous,  wiry  and  purple  at  the  base 
stouter  upwards,  angled,  pale  green,  sparsely  pubescent ;  1st  inter- 
node 1-2  cm.  long  ;  2nd  1-2  cm. ;  3rd  G  mm. 

Leaves  pmnately  trifoholate  (No.  1  unifoliolate),  cauline,  stipu- 

e;  e 
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late,  alternate,  petiolate,  minutely  and  sparsely  pubescent,  at  least 
when  young ;  stipules  very  shortly  adnate  to  the  petiole,  one-  or 

two-toothed  at  the  basal  posterior  side,  with 
a  long,  linear,  subulate  point. 

No.  1.  Unifoliolate  ;  leaflet  large,  trans- 
versely oval,  apiculate,  obsoletely  crenulate ; 
petiole  like  the  others,  subterete,  chan- 
nelled above,  subamplexicaul  at  the  base. 

No.  2,  and  the  rest.  Pinnately  trifolio- 
late;  leaflets  obovate,  emarginate,  with  a 
tooth  in  the  notch,  serrulate,  except  on  the 
basal  thu-d  or  half,  rounded  or  emarginate 
at  the  base,  deep  green  above  and  obscurely 
nerved,  glaucous  beneath,  with  parallel, 
ascending  nerves  running  into  the  serra- 
tures ;  rachis  between  the  lateral  and  ter- 
minal leaflets  3  mm.  long. 

Trifolium  subterraneum,  L. 

Cotyledons  oblong,  obtuse,  petiolate. 
Leaves  pinnately  trifoholate,  radical  and 
cauline,  villous  on  both  surfaces  as  well  as 
the  petiole,  with  ascending,  parallel,  sknple, 
or  forked  veins. 

No.  1.  Unifoholate,  rotund,  emargi- 
nate, toothed  in  the  notch,  obsoletely 
denticulate. 

No.  2.  Trifoholate ;  leaflets  rotund- 
obovate,  otherwise  as  in  No.  1. 

Ultimate  leaves  pinnately  trifoho- 
late ;  leaflets  obovate,  emarginate. 

Tribe  Lote^. 

Anthyllis  Vulneraria,  L.  (fig.  273). 
Hypocotyl  erect,  terete,  glabrous, 
pale  green,  6  mm.  to  1-7  cm.  long. 

Cotyledons  large,  fleshy,  glabrous, 
obhquely  oval,  obtuse,  suddenly  nar- 
rowed at  the  base  to  a  short  petiole, 
^^at.8.ze.  i_i.4  cm.  long,  6-9-25  mm.  v.iAe; 

petiole  shallowly  grooved  above,  subperfoliate,  about  8  mm- 
long. 


Fig.  272. 

Trifolium  Boissieri. 
Half  nat.  size. 


Pig.  27d.— Anthyllis  Vulneraria 
Nat.  size 
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Stem  short,  herbaceous. 

Leaves  compound  (the  first  few  are  simple),  radical,  alternate, 
stipulate,  petiolate,  silky  at  the  margin,  otherwise  glabrous,  some- 
what fleshy,  thick,  alternately  and  ascendingly  penninerved,  deep 
subglaucous-green ;  petioles  deeply  channelled  above,  gradually 
dilated  to  a  wide  amplexicaul  base,  hairy ;  stipules  almost  wholly 
adnate  to  the  petiole  (in  young  seedling)  with  small,  subulate,  brown 
free  tips. 

No.  1.  Simple,  entire,  narrowly  obovate-elliptic,mmutely cuspidate 
No.  2.  Simple,  oblong-elliptic,  minutely  cuspidate. 

Lotus  Tetragonolobus,  L. 

Primary  ropt  stout,  fleshy,  tapering  downwards,  with  a  few  fleshy 
lateral  rootlets,  and  comparatively  large  flesh-coloured  tubercles. 

Eypocotyl  erect,  terete,  stout,  colourless,  glabrous,  partly  sub- 
terranean, 2-8-3'2  cm.  long. 

Cotyledons  broadly  oblong,  cordate  at  the  base,  rounded  at  the 
apex,  petiolate,  fleshy,  glabrous,  five-nerved  but  very  indistinctly 
and  seen  only  on  the  under  side,  deep  opaque  green  above,  paler 
beneath  and  shining;  lamina  directed  shghtlyto  one  side,  1-3-1-5 
cm.  long,  1-1-1  cm.  wide;  petiole  very  broad,  grooved  above, 
convex  beneath,  connate  at  the  base,  pale  green  almost  colourless, 
minutely  dotted  with  red,  glabrous,  articulated  with  the  lamina, 
5  mm.  long,  3  mm.  broad. 

Stem  herbaceous,  annual,  erect,  dividing  into  four  immediately 
above  and  between  the  cotyledons,  pale  green,  densely  hairy,  almost 
villous  ;  two  branches  take  the  lead  and  are  the  strongest ;  primary 
internode  of  the  stronger  pair  of  branches  1-1.4  cm.  long ;  of  the 
weaker  pair  4-7  mm. 

Leaves  compound,  cauHne,  alternate,  stipulate,  petiolate,  some- 
what hoary  with  pale-coloured  or  whitish  hairs  on  both  surfaces, 
glaucous-green  above,  paler  beneath  ;  leaflets  alternately  and  ascen- 
dmgly  penninerved  with  the  nerves  discernible  by  transmitted  light 
only,  articulate  with  the  petiole,  the  lateral  one  sessile,  the  terminal 
one  shortly  petiolulate  ;  stipules  foKaceous,  obliquely  triangular, 
obtuse,  radiately  nerved  from  the  base,  hairy  on  both  surfaces  like 
the  leaves,  sessile,  not  articulated  with  the  petiole,  but  seated  at  its 
base  and  partly  on  the  stem,  semi-amplexicaul. 

No.  1  on  the  larger  branches.  Ternate  ;  terminal  leaflet  obovate, 
obtuse,  entire  or  minutely  emarginate,  petiolulate  ;  lateral  leaflets 
sessile,  obhquely  obovate,  unequal-sided,  with  the  broadest  half  on 
the  posterior  side  of  the  midrib,  minutely  cuspidate. 

No.  2.  Similar,  but  the  terminal  leaflet  entire. 
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No.  1  on  the  smaller  pair  of  branches  similar  to  those  of  the 
larger  pair  of  branches. 

Note. — Out  of  one  hundred  and  nine  seedlings,  seventy-six  had 
the  plumule  divided  into  four  stems  or  branches  immediately  it 
emerged  from  between  the  base  of  the  cotyledons.  The  remaining 
thirty-three  were  either  damaged  or  not  sufficiently  advanced  to 
determine  whether  they  would  have  two  or  four  stems.  There  is 
every  appearance,  however,  that  it  is  a  constant  character  of  this 
species  to  have  four  instead  of  one  primary  stem. 

Lotus  peliorhynclius,  Hort. 

Hypocotyl  erect,  terete,  2-3-5  cm.  long,  greenish -brown,  gla- 
brous. 

Cotyledons  linear- oblong,  entire,  petiolate,  obtuse,  glabrous, 
greyish-green,  with  no  apparent  venation. 

Stem  erect,  terete,  herbaceous,  downy,  greyish  ;  1st  intemode 
4-8  mm.  long. 

First  leaves  compound,  digitate,  shortly  petiolate,  downy; 
leaflets  five,  linear,  acute,  entire,  sessile,  greyish. 

Tbibe  Galege^e. 

Psoralea  sp. 

Hypocotyl  erect,  terete,  glabrous,  1-5-2-5  cm.  long,  hght  green 
or  colourless. 

Cotyledons  subfleshy,  oblong,  obtuse,  falcate,  petiolate,  glabrous, 
light  green,  pinnatinerved ;  petioles  1-5-2  cm.  long,  channelled 
on  the  upper  side. 

Stem  erect,  square,  herbaceous,  with  a  few  short  silky  hairs ; 
1st  internode  1-1-2  cm.  long. 

First  leaves  simple,  entire,  cauline,  opposite,  ovate  or  cordate, 
obtuse,  petiolate,  stipulate,  cihate,  covered  with  minute  hairs,  dark 
green,  pinnatinerved,  with  the  lateral  veins  very  much  branched ; 
petiole  2-3  cm.  long,  covered  with  minute  hairs,  channelled  on  the 
upper  side  ;  stipules  small,  acute,  entire,  hairy. 

Succeeding  leaves  are  pinnate  and  alternate. 

Indigofera  australis,  Willd.  (fig.  274). 

Hypocotyl  erect,  terete,  suffruticose,  8-12  mm.  long. 

Cotyledons  caducous. 

Stem  erect,  terete,  suffrutescent,  pale  green  ;  1st  internode 
1  cm.  long;  2nd  1-8  cm.;  3rd  2  cm.;  4th  2-2  cm.,  minutely 
pubescent  when  young. 
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Leaves  compound,  imparipinnate  (first  two  opposite  and  uni- 
foliolate),  alternate,  stipulate,  petiolate,  deep  green,  glabrous, 
minutely  pubescent  at  the  mar- 
gin, but  all  over  when  young ; 
petioles  subterete,  channelled 
above  as  well  as  the  rachis ; 
stipules  small,  subulate,  acute ; 
leaflets  stipellate. 

Nos.  1  and  2.  Opposite,  uni- 
foholate  ;  leaflets  oblong-obov- 
ate,  emarginate. 

No.  3.  Sometimes  imifolio- 
late,  but  most  frequently  pin- 
nately trifoliolate ;  terminal 
leaflet  obovate,  emarginate ; 
lateral  leaflets  oval. 

No.  4.  Pinnately  trifoliolate  ; 
leaflets  oblong,  emarginate  ;  ter- 
minal one  largest. 

No.  5.  Pinnately  five-folio- 
late  ;  lowest  pair  of  leaflets  oval,  . 
the  rest  larger  and  oblong. 
No.  6.  Pinnately  seven-folio- 


late. 


Pig.  274. — Indigofera  australis. 
Two-thirds  nat.  size. 


Galega  officinalis,  L. 

Primary  root  long,  tapering,  fleshy,  colourless,  giving  off  numer- 
ous  lateral  rootlets,  and  furnished  with  numerous  oblong-ovoid, 
fleshy  tubercles. 

Hypocotyl  subsucculent  at  first,  erect,  terete,  glabrous,  mostly 
subterranean,  tapering  gradually  into  the  root. 

Cotyledons  obovate-oblong,  obtuse,  subfleshy,  tapering  at  the 
base  to  a  short  broad  petiole,  glabrous,  spreading  or  arching,  1-4  cm. 
long  mcluding  the  petiole,  6  mm.  broad. 

Stem  herbaceous,  erect,  terete  at  the  base  and  angled  upwards 
and  striate,  slightly  thickened  at  the  nodes,  glabrous  and  shining, 
green  suffused  with  purple,  especially  at  the  nodes  ;  1st  internode 
2  mm.  long  ;  2nd  4  mm. ;  3rd  1-2  cm.  ;  4th  1-2  cm.  ;  5th  1-3  cm. 

Leaves  imparipinnate  (1st  unifoliolate),  cauline,  alternate, 
stipulate,  petiolate,  glabrous,  glaucous-green  on  both  sides,  paler 
beneath  ;  petioles  subterete,  channeUcd  above,  sparsely  pubescent ; 
stipules  free,  subulate,  attenuate,  acute,  pale  green,  glabrous,  be- 
commg  broader  upwards,  and  many-veined ;  leaflets  entire  with 
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numerous  parallel,  ascending  veins,  forking  towards  the  margin, 
obtuse  or  retuse  and  apiculate  at  the  tip. 

No.  1.  Unifoliolate ;  lamina  obovate-elliptic. 

No.  2.  Abruptly  bifoliolate ;  terminal  leaflet  wanting ;  lateral 
leaflets  oval  or  elliptic. 

Nos.  3  and  4.  Pinnately  trifoliolate  ;  leaflets  elliptic. 

Nos.  5  and  6.  Pinnately  five-foliolate ;  leaflets  oblong-elliptic, 
upper  three  siibapproximate. 

Ultimate  leaf  of  five  or  more  pairs  of  leaflets  and  a  terminal 
one  ;  leaflets  mostly  opposite,  ovate,  obtuse,  subcordate  at  the  base, 
apiculate,  glabrous,  glaucous-green  above,  glaucous  beneath  ;  stipules 
ovate,  acuminate. 

Robinia  Pseud-Acacia,  L,  (fig.  275). 

Hypocotyl  erect,  terete,  glabrous,  pale  green,  slender,  1-6-2  cm. 
long. 

Cotyledons  oblong-oval,  obtuse,  entire,  equal  or  very  slightly 
unequal  at  the  base,  alternately  incurvinerved,  petiolate,  thick  with 

very  obscure  venation,  glabrous, 
light  green  on  both  surfaces ; 
lamina  8-9  mm.  long,  5*5-6"5 
mm.  wide ;  petiole  ascending, 
semiterete,  channelled  above,  gla- 
brous, 1  mm.  long. 

Stem  erect,  terete,  zigzag  or 
flexuous,  thinly  pubescent  m 
seedling  stage  with  upwardly  ad- 
pressed  hairs,  pale  green,  ulti- 
mately arborescent;  1st  internode 
5-7  mm.  long,  2nd  2-3  mm. 

Leaves  compound  (first  one 
unifoHolate),  imparipinnate,  cau- 
Hne,  alternate,  stipulate,  petio- 
late, alternately  and  ascendmgly 
penninerved  and  finely  reticulate, 
thinly  or  more  or  less  conspicu- 
ously pubescent  on  the  margins 
and  petioles,  deep  glaucous-green 
above,  paler  and  glaucous  beneath;  leaflets  entire  more  or  less 
conspicuously  stipulate  in  the  adult  plant,  articulated  with  be 
rachis;  stipules  small,  subulate,  inconspicuous  or  sometime 
wanting  ;  petioles  subterete,  shallowly  channelled  above,  moic  or 
less  pubescent,  articulated  with  the  stem  and  also  with  the  leaflets. 


Pio.  275. — Bobinia  Pseud-Acacia, 
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No.  1.  Eotund,  obtuse,  entire  or  sliallowly  emarginate  (appa- 
rently deformed  in  specimen  sketched). 

No.  2.  Pinnately  trifoliolate  ;  lateral  leaflets  opposite,  elliptic, 
small,  shortly  petiolulate  ;  terminal  leaflet  similar  but  much  larger 
and  with  a  longer  petiolule. 

Nos.  3-5.  Pinnately  trifoholate,  very  similar  to  the  2nd. 
Branches  in  the  axils  of  the  first  and  second  leaves  similar  to  those 
of  the  primary  stem. 

Carmicliselia  pilosa.  Col. 

Hypocotyl  erect,  terete,  slender,  about  7  mm.  long. 

Cotyledons  opposite  or  subalternate  (perhaps  accidental),  oblong- 
spathulate,  obtuse,  entire,  narrowed  to  the  base. 

Stem  shrubby,  slender,  spreading,  or  diiluse  and  branching  at 
the  base,  striate,  terete  at  the  base,  and  becoming  dilated  and 
flattened  upward,  deep  brown  and  covered  with  an  ascending,  ad- 
pressed,  white  pubescence. 

Leaves  cauline,  simple  and  ternately  compound,  alternate,  stipu- 
late, distichous,  petiolate  and  petiolulate,  pubescent  on  both  surfaces 
as  well  as  the  petioles,  becoming  glabrous  on  the  upper  surface 
when  old  ;  pubescence  adpressed  upwards  ;  petiole  subterete,  chan- 
nelled above,  about  5-8  mm.  long,  articulated  at  the  base  and  apex 
below  the  leaf  or  leaflets  ;  stipules  small,  scarious,  and  grej'isb, 
triangular  or  rounded  and  toothed,  adpressed  to  the  stem  and 
petiole. 

No.  1  to  some  indefinite  number.  Simple,  obcordate,  entire, 
articulate  with  the  petiole,  indistinctly  penninerved. 

Ultimately  some  leaves  show  a  terminal  with  one  lateral  leaf- 
let. Occasionally  a  few  leaves  have  three  leaflets  ;  lateral  ones 
similar  but  much  smaller  than  the  terminal  one ;  petiolule  of  terminal 
leaflet  about  2  mm.  long  ;  lateral  ones  much  shorter.  As  the  branch 
weakens  towards  the  tip,  the  leaves  are  again  reduced  to  a  single 
leaflet. 

Sesbania  segyptiaca,  Pers.  (fig.  276). 

Fmit  a  legume,  linear,  terete  or  tetragonous,  transversely 
septate  between  the  seeds,  dehiscing  by  two  valves  or  not  at  all. 

Seed  transversely  oblong,  terete,  obtuse  at  each  end,  smooth, 
shining,  pale  yellow ;  testa  thin  ;  hilum  conspicuous  above  the 
middle  on  the  ventral  aspect,  thickened,  brown ;  chalaza  ventral, 
towards  the  opposite  end,  but  not  quite  basal. 

Endosperm  in  the  mature  seed  rather  copious,  cartilaginous, 
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sub  transparent,  forming  a  thick  layer  at  the  back  of  each  cotyledon, 
and  a  thin  continuous  layer  at  their  edges  and  ends. 

Embryo  large,  curved,  nearly  equal  in  length  to  the  endosperm, 
central,  conforming  in  general  outline  to  that  of  the  seed,  pale 
yellow  ;  cotyledons  linear-oblong  or  oblong,  obtuse,  entire,  slightly 


Fig.  276. — Sesbania  cegyptiaca,  x  13.  A,  longitudinal  section  of 
seed  :  B,  radicle  ;  H,  hilum.  B,  transverse  section  of  seed  near 
the  end  containing  the  radicle,  B  :  F,  endosperm ;  G,  coty- 
ledons. C,  transverse  section  of  seed  towards  end  opposite 
the  radicle :  P,  endosperm  ;  C,  cotyledons. 


indented  near  the  middle  owing  to  a  thickening  at  the  hilum,  and 
somewhat  unequal  at  the  base  owing  to  the  position  of  the  radicle, 
rather  thick,  but  flat,  and  both  taken  together  presenting  a  some- 
what rectangular  appearance  in  transverse  section ;  radicle  stout, 
oblong,  obtuse,  accumbent  and  curved  round  to  the  micropyle  at  the 
base  of  the  ventral  aspect  and  outside  the  cotyledons. 

Sesbania  tomentosa.  Hook,  et  Am.  (fig.  277). 

Primary  root  long,  nearly  vertical,  with  many  lateral  branches 
thickened  near  their  ends. 

Hijpocotyl  erect,  woody,  3-4  cm.  long,  about  1  mm.  thick,  terete 
near  its  base,  ridged  higher  up  by  reason  of  the  decurrent  petioles 
of  the  cotyledons,  densely  covered  with  red  dots  especially  below, 
otherwise  of  a  paler  green  below. 

Cotyledons  subsessile,  1-5-2  cm.  long,  8-10  mm.  broad,  unequal,' 
one  oblong,  the  other  oblong-obovate,  entire,  convex,  obscurely 
penninerved,  rather  thick,  glabrous,  dull  green  above,  paler  beneath, 
not  very  persistent. 

'  Inequality  of  cotyledons  probably  accidental. 
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Stem  herbaceous,  ultimately  woody,  erect,  about  1  mm.  thick ; 
1st  internode  1*5  cm.  long ;  2iid  and  third  shorter ;  otherwise  much 
like  the  hypocotyl. 

Leaves  compound,  abruptly  pinnate  (1st 
one  entire),  cauhne,  alternate,  stipulate, 
petiolate,  alternately  incurvinerved  and  re- 
ticulate, pubescent  in  the  young  state,  ulti- 
mately glabrous ;  leaflets  oblong,  entire, 
shortly  petiolulate,  opposite  ;  stipules  small, 
subulate,  acute,  caducous. 

No.  1.  Stipulate,  petiolate,  resembling 
the  seed-leaves  but  larger,  3-3'5  cm.  long, 

1  "25-1  "5  cm.  broad,  oblong- obovate,  acute 
at  base,  truncate  and  mucronate  at  apex, 
entire,  irregularly  penninerved  and  reticu- 
lately  veined,  with  sunk  midrib,  flat,  thin, 
glabrous. 

No.  2.  Abruptly  pinnate,  3"5  cm.  long, 

2  cm.  broad,  with  three  pairs  of  subsessile, 
Hnear-oblong,  oblique,  mucronate  leaflets, 
slightly  pubescent  beneath,  •75-l'25  cm. 
long  and  2-5-5  mm.  broad ;  rachis  ter- 
minating in  a  long  mucro,  channelled,  as 
well  as  the  petiole. 

Nos.  3  and  4.  Similar,  but  with  four  pairs 
of  leaflets. 

Youngest  leaves  pubescent  on  the  under  side  of  blade  and 
petiole. 

Sesbania  grandiflora,  Poir. 

HyiooGotyl  erect,  terete,  glabrous,  pale  green,  mottled  with  purple, 
6-7  cm.  long  or  shorter,  1-5-2  mm.  thick. 

Cotyledons  petiolate,  oblong,  obtuse,  entire,  falcate,  thick,  fleshy, 
deep  green,  glabrous,  2-7  cm.  long,  1-2  cm.  broad;  midrib  sunk 
above,  prominent  beneath  ;  petiole  about  1  mm.  long. 

Stem  erect,  terete,  glabrous,  pale  green,  mottled  with  purple ; 
1st  internode  variable  in  length,  1-4  cm.  long,  2  mm.  thick  ;  2nd 
2-5  mm.  long. 

Leaves  cauline,  alternate,  stipulate,  petiolate. 

No.  1.  Simple,  articulated  at  the  base  of  the  petiole  and  at  the 
base  of  the  lamina  ;  petiole  terete,  channelled  above,  purplish,  8-5 
mm.  long ;  lamina  oblong-lanceolate,  obtuse,  mucronate,  obscurely 
pennuaerved  with  ascendmg  nerves,  glabrous  and  deep  green  above, 


Fig.  277. 

Sesbania  tomentosa. 
Half  nat.  size. 
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glabrous  and  glaucous  beneath  ;  stipules  subulate,  acute,  falcate  or 
recurved,  reddish. 

No.  2.  Compound,  abruptly  pinnate,  petiolate,  glabrous  ;  leaflets 
in  four  (sometimes  five)  pairs,  oblong,  obtuse,  mucronate,  penni- 
nerved,  entire,  deep  green  above,  paler  beneath,  rather  fleshy,  oppo- 
site, petiolulate ;  petiolules  slender,  1  mm.  long,  articulated  at  both 
ends  ;  primary  petiole  and  primary  midrib  subterete,  channelled 
above,  ending  in  a  mucro  between  the  last  pair  of  leaflets  ;  stipules 
as  above. 

No.  3.  Abruptly  pinnate,  with  five  pairs  of  leaflets. 
Swainsonia  oncinotropis,  F.  Muell. 

Hypocotyl  1  cm.  long,  1  mm.  thick,  herbaceous,  terete,  glabrous, 
greyish-green. 

Cotyledons  subsessile,  1-5  cm.  long,  -5  cm.  broad,  '5  mm.  thick, 
obovate-spathulate,  rounded  at  apex,  entire,  obscurely  nerved,  gla- 
brous, light  green,  rather  persistent. 

Stem  herbaceous,  terete,  pubescent,  light  green  ;  internodes  1-3 
cm.  long,  1  mm.  thick. 

Leaves  compound,  imparipinnate,  cauline,  alternate,  stipulate, 
petiolate,  alternately  penninerved  with  ascending  nerves,  thin  or 
membranous ;  leaflets  entire,  exstipellate ;  stipules  herbaceous, 
generally  broad  at  the  base. 

No.  1.  Pinnately  trifoliolate  ;  leaflets  -5  cm.  long,  -25  cm.  broad, 
obcordate  ;  terminal  one  twice  as  large,  obcordate  ;  petiole  slender. 

No.  2.  Similar  or  imparipinnate,  Hke  the  rest. 

Calophaca,  sp.  nov. 

Hypocotyl  erect,  terete,  glabrous,  soon  becoming  woody,  with  a 
dry,  white  appearance,  2-3  cm.  above  the  soil,  stout. 

Cotyledons  oblong,  obtuse,  falcate,  with  a  shaUow  mdentation  or 
sinus  on  the  contiguous  sides,  otherwise  entire,  petiolate,  fleshy, 
with  a  few  obscure,  alternate,  ascendmg  nerves,  deep  opaque  green 
above,  Hghter  green  beneath,  glabrous,  both  rather  conspicuously 
directed  to  one  side  of  the  plumule ;  lamina  1-5-1-7  cm.  long,  T'o- 
8-5  mm.  wide  ;  petioles  grooved  above,  convex  on  the  back,  glabrous, 
pale  green,  soon  becoming  pale  or  colourless,  4-5  mm.  long. 

Stem  erect,  terete,  glandular-pubescent  and  hairy  or  vUlous,  pale 
green,  soon  becoming  woody  and  white  ;  1st  mternode  8  mm.  long  ; 
2nd  about  -5  mm. ;  Brd  3-5  mm.  ;  4th  3-5-4  mm. 

Leaves  compound,  imparipinnate,  cauline,  alternate,  stipulate, 
exstipellate,  petiolate  and  shortly  petiolulate,  villous  beneath  and 
more  or  loss  dotted  with  sessile  glands  on  the  nerves,  glaucous  above, 
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paler  beneath  and  glaucous  ;  leaflets  emarginate,  with  a  tooth  in  the 
notch,  or  entire  and  cus^jidate,  with  numerous  alternate,  ascending, 
pale-coloured  nerves ;  stipules  linear  or  linear-subulate,  obtuse, 
acute,  or  acuminate,  soft,  pale  green,  glandular-pubescent  and  villous, 
fringed  or  cihated  with  gland-tipped  hairs,  shortly  adnate  to  the 
stem  by  one  edge  and  also  the  base  of  the  petiole,  but  mostly  below 
the  articulation  ;  petioles  terete,  glandular-hairy  and  villous,  taper- 
ing upwards  from  a  stout  articulated  base. 

Nos.  1-4.  Pinnately  trifoliolate  ;  lateral  leaflets  narrowly  obovate, 
obtuse,  entire,  minutely  cuspidate ;  terminal  leaflet  larger  and 
broader,  obtuse  or  minutely  cuspidate  ;  all  very  shortly  petiolulate. 

Nos.  5-7.  Pinnately  five-foliolate  ;  leaflets  obovate,  cuspidate  or 
emarginate,  with  a  tooth  in  the  notch  ;  terminal  one  largest. 

Caragana  arborescens,  Lam. 

Fruit  a  legume,  cylindrical,  sessile,  terete  or  turgid,  glabrous, 
pale  green,  or  straw-coloured  when  mature,  dehiscing  elastically 
along  both  sutures  and  twisting  longitudinally,  glabrous  internally ; 
seeds  many,  or  few  by  abortion. 

Seed  transversely  oblong,  rounded  and  obtuse  at  both  ends, 
glabrous,  shining,  pale  yellow ;  testa  coriaceous ;  micropyle  and 
hilum  contiguous  on  the  ventral  aspect  above  the  middle ;  raphe 
elongated,  forming  a  deep  green  line  ;  chalaza  at  the  lower  end  very 
conspicuous  and  prominent  in  the  young  growing  seed,  but  shrink- 
ing considerably  and  distinguishable  in  the  mature  seed  by  a  dark 
spot. 

Endosperm  absent. 

Embryo  large  and  occupying  the  whole  interior  of  the  seed,  green 
when  mature ;  cotyledons  oblong  or  oval  in  outline,  plano-convex, 
and  usually,  if  not  always,  unequal,  and,  together  with  the  radicle, 
conforming  in  outhne  to  the  interior  of  the  seed,  entire  at  the  apex, 
not  auricled,  but  variously  indented  or  impressed  by  the  radicle 
according  to  its  position,  lying  in  the  shghtly  broader  plane  of  the 
seed,  which  is  influenced  by  the  shape  of  the  legume,  with  their 
edges  directly  or  obliquely  to  the  placenta;  radicle  very  short, 
obtuse,  compressed  or  subterete  according  to  position,  accumbent 
or  obhquely  or  wholly  incumbent,  very  much  shorter  than  the 
cotyledons,  and  only  reaching  from  their  upper  and  basal  end  to 
the  micropyle  near  the  upper  end  of  the  ventral  aspect  of  the 
seed. 

The  different  positions  of  the  radicle  are-  apparently  due  to 
there  being  no  defined  and  allotted  space  for  it ;  it  is  accom- 
modated merely  by  being  squeezed  against  the  edges  of  both 
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cotyledons,  or  the  edge  or  the  back  of  one,  which  is  impressed  by 
its  outHne  accordingly. 

Astragalus  thianschanicus,  Begel  (fig.  278). 

Primary  rooi  tapering  downwards,  fiexuous,  furnished  with  short 
lateral  rootlets,  and  producing  more  or  less  numerous  sessile,  fleshy, 
tubercules  ;  sometimes  the  primary  root  is  overpowered  by  strong 

lateral  rootlets. 

Hypocotyl  erect,  te- 
rete, glabrous,  subterranean, 
colourless,  1-75  cm.  long. 

Cotyledons  obhquely  ob- 
ovate,  obtuse,  glabrous, 
petiolate,  subfleshy,  deep 
subglaueous  -  green  above, 
paler  beneath ;  lamina  9 
mm.  long,  5  mm.  broad; 
petiole  subchannelled  above, 
3*5  mm.  long,  connate  at 
the  base  and  sheathing. 

Stem  erect  or  ascending, 
herbaceous,  terete  at  the 
base,  angular  upwards, 
covered  with  a  pale  ad- 
pressed  pubescence,  ulti- 
mately glabrous  or  nearly 
so,  and  shining ;  1st  mter- 
node  1"5  mm.  long,  some- 
times longer  ;  2nd  7  mm. ; 
3rd  6-5  mm. ;  4th  1-2  cm. ; 
5th  2-15  cm. ;  6th  3-2  cm. ; 
7th  2-7  cm. 

Leaves  compound,  im- 
paripinnate,  cauline,  alter- 
FiG.  218.-Astragalus  thianschanicus.  ^       stipulate,  petiolate, 

Half  nat.  size.  i         x-         '  j. 

deep  subglaucous-green  and 
glabrous  above,  glaucous  beneath  and  thinly  pubescent  with  ad- 
pressed  hairs  ;  petioles  subterete,  slightly  channelled  on  the  upper 
surface,  pubescent,  as  well  as  the  rachis  ;  stipules  subulate,  acumi- 
nate, slender,  hyaline,  with  a  few  scattered  hairs,  connate  by  their 
posterior  edges,  and  forming  a  kind  of  sheath  opposite  to  the  leaf  in 
the  seedling  stage,  sometimes,  though  rarely,  splitting  apart  in  the 
adult  plant ;  leaflets  petiolulate. 
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No.  1.  Trifoliolate  ;  lateral  leaflets  broadly  oval,  rounded  at  both 
ends  ;  terminal  leaflet  broadly  oblong-obovate,  emarginate. 

No.  2.  Sometimes  trifoliolate,  at  other  times  five-foHolate. 

No.  8.  Five-  or  seven-foholate ;  leaflets  broadly  oblong,  obtuse, 
sometimes  minutely  apiculate  ;  terminal  one  largest. 

No.  4.  Seven-foliolate. 

No.  6.  Nme-foliolate  ;  leaflets  oblong,  obtuse,  subcordate  at  the 
base  ;  terminal  leaflets  broadest  above  the  middle. 
No.  6.  Nine-foliolate. 

No.  7.  Pifteen-foliolate ;  leaflets  oblong,  obtuse,  apiculate,  sub- 
cordate  at  the  base  ;  those  on  the  middle  of  the  leaf  largest. 
No.  8.  Seventeen-foliolate. 
No.  9.  Seventeen-foliolate. 

Ultimate  leaves  with  twenty-one  to  twenty-nine  or  more  leaflets, 
which  are  oblong-lanceolate,  minutely  cuspidate,  petiolulate,  penni- 
nerved  with  alternate  ascending  nerves,  deep  green  and  glabrous 
above,  glaucous  and  slightly  pubescent  with  adpressed  hairs  be- 
neath. 

Astragalus  sulcatus,  L. 

Primary  root  tapering,  flexuose,  reddish,  giving  off  fleshy,  colour- 
less lateral  rootlets,  which  soon  become  stouter  than  the  primarv 
one.  ^ 

Hypocokjl  wiry,  terete,  2-6  mm.  long. 

Cotyledons  oblong,  obtuse,  fleshy,  most  frequently  obhque  or 
falcate. 

Stem  undeveloped. 

Leaves  simple  and  compound,  radical  when  described,  alternate 
somewhat  silky  with  long  whitish  hairs,  especiaUy  when  young  ' 

No.  1.  Digitately  trifoholate  ;  leaflets  oval-the  terminal'one 
largest  and  emargmate  ;  petiole  subterete,  channelled  above  hairy  • 
petiolules  -5  mm.  long ;  stipules  ovate  or  oblong,  obtuse,  hairy  ' 

No.  2.  Most  frequently  with  the  termmal  leaflet  only. 

No.  3.  Similar  or  digitately  trifoliolate. 
1  are  pinnately  three-  to  five-foliolate  ;  terminal 

leaflet  obovate  or  oblong,  emarginate  ;  lateral  leaflets  obovate-oblona 
or  oval,  emarginate.  ^ 

Ultimate  leaves  with  many  pairs  of  opposite  (rarely  alternate) 
hnear-lanceolate,  obtuse,  emarginate,  shortly  petiolulate  leaflets 
glabrous,  deep  green  ;  stipules  subulate,  acute,  thinly  pubescent' 


430 


ON  SEEDLINGS 


Tribe  Hedysabe2e. 
Scorpiurus  sulcata,  L. 

Primary  root  tapering  downwards,  with  a  few  lateral  root- 
lets. 

Hypocotyl  erect,  terete,  glabrous,  about  1-1-25  mm.  long, 
colourless  below  ground,  yellowish-green  above. 

Cotyledons  cylindrical,  fleshy,  from  4-4-5  mm.  long,  with  a  deep 
longitudinal  furrow  on  the  upper  side,  obtuse  at  the  apex,  dark  green, 
one-nerved. 

First  leaves  arising  immediately  between  the  cotyledons,  oval  or 
slightly  obcordate,  tapering  to  the  base  or  subpetiolate,  entire,  sub- 
acute, with  a  few  minute  hairs  on  the  edges,  reticulate,  dark 
green. 

Coronilla  juncea,  L. 

Hypocotyl  erect,  terete,  glabrous,  1-2-2  cm.  long,  pale  green  or 
almost  colourless. 

Cotyledons  fleshy,  entire,  obovate-oblong,  petiolate,  obtuse, 
glaucous-green,  glabrous,  indistinctly  one-nerved. 

Stem  erect,  terete,  herbaceous,  glabrous  ;  1st  internode3-4  mm. 
long  ;  2nd  considerably  shorter. 

Leaves  cauline,  alternate. 

No.  1.  Simple,  obovate,  emarginate,  obtuse,  petiolate,  stipulate, 
glabrous,  light  green,  pinnatinerved. 

No.  2.  Compound,  digitately  trifoholate ;  leaflets  oblong  or 
shghtly  obovate,  obtuse  or  sometimes  subacute,  opposite,  sessile ; 
sometimes  the  first  leaf  is  similar  to  the  second. 

Ornithopus  repandns,  Lam. 

Primary  root  annual,  long,  slender,  thread-like,  with  a  few 
lateral  rootlets,  and  numerous  ovoid,  fleshy  tubercles. 

Hypocotyl  tapering  downwards,  terete,  glabrous,  colourless  at 
base  and  brownish  upwards,  2  cm.  long. 

CoiwZecZoTCS  foHaoeous,  fleshy,  spathulate,  oblong,  obtuse,  tapermg 
into  a  short  petiole,  glabrous,  deep  green,  2-7  cm.  long  includmgtbe 
short  petiole,  8  mm.  broad. 

Stem  annual,  slender,  erect  (at  least  when  young),  terete, glabrous, 
pale  green  ;  1st  internode  2-2  cm.  long  ;  2nd  1-3  cm. 

Leaves  compound,  digitately  trifoholate  (first  leaf  unifoholate), 
cauline,  alternate,  stipulate,  sessile,  glabrous,  deep  subglaucous-grcen, 
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succulent ;  stipules  subulate,  subacute,  connate  two-thirds  of  their 
length  on  the  side  of  the  stem  opposite  to  the  leaf. 

No.  1.  Oblong,  obtuse,  entire,  minutely  apiculate,  2*4  cm.  long, 
1*2  cm.  broad. 

No.  2.  Digitately  trifoholate;  lateral  leaflets  sessile,  rotund, 
minutely  apiculate,  3  mm.  long,  4  mm.  broad  ;  terminal  leaflet  large, 
rotund,  elliptic,  obtuse,  1-8  cm.  long,  1-4  cm.  broad. 

Branches  from  axils  of  cotyledons  similar  to  the  stem  ;  1st  and 
2nd  leaves  also  precisely  the  same. 

Hedysarum  denticulatum,  Begsl  (fig.  279). 

Fig.  1  shows  the  embryo  germinating  and  sphtting  open  the 
pericarp  of  a  segment  of  the  fruit.  The  radicle  has  pierced  the  lower 
valve  of  the  pericarp. 

Fig.  2.  A  case  in  which  two  segments  have  remained  united. 
One  embryo  is  dead  ;  the  other  has  forced  open  the  pericarp  of  both 


Fig.  279. — Hedysarum  denticulatum,  x  2^. 


segments,  and  its  radicle  has  pierced  the  lower  valve,  a  frequent 
occurrence. 

Fig.  3.  Another  segment  of  the  fruit  where  the  radicle  has  alreadv 
advanced  considerably  through  the  wall ;  the  two  halves  of  the  fruit 
have  just  commenced  to  split  open. 

Fig.  4.  Another  mode  of  germination  similar  to  what  occurs  in 
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H.  coronarium,  the  radicle  emerging  at  one  side  of  the  fruit  and  the 
cotyledons  at  the  other  ;  cotyledons  at  this  stage  oblong,  obtuse, 
entire.    One  day  after  germination. 

Fig.  5  shows  the  ragged  margin  of  the  fissure  made  by  the  radicle 
through  the  walls  of  the  fruit  during  germination. 

Hedysarum  coronarium,  L.  (fig.  280). 

Legxme  linear  or  oblong-hnear,  much  compressed  laterally, 
constricted  between  each  seed,  and  consequently  moniliform,  covered 
all  over  with  short,  stout,  straight  or  hooked  bristles,  and  having 
the  edges  of  both  ventral  and  dorsal  sutures  produced  into  revolute 
or  hooked  teeth,  many-celled  by  the  constrictions  between  each  seed, 
and  falling  into  separate,  indehiscent  pieces  each  containing  a  seed. 

A 


Cav,  cavity  of  the  legume,  and  the  only  part  where  t"emal  caj^y  is 
neariy  but  not  quite  continuous;  Pc,  V<^p<^<^^V'  OT,^e,U '^^^^^^ 
n  radicle-  F  funicle.    B,  transverse  section  of  seed.  K ventral  suture , 
S'S  Sai^Ature;  PC,  pericarp;  OT,  testa;  IT,  tegmen;  C,  cotyledon; 
V,  empty  space. 

Seed  reniform,  somewhat  laterally  compressed  in  conformity 
with  the  interior  of  the  segment  of  the  fruit,  thicker  m  the  middle 
than  at  the  sides  and  in  transverse  section  accordmgly  elhptic, 
glabrous,  obtuse  at  either  end,  pale  yellow;  testa  pale  brownish- 
yellow,  rather  thin,  closely  apphed  to  the  tegmen  and  embryo  ;  teg^ 
men  thin,  membranous,  paler;  hilum  small,  annular,  situa  ed  m  a 
small  sinus  formed  by  the  curvature  of  the  owle  about  he  m^^^^^^^ 
of  the  ventral  edge  of  the  seed;  micropyle  and  chalaza  c^^i^ig  ou 
to,  and  on  each  side  of,  the  hilum,  with  the  former  on  the  upper 
side,  that  is  towards  the  apex  of  the  ovary. 

Endosperm  absent. 
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Embryo  transverse  to  the  placenta,  large  and  completely  filling 
the  seed,  curved,  pale  yellow  ;  cotyledons  more  or  less  distinctly 
obovate  in  outline,  sessile, 
plano-convex,    rounded  at 
the  apex,  somewhat  tapered 
towards  the  base,  lying  in 
the  broader  plane  of  the 
seed,  with  their  edges  to  the 
placenta ;  radicle  about  half 
as  long  as  the  cotyledons, 
oblong,  obtusely  pointed  at 
the  upper  end  of  the  seed 
and  consequently  superior, 
but  again  curved  downwards 
to  the  micropyle  close  to  the 

Pericarp  and  testcu 

Seedling  (fig.  281). 

Primary  rootlong,  fleshy, 
tapering  slightly  downwards, 
colourless,  with  a  few  lateral 
rootlets  at  irregular  intervals. 

Hypocotyl  very  short  or 
soon  indistinguishable  from 
the  root,  emerging  between 
the  valves  of  the  fruit,  which 
remain  attached  to  it  long 
after  germination. 

Cotyledons  oblique, 
broadly  rotund-obovate,  en- 
tire, fleshy,  convex  above, 
subrevolute  at  the  margins, 
sessile,  perfoliate  at  the  base, 
forming  a  short  turbinate 
tube,  alternately  penninerved 
with  few  incurved  nerves,  car- 
tilaginous and  subscabrousat 
the  margin,  1-1-2  cm.  long, 
1-1-2  or  1-3  cm.  broad. 

Stem  herbaceous,  elongated  when  about  to  flower,  arising  from 
a  perennial  rootstock.  ^ 

nptJ^i'r'n  «°"^PO"nd,  radical  and  cauline,  alternate,  stipulate 
petiolate  (leaflets  petiolulate,  exstipellate),  alternately  aid  incurvi- 


Fig.  281. — Hedysarum  coronarium. 
Nat.  size. 
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penninerved,  with  the  tips  recurved  and  uniting,  each  with  the  one 
above  it,  glabrous  and  deep  glaucous-green  above,  cartilaginous  and 
cihate  at  the  margin,  hairy  beneath  with  adpressed  hairs  and  paler  ; 
petioles  channelled  above,  dilated  at  the  base,  hairy  with  adpressed 
hairs,  semiterete  in  the  seedling,  angled  and  striate  in  the  adult 
leaf;  stipules  scarious,  adnate  by  one  edge  to  the  petiole,  free  only 
at  the  apex  in  the  seedling  stage,  but  having  a  subulate-ovate,  acumi- 
nate free  part  in  the  adult  plant,  and  one-  to  three-nerved  or  more. 

No.  1.  Orbicular,  slightly  cordate  at  the  base,  otherwise  entire. 

No.  2.  Eotund-oblong,  emarginate,  cordate  at  the  base. 

No.  3.  Broadly  oval-oblong,  cordate  at  the  base,  emarginate  at 
the  apex. 

No.  4.  Pinnately  three-  to  five-  foliolate  ;  leaflets  broadly  oval  or 
oblong-oval,  slightly  emarginate  at  the  apex,  terminal  one  the  largest. 

Eadical  leaves  on  the  adult  plant  simple  and  cordate- orbicular, 
or  much  more  frequently  imparipinnate,  with  cordate,  minutely  cus- 
pidate, entire,  alternate  or  opposite  pinnules  ;  terminal  one  largest. 

Hedysarum  capitatum,  Desf. 

Hypocokjl  erect  or  decumbent,  terete,  glabrous,  pale  green 
mottled  with  crimson,  8  mm.  to  2  cm.  above  ground  and  projecting 
between  the  valves  of  the  prickly  seed-pod,  which  is  often  borne  up 

by  it.  .  XI  1 

Cotyledons  large,  foliaceous,  glabrous,  subconaceous  or  fleshy, 
rising  above  ground,  petiolate  ;  lamina  obhquely  obovate,  obtuse, 
obscurely  trinerved  or  binerved,  entire,  1-4  cm.  long,  1  cm.  broad  ; 
petioles  connate  by  their  contiguous  edges  and  lymg  to  one  side  of 
the  stem,  broad,  2-4  mm.  long. 

Stem  herbaceous,  short,  decumbent  or  suberect,  pubescent,  terete, 
slightly  ridged,  pale  green,  mottled  with  crimson  ;  internodes  u-regu- 
lar  and  frequently  undeveloped. 

Leaves  compound,  imparipinnate,  cauline  (at  first  appearnig 
radical  from  the  non-development  of  the  internodes),  alternate, 
stipulate,  petiolate,  glabrous  above  but  pubescent  or  almost  silky  on 
the  underside,  and  also  on  the  rachis  and  petioles  ;  petioles  subterete, 
channelled  above,  dilated  at  the  base  ;  stipules  adnate  to  the  petiole 
for  one-half  their  length,  with  ovate -subulate,  acummate  points, 
crimson  ;  leaflets  shortly  petiolulate.  _ 

No  1  Five-foliolate ;  leaflets  oblong,  obtuse,  apiculate,  opposite. 

No'.  2.  Seven-foliolate ;  leaflets  opposite,  oblong-oval,  obtuse, 

apiculate.  ^^^^^^.^^^^^  .  leaflets  alternate ;  lower  obovate,  small; 
upper  larger,  oblong,  obtuse,  apiculate. 
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No.  4.  Thirteen-foliolate ;  leaflets  opposite,  oval,  obtuse,  apicu- 
late. 

No.  5.  Fifteen-foliolate,  otherwise  like  the  last. 


Pig.  282. — ^schynomene  aspera,  x  2. 


-ffischynomene  aspera,  L.  (fig.  282). 

Sypocotyl  erect,  terete,  glabrous,  1-5-2  cm.  long  light  ctppti 
or  colourless.  ^ 

Cotyledons  oblong,  falcate,  obtuse,  fleshy,  sessile,  glabrous  lif^ht 
green,  one-nerved.  ' 


F  F  2 
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Stem  erect,  terete,  herbaceous,  ultimately  woody,  light  green, 
glabrous. 

First  leaves  compound,  abruptly  pinnate,  petiolate,  alternate, 
stipulate;  leaflets  entire,  oblong,  obtuse,  shortly  petiolulate,  opposite, 
from  seven  to  nine  in  number  ;  stipules  ovate-subulate,  acute,  rather 
broad  at  the  base  and  tapering  to  a  sharp  point. 

Desmodium  canadense,  DC. 

Germination. — The  radicle  emerges  at  the  dorsal  suture  of  the 
fruit,  or  breaks  through  the  side  walls.  It  fixes  itself  in  the 
ground,  and  the  lengthening  hypocotyl  generally  carries  the 
lomentum  and  seed  up  with  it.  All  the  coverings,  however, 
finally  drop  off,  leaving  the  seedling  free.  Where  the  radicle 
pierces  the  sides  of  the  lomentum  the  latter  is  fixed  to  the  soil. 
The  cotyledons  on  becoming  free  are  ovate-oblong,  obtuse, 
subfalcate,  or  rounded  on  the  upper  edge  and  with  a  shallow 
sinus  on  the  lower  edge,  subfleshy,  pale  yeUowish-green,  shining, 
glabrous. 

Lourea  Vespertilionis,  Desv.  (fig.  283). 
Hypocotyl  terete,  pubescent,  pale  green,  2-4  mm.  above  soil. 
Cotyledons  shortly  oblong,  falcate,  or  subreniform,  pubescent 

on  both  sides,  pale  green,  shortly 
petiolate,  6  mm.  long  including 
the  petiole,  3-5  mm.  broad. 

Stem  erect,  terete,  herbaceous, 
pubescent,  pale  green;  1st  inter- 
node  2-5  mm.  long  ;  2nd  1-5  mm. ; 
3rd  4  mm. ;  4th  9  mm. 

Leaves  compound  (first  ones 
unifoholate,  ultimately  trifolio- 
late),  cauline,  alternate,  stipulate, 
petiolate,  pubescent  on  both  sur- 
faces and  ciliate ;  petioles  slender 

Fig.  283.— iowreti  Vespertilionis.      g^j^terete    or    filiform,  shallowly 

channelled  on  the  upper  side, 
pubescent,  pale  green  ;  stipules  subulate,  acute,  hairy ;  secondary 
stipules  small,  subulate,  acute,  pubescent. 

Nos.  1-5.  Unifoholate;  1st  leaflet  transversely  oval,  penm- 

nerved,  4  mm.  long,  1  cm.  broad.  .    ,     i  ,..f,Vnlflte 

No.  2.  Transversely  oblong,  penmnerved  and  closely  reticulate 

with  reddish  veins.  „„„„„;i;,i0 
Nos.  3  and  4.  Similar  but  larger,  pendent  from  an  ascending 
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petiole,  with  a  rather  stout  pulvinus  ;  leaflet  of  No.  4,  9-5  mm.  long, 
2'65  cm.  broad. 

Ultimate  leaves  uni-  or  tri-foliolate ;  terminal  leaflet  very  broad 
and  short,  apiculate,  falcate,  trinerved  and  reticulate,  bronze-green 
suffused  with  red  and  white  along  the  principal  nerves,  thinly 
pubescent  on  both  surfaces  and  covered  with  minute  hooked  hairs  ; 
lateral  leaflets  small,  most  frequently  absent,  their  stipules  being 
present  or  absent. 

lespedeza  angustifolia,  Ell. 
Hypocotyl  terete,  pubescent,  very  short. 

CohjUdons  oblong,  obtuse,  fleshy,  subfalcate,  turned  to  one  side, 
faintly  trinerved,  densely  pubescent,  sessile,  6  mm.  long,  4-25  mm. 
road. 

Stevi  herbaceous,  ultimately  shrubby,  erect,  terete,  pale  green, 
ultimately  reddish  or  brown,  densely  covered  with  patent  hairs  ;  1st 
internode  4-5  mm.  long ;  2nd  7  mm. ;  3rd  1-5  cm. ;  4th  2-9  cm.  ; 
5th  1-8  cm. 

Leaves  compound,  pinnately  trifoliolate  (1st  unifoliolate),  cauline, 
alternate,  stipulate,  petiolate,  glabrous  above,  ciHate,  thinly  pubes- 
cent beneath  ;  petioles  slender,  subterete,  channelled  above,  hairy 
hke  the  stem  ;  stipules  free,  slender,  subulate,  acute,  hairy,  scarious, 
brownish  ;  leaflets  petiolulate,  having  a  pulvinus  and  folding  down- 
wards at  night. 

No.  1.  Unifoholate  ;  leaflet  rotund,  emarginate,  shortly  petiolu- 
late, minutely  apiculate,  deep  green. 

No.  2.  Pinnately  trifoholate  ;  terminal  leaflet  rotund-obovate, 
emarginate;  lateral  leaflets  oblong-obovate,  emarginate,  much 
smaller  than  the  terminal  one — all  deep  green. 

No.  3.  Pinnately  trifoholate,  deep  green  ;  leaflets  obovate,  apicu- 
late, more  nearly  equal  than  those  of  No.  2 ;  rachis  between  the 
leaflets  1-5  mm.  long  ;  nerves  of  leaflets  ascending,  parallel,  slightly 
forking  and  anastomosing  upwards  ;  pulvini  prominent. 

No.  4.  Pmnately  trifoliolate,  pale  green  (because  very  young)  ; 
termmal  leaflet  obovate,  apiculate ;  lateral  leaflets  oblong-obovate! 
apiculate ;  pulvini  prominent, 

TbIBE  ViOIEiE. 

lathyrus  Nissolia,  L.  (fig.  284). 

Primary  root  long,  tapering,  fleshy,  colourless,  with  short,  stout 
fleshy  lateral  rootlets,  and  occasionally  fleshy  tubercles. 
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Hyioocotyl  subterranean,  fleshy,  colourless,  very  sliort  (about 
1*75  mm.  long). 

Cotyledons  subterranean,  planotconvex,  fleshy,  each  occupying 
half  the  interior  of  the  seed,  unequal-sided,  so  that  the  petioles  or 
point  of  attachment  to  the  plumule  are  at  one  side,  horizontal,  rotund, 
about  2  mm.  in  diameter,  yellow  and  wrinkled  after  germination ; 

petioles  unequal  or  the 
lower  one  undeveloped, 
while  the  upper  one  is 
developed  and  curved  just 
as  much  as  will  allow  the 
cotyledons  to  he  hori- 
zontally. The  cotyledons 
do  sometimes  stand  ver- 
tically on  then*  edges  and 
then  both  petioles  are 
equally  developed. 

Stem  erect,  but  always 
hooked,  curved  or  twisted 
at  the  tip,  together  with 
the  youngest  visible  leaf, 
by  which  it  hangs  on  to 
an  object  for  support, 
with  the  internodes  al- 
ternately flattened  and 
angled  on  opposite  sides, 
the  angle  running  down 
the  centre  of  the  flattened 
face  of  the  internode 
beneath  it,  pale  green, 
glabrous;  1st  internode 
4-5  mm.  long;  2nd  7-5 
mm. ;  8rd  1-9  cm. ;  4tli 
1-5  cm. ;  5th  1-35  cm. 

Leaves  simple,  entire, 
canline,  alternate,  dis- 
tichous, stipulate,  sessile 
and  slightly  decurrent,  thinly  and  minutely  ciliate  at  the  margin, 
otherwise  glabrous,  light  green;  stipules  smaU,  subulate,  acute 
inserted  where  the  leaf  is  free  fi'om  the  stem,  except  m  the  cas  of 
the  first  two  scale-like  leaves,  where  they  are  seated  above  the  base, 
or  may  be  altogether  inconspicuous  in  the  first. 

Nos.  1  and  2.  Small,  subulate,  acute,  scale-like  and  adpressed  to 
the  stem,  carinate. 


Fig.  iU—Lathyrus  Nissoliaji  Nat.  size. 
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Nos.  3-6.  Linear  acute  or  acuminate,  five-nerved,  convolute  at 
first  and  rolled  round  the  growing  point,  gradually  becoming  nearly 
or  quite  flat. 

Lathyrus  articulatus,  L. 

Primary  root  very  similar  to  that  of  L.  Nissolia. 
Hypocotyl  undeveloped  or  scarcely  elongated. 
Cotyledons  rotund-obovate,  very  similar  to  those  of  L.  Nis- 
solia. 

Stem  herbaceous,  annual,  erect,  ultimately  climbing  by  means 
of  its  leaves,  tetragonous  at  the  base  and  narrowly  winged  upwards 
as  in  L.  Nissoha,  glabrous,  pale  glaucous-green  ;  1st  internode  9*5 
mm.  long ;  2nd  1-35  cm.  ;  3rd  2-9  cm. ;  4th  3-12  cm. ;  5th  4-6  cm. ; 
the  rest  gradually  longer. 

Leaves  very  hke  those  of  L.  NissoKa,  glaucous.  Linear,  acute,  or 
afterwards  acuminate  and  finally  cirrhous  at  the  apex,  seven-nerved 
longitudinally  (three  strong  and  four  intermediate  nerves),  slightly 
scabrous  at  the  margin  ;  stipules  adnate  to  the  sides  of  the  leaves  for 
some  little  distance  above  their  insertion,  with  slender,  subulate,  free 
points,  becoming  triangular  on  the  leaves  a  short  way  up  the  stem, 
and  finally  wholly  adnate,  obsolete,  or  inconspicuous. 

No.  1.  Subulate,  acute,  carinate,  concave  above,  inconspicuously 
five-nerved. 

No.  2.  Ditto,  but  a  little  larger. 

No.  3.  Linear,  acute,  five-nerved. 

No.  4.  Linear,  acuminate,  trinerved  with  four  intermediate, 
inconspicuous  ones. 

No.  5.  Linear,  produced  at  the  apes  into  a  short,  simple  cirrhus. 
Sometimes  the  6th  is  the  first  to  attain  this  stage,  which  represents 
apparently  the  ultimate  form  of  the  leaf. 

Lathyrus  Aphaca,  L.  (fig.  286). 

Primary  root  long,  tapering,  fleshy,  with  numerous  fleshy  or 
succulent  tubercles,  and  long  lateral  rootlets. 
Hypocotyl  undeveloped. 

Cotyledons  subterranean,  fleshy,  persistent,  plano-convex  or 
almost  hemispherical,  very  unequal- sided  by  the  petioles  being 
attached  to  one  corner,  mostly  vertical  during  and  after  germination, 
rarely  horizontal,  yellowish- white,  afterwards  more  yellow  and 
wrinkled ;  lamina  truncate,  4  mm.  long,  4*5  mm.  wide  ;  petioles 
very  short,  developed  equally  when  the  cotyledons  are  vertical,  but 
when  these  are  horizontal  one  petiole  becomes  longer  than  the  other 
to  allow  the  upper  cotyledon  to  assume  this  position.    There  are 
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intermediate  positions  where  the  cotyledons  are  oblique,  and  one 
petiole  becomes  somewhat  elongated  accordingly. 

Stcvi  annual,  erect,  tetragonous,  with  obtuse  angles,  glabrous, 
a  pale  glaucous-green  above  ground,  while  the  subterranean  part  is 
colourless  ;  1st  internode  subterranean  or  partly  so,  1-2  cm.  long  ; 
2nd  3"5-6  mm. ;  3rd  7-10  mm. ;  the  rest  similarly  short. 

Leaves  simple  and  compound,  or  reduced  to  scale-like  organs  or 
elongated,  forming  a  slender,  fiUform,  or  obtusely- angled  tendril, 
cauline,  alternate,  distichous,  stipulate,  petiolate  or  sessile,  or  reduced 
to  a  petiole,  glabrous,  glaucous-green  ;  petiole  of  third  and  fourth  leaf 
convex  on  the  back,  channelled  above,  and  projecting  beyond,  or 

rather  between,  the  leaflets  in  the 
form  of  a  small,  subulate,  acute  point ; 
stipules  of  the  first  and  second  leaf  sub- 
ulate, acute,  attached  by  one  side  for 
about  one-third  their  length  to  the 
leaf,  entire  or  furnished  with  an 
acute,  ascending  tooth  on  the  side 
away  from  the  leaf — those  of  the  thhd 
and  fourth  leaf  half-ovate  or  sagittate, 
acuminate,  with  one  to  two  acute  teeth 
at  the  lower  angle  on  the  posterior  side, 
entire  on  the  anterior  side — those  of 
the  rest  of  the  leaves  large,  fohaceous, 
performing  the  functions  of  leaves, 
deltoid,  subhastate,  cuspidate  or  apicu- 
late,  with  one  to  two  minute  teeth  at 
the  base  on  each  side,  otherwise  entire, 
glau«oua,  furnished  with  numerous 
parallel  nerves  that  are  directed  first 
outward  from  the  base,  and  upward, 
then  somewhat  inward,  where  they  unite  with  those  immediately 
above  them  close  to  the  margin,  while  the  few  lowest  are  directed 
into  basal  teeth  or  angles,  and  are  entire  or  forked  ;  a  branch  from 
the  lowest  curved  nerve  is  frequently  directed  straight  into  the  tooth. 

Nos.  1  and  2.  Subulate,  acute,  very  small,  and  appearing  trifid 
owing  to  the  adnate  and  similar  stipules. 

Nos.  3  and  4.  Compound,  pinnate,  with  one  pair  of  leaflets  and 
a  subulate  point ;  leaflets  oblong-elliptic,  acute,  trinerved  longi- 
tudinally with  smaller  intermediate  nerves,  concave  owing  to  the 
upcurved  sides,  entire,  glaucous. 

Immediately  above  this  the  leaves  are  reduced  to  small  subulate 
points  concealed  by  the  fohaceous  stipules. 


Fig.  285. — Lathyrus  Aphaca.  A, 
seedling;  B,  tendril  and  stipules 
from  ujiper  part  of  plant.  Both  half 
nat.  size. 
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When  the  stem  has  attained  some  length  the  leaves  on  the  upper 
part  are  developed  into  tendrils  (fig.  285,  B)  as  described  above,  and 
enable  the  plant  to  climb. 

Teibe  Phaseolb^. 
Clitoria  Ternatea,  L. 

Fndt  a  legume,  hnear,  compressed,  more  or  less  thickened  at 
the  sutures,  dehiscing  longitudinally  by  two  valves,  many-seeded. 

Seed  transversely  oblong,  rounded  at  either  end,  much  compressed 
laterally,  thicker  along  the  ventral  aspect,  smooth,  black,  somewhat 
shining,  minutely  reticulate  ;  hilum  a  little  below  the  middle  of  the 
seed  on  the  ventral  aspect,  forming  a  depression  and  partly  overlying 
a  thickened  part  of  the  testa  corresponding  to  the  chalaza  ;  micropyle 
contiguous  to  the  hilum  on  the  ventral  aspect,  inconspicuous  ;  raphe 
none. 

Seed  7*25  mm.  long,  4-75  mm.  wide. 
Endosperm  absent. 

Embryo  curved,  large,  and  occupying  the  whole  interior  of  the 
seed  to  which  it  conforms,  brownish-yellow  ;  cotyledons  accumbent 
with  their  edges  to  the  placenta,  oblong,  obtuse,  entire,  minutely 
and  rather  unequally  auricled  at  the  base,  rather  unequal-sided  owing 
to  the  radicle  and  the  thickening  of  the  chalaza  on  the  ventral  aspect, 
closely  applied  face  to  face,  thicker  along  the  ventral  than  the  dorsal 
aspect,  equal  in  length  to  the  interior  of  the  seed  ;  radicle  cylindrical, 
obtuse,  curved  round  the  ends  and  along  the  ventral  aspect,  partly 
beneath  the  edges  of  the  cotyledons  and  having  its  tip  slightly  em- 
bedded in  the  micropyle. 

In  specimens  examined  the  bases  of  the  cotyledons  were  obliquely 
cut  away  owing  to  the  curvature  of  the  seed  on  the  opposite  side  to 
that  followed  by  the  radicle,  so  that  the  auricles  on  that  side  were 
smaller  than  the  others. 

Seedling  (fig.  286). 

Hypocotyl  3  or  4  cm.  long,  1-5-2  mm.  thick,  terete,  shghtly 
pubescent,  greyish-green,  herbaceous. 

Cotyledons  nearly  equal,  shortly  petioled,  about  2  cm.  long,  1-25 
-1-5  cm.  broad,  1  mm.  thick,  oblong,  obhque  at  both  ends,  entire 
(one  half  of  blade  forming  a  sector  or  semicircle  with  the  midrib  as 
base,  the  other  a  very  long,  obtuse  rectangle),  obscurely  pennmerved, 
glabrous,  fleshy,  yellowish-green  on  the  upper,  whitish  on  the  lower 
surface. 

Stem  herbaceous,  nearly  terete,  pubescent,  light  green  ;  inter- 
nodes  1  or  2  cm.  long,  1-1-5  mm.  thick. 

Leaves.— }^Ofi.  1  and  2.  Opposite,  1-5  cm.  above  the  cotyledons 
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Fig.  286. — Clitoria  Ternatea. 
Half  nat.  size. 


and  decussating  with  them,  subsessile  or  shortly  petiolate,  stipulate, 
2-3  cm.  long,  about  1  cm.  broad,  lanceolate,  caneate  at  base,  ob- 
tuse at  the  apex,  entire,  penni- 
nerved  with  sunk  nerves,  thin, 
pubescent,  dark  green  above,  dull 
green  below ;  stipules  setaceous. 

No.  3.  Inserted  either  at  same 
level  with  Nos.  1  and  2  or  '5  cm.- 
above  those,  stipulate,  long-peti- 
oled ;  blade  sub-bilobed  or  more 
generally  simple,  2-3  cm.  long, 
about  2  cm.  broad,  palmatinerved, 
in  nearly  all  cases  showing  more 
or  less  complete  coahtion  of 
parenchyma  between  terminal 
and  lateral  leaflets,  otherwise  like 
Nos.  1  and  2  ;  petiole  1  or  2  cm. 
long,  1  mm.  thick,  with  a  2-3  mm. 
long,  thickened,  semitransparent 
articulation  at  either  end,  and  two 
setaceous  stipules  at  the  base, 
somewhat  channelled,  pubescent. 

No.  4.  As  No.  3,  only  two  or  three  times  larger  ;  or  as  No.  5  &e., 
which  are  trifoliolate. 

Sometimes  only  one  of  the  lateral  leaflets  is  free  and  the  other 
united  to  the  terminal  one. 

Erythrina  suberosa,  Eoxb.  (fig.  287). 

Hypocotyl  undeveloped,  or  subterranean,  and  very  short. 

Cotyledons  fleshy  and  remaining  in  the  oblong  testa  under  the 
soil  until  they  become  exhausted. 

Stem  erect,  stout,  tapering  upwards,  pubescent  with  spreading 
or  variously  directed  hairs,  pale  green,  more  or  less  warted  or 
tuberculated  from  an  early  stage,  with  the  brownish  tubercules 
very  small,  soon  becoming  woody ;  1st  internode  3-4-4-2  cm.  long; 
2nd  -8-1  cm. 

Leaves  simple  in  the  seedling  state,  cauHne,  alternate  (1st  and 
2nd  opposite),  stipulate,  petiolate,  palmately  five-  to  seven-nerved,  or 
only  the  three  primary  and  stronger  nerves  straight,  while  the  others 
arise  from  their  base,  are  more  slender,  and  curve  round  in  confor- 
mity with  the  broad,  rounded  auricles,  much  reticulate,  pubes- 
cent on  both  surfaces,  light  green  above,  with  somewhat  promment 
nerves,  paler  beneath  with  much  more  prominent  nerves  ;  petioles 
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terete,  slightly  thickened  at  the  apex  under  the  leaf  without  any 
pulvinus,  much  thickened  at  its  union  with  the  stem  ;  stipules 
slender,  Hnear-subulate,  acute,  pale  green,  hairy,  soon  becoming 
brown  and  falhng  away  early. 

Nos.  1  and  2.  Opposite,  trilobed,  with  deltoid,  acute,  or  subacute 
lobes,  cordate  at  the  base  ;  middle  lobe  much  the  largest. 

Nos.  3  and  4.  Alternate,  simple,  much  larger,  trilobate,  cordate 
at  the  base,  strongly  five-nerved  ;  middle  lobe  somewhat  constricted 
at  the  base  making  it  rotund,  cuspidately  acuminate,  sometimes 


Fig.  287. — Erythrina  suberosa.   One-fourth  nat.  size. 


showing  an  obtuse,  small,  or  obsolete  tooth  on  each  side  ;  lateral 
lobes  triangular,  cuspidately  acuminate,  with  sometimes  a  small 
lateral  tooth. 

Erythrina  Vespertilio,  Benth. 

Hypocotyl  and  cotyledons  as  in  E.  suberosa. 

Stem  soft  and  succulent,  rather  thin,  erect,  terete,  glabrous,  pale 
green  ;  1st  internode  10  cm.  long  ;  2nd  1-8  cm. ;  8rd  5  mm. ;  4th 
4  mm. 

Leaves  compound,  alternate  (first  four  simple,  two  opposite), 
glabrous,  or  pubescent  in  a  very  young  state,  pale  green. 

Nos.  1-4.  Broadly  deltoid,  cuspidate,  obtuse,  entire,  penninerved, 
glabrous  ;  stipules  ovate,  acute,  subserrulate ;  petioles  terete,  pale 
green,  striped  with  darker  green,  glabrous,  1-5-1-8  cm.  long; 


444 


ON  SEEDLINGS 


secondary  stipules  minute,  glandular  ;  pulvinus  cylindrical,  3  mm. 
long. 

No.  5.  Compound,  alternate,  pinnately  trifoliolate  ;  lateral  leaf- 
lets rhomboid,  acute,  petiolulate  ;  terminal  leaflet  larger  and  more 
acuminate  ;  petiolules  about  1-5  mm,  long ;  rachis  between  the  leaf- 
lets 7  mm.  long. 

Erythrina  monosperma,  Lam. 

Hypocotyl  erect,  terete,  stout,  woody,  pale  green,  7*8  cm.  long, 
and  1  cm.  thick. 

Cotyledons  oblong,  obtuse,  thick,  fleshy,  flat  or  shghtly  concave 
above,  convex  beneath,  pale  yellow,  2  cm.  long,  1  cm.  broad. 

Stem  woody,  erect,  thick,  tapering  upwards,  pubescent  when 
young,  pale  green  ;  1st  internode  6'5  cm.  long  ;  2nd  2'5  cm.  with 
a  few  small  spuies,  as  have  also  those  above  it ;  3rd  1"35  cm.  long ; 
4th  8  mm. 

Leaves  cauline,  compound,  alternate  (first  two  simple  and 
opposite)  ;  petiole  terete,  much  thickened  at  the  point  of  insertion, 
pubescent  with  brownish,  stellately  branching  hairs ;  stipules  slender, 
subulate,  acute,  pubescent. 

Nos.  1  and  2.  Simple,  opposite,  entire,  rotund-cordate,  obtuse  or 
emarginate  with  a  minute  tooth  in  the  notch,  penninerved  and 
reticulate,  glabrous  above,  pubescent  on  the  nerves  beneath  (at  least 
when  young),  deep  green  above,  paler  beneath. 

No.  3  and  succeeding.  Pinnately  trifoliolate  ;  lateral  leaflets 
triangularly  ovate,  obtuse,  frequently  subcordate  at  the  base,  penni- 
nerved and  reticulate,  glabrous  above,  stellately  pubescent  on  the 
nerves  beneath,  petiolulate  ;  petiolule  stout,  cylindrical,  covered  with 
a  stellately  branched  pubescence,  5  mm.  long  ;  terminal  leaflet  reni- 
form  obtuse,  often  subcuspidate,  entire,  truncate  at  the  base,  other- 
wise like  the  lateral  ones  ;  rachis  between  the  leaflets  1'9  cm.  long  ; 
petiole  as  in  Nos.  1  and  2. 

Pueraria  Thunbergiana,  Benth.  (fig.  288). 
Hypocotyl  ascending  or  suberect,  terete,  pubescent,  pale  green, 
1-2  cm.  long. 

Cotyledons  thick  and  rather  succulent,  oblong,  obtuse,  shortly 
petiolate,  glabrous,  pale  green,  1-5  cm.  long  including  petiole,  8  mm. 
broad. 

Stem  succulent  and  tender,  terete,  zigzag  or  flexuous,  hirsute, 
pale  green  ;  1st  internode  2  mm.  long  ;  2nd  4  mm. ;  8rd  4  mm. 

Leaves  cauline,  compound,  alternate  (first  pair  simple  and 
opposite),  stipulate,  petiolate. 
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Nos.  1  and  2.  Subrhomboid-rotuncl,  obtuse,  apiculate,  penni- 
nerved,  pubescent  on  both  surfaces  ;  petiole  subterete,  channelled 
above,  hirsute,  articulate  at  the  base  and  apex,  1-8  cm.  long; 
stipules  slender,  subulate,  acute,  hirsute. 

No.  3.  Pinnately  trifoliolate  ;  lateral  leaflets  obliquely  subelliptic, 
acute,  irregularly  penninerved,  pubescent  on  both  surfaces,  entire  ; 
terminal  leaflet  rotund-elliptic  acute,  subtrinerved  at  the  base,  and 
penninerved  upwards,  pubescent  on  both  surfaces,  entire,  petiolulate 
as  are  the  lateral  leaflets  ;  petiolules  about  1  mm.  long ;  rachis 


Fig.  288. — Pueraria  Thunhergiana.    Nat.  size. 

between  the  leaflets  8-5  mm.  long ;  petiole  subterete,  channelled 
above,  hirsute,  much  thickened  at  the  base,  3-7  cm.  long. 

_  No.  4.  Similar  to  No.  3  but  larger ;  leaflets  stipellate,  stipellfe 
fihform,  slender,  hirsute,  deciduous;  lateral  leaflets  very  obhque 
with  a  strong  nerve  running  into  the  oblique  side. 

Ultimate  leaves  large,  pinnately  ternate  ;  terminal  leaflet  ellip- 
tic, cuspidate,  acute,  rounded  at  the  base ;  lateral  leaflets  very  ob- 
lique on  the  posterior  side  where  a  large  nerve  enters  from  the  base 
of  the  leaflet. 
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Phaseolus  multiflorus,  Willd.  (fig.  289). 

Fruit  a  legume,  linear,  laterally  compressed,  many-seeded,  de- 
hiscing along  both  sutures. 

Seed  transversely  oblong,  with  unequal  ends  (the  larger  con- 
taining the  apical  ends  of  the  cotyledons),  much  compressed  laterally 

but  convex  on  both  surfaces, 
smooth,    shining,    with  black 
markings  on  a  pink  ground 
especially  conspicuous  towards 
the  hilum,  with  two  minute  aril- 
loid  processes  near  the  hilum  on 
the  ventral  edge  ;  hilum  oblong- 
linear,  pale-coloured,  near  the 
middle  of   the  ventral  edge ; 
micropyle    rather  conspicuous, 
near  one  end  of  the  hilum. 
Endosperm  absent. 
Embryo  very  large,  curved, 
conforming  in  outline  to  that  of 
the  seed,  pale   creamy  white; 
cotyledons  large,  fleshy,  obovate 
and  plano-convex,  or  subconcave  on  the  inner  contiguous  faces 
when  dry,  forming  a  hollow  between  them  ;  radicle  stout,  tapering 
to  an  obtuse  pomt,  and  curved  round  towards  the  micropyle, 
protruded  from  and  accumbent  to  the  cotyledons ;  plumule  large 
and  well  developed,  lying  between  the  cotyledons. 


A  B 


Pig.  289. — Phaseolus  multiflorus.  A, 
longitudinal  section  of  seed  through 
the  cotyledons :  r,  radicle ;  c,  coty- 
ledon ;  t,  testa.  B,  longitudinal  section 
of  seed  in  plane  of  cotyledons,  with- 
out removing  a  cotyledon  ;  a  a,  auricles 
of  cotyledons ;  r,  radicle ;  ar,  minute 
arilloid.  Three-quarters  nat.  size. 


Phaseolus  vulgaris,  L.,  var.  (fig.  290). 

Primary  root  tapering,  flexuose,  abundantly  furnished  with 
lateral  rootlets,  rather  fleshy,  colourless,  annual. 

Eypocotyl  stout,  fleshy,  terete,  pubescent,  rooting  at  the  base 
and  suddenly  narrowed  into  the  root,  7  cm.  long,  4-5  mm.  thick. 

Cotyledons  carried  above  ground  by  the  hypocotyl,  fleshy,  oblong, 
obtuse,  falcate,  turned  to  one  side  of  the  stem,  longitudinally 
wrinkled,  pale  green,  thick,  never  foliaceous. 

Stem  herbaceous,  erect,  subterete  or  shghtly  ridged  by  Imes  de- 
current  from  the  base  of  the  petioles,  pubescent ;  1st  mternode 

2-4  cm.  long.  ^        .  a 

Leaves  compound,  pinnately  trifoliolate  (first  pan-  opposite  aud 
unifoliolate),  cauline,  alternate,  stipulate,  petiolate,  pubescent, 
petioles  subterete,  pubescent,  channelled  on  the  upper  side,  pale 
green  •  stipules  lanceolate,  acute,  entire  (those  of  the  primary  and 
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opposite  leaves  interpetiolar  and  connate  into  a  subulate  acute, 
entire  or  bifid  piece). 

Nos.  1  and  2.  Opposite,  unifoliolate ;  leaflets  subtriangular, 
obtuse,  strongly  five-nerved  and  reticulate,  with  a  large  wide  open 
sinus  at  the  base  ;  nerves  ascending  and  incurved,  the  basal  ones 
branching  into  the  auricles. 

No.  2.  Alternate,  pinnately  trifoliolate  ;  leaflets  stipellate. 


Fig.  290. — Phaseolus  vulgaris,  var.    Half  nat.  size. 


Vigna  lutea,  A.  Gray. 
EypoGohjl  none. 
Cotyledons  subterranean. 

Stem  erect,  terete  below,  then  angled  from  the  leaf-base  down- 
ward with  three  decurrent  nerves,  pale  green,  frequently  sufi"used 
■with  purple  ;  1st  internode  5*5  cm.  long  ;  2nd  4  mm. 

Leaves  cauline,  compound,  alternate  (Nos.  1  and  2  simple  and 
opposite),  stipulate,  petiolate,  glabrous  or  with  a  few  scattered  ad- 
pressed  hairs  underneath  when  young,  pale  green  and  shining. 

Nos.  1  and  2.  Ovate,  acute,  entire,  subcordate  and  trinerved 
at  the  base,  reticulate;  petiole  flattened  and  pubescent  above, 
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4  mm.  long  ;  stipules  of  first  pair  interpetiolar  and  connate,  ovate, 
acute,  entire  or  emarginate. 

No.  3.  Pinnately  trifoliolate  ;  leaflets  ovate,  acute,  or  apiculate, 
petiolulate,  stipellate  ;  petiolules  2  mm.  long  ;  stipellae  small,  ovate, 
acute ;  stipules  triangularly  ovate,  acute,  subauricled  at  the  base ; 
petiole  angled,  channelled  above,  2  cm.  long. 

Ultimate  leaves  pinnately  trifoliolate,  leaflets  oblong-ovate  or 
oval,  obtuse,  apiculate,  entire,  terminal  one  generally  somewhat  the 
largest, 

Vigna  vexillata,  Benth. 

Hypocotyl  and  cotyledons  as  in  V.  lutea. 

Stem  herbaceous,  terete  and  striate  or  shallowly  furrowed,  pube- 
scent, erect  at  first,  climbing  above  the  third  internode  ;  1st  inter- 
node  6  cm.  long  ;  2nd  1*9  cm. ;  3rd  2*7  cm.  ;  4th  and  others  climb- 
ing or  rather  twining  from  right  to  left. 

Leaves  cajvline,  compound,  alternate  (first  two  simple,  opposite) ; 
petiole  subterete,  channelled  above,  pubescent ;  stipules  short,  ovate, 
acute,  subauricled  at  the  base,  pubescent. 

Nos.  1  and  2.  Lanceolate,  acute,  entire,  penninerved,  pubescent 
on  both  surfaces,  caducous ;  petiole  about  2  mm.  long ;  stipules 
interpetiolar,  subulate,  connate  into  one. 

No.  3  and  succeeding  leaves.  Pinnately  trifoholate ;  leaflets 
about  equal,  lanceolate,  acute,  penninerved,  pubescent  on  both 
surfaces;  petiole  subterete,  channelled  above,  pubescent;  rachis 
between  leaflets  3'5  mm.  long  ;  secondary  stipules  minute,  subulate, 
acute. 

Pachyrhizus  angulatus,  Bich. 

Primary  root  tuberous  ;  lower  part  tapering  and  giving  off  lateral 
rootlets. 

Hypocotyl  undeveloped,  or  subterranean. 
Cotyledons  reniform,  subterranean,  conforming  to  the  shape  of 
the  seed. 

Stem  annual,  twining  against  the  sun,  terete,  striate,  covered  with 
an  adpressed  pubescence,  green  ;  1st  internode  about  8-5  cm.  long ; 
2nd  when  developed,  1-9  mm. ;  8rd  1-5-3-5  mm.,  commencmg  to 
twine  and  lengthening. 

Leaves  cauline,  compound,  alternate  (first  and  second  frequently 
opposite,  always  simple),  stipulate,  petiolate. 

Nos.  1  and  2.  Simple,  opposite  or  alternate  ;  petiole  subterete, 
channelled  on  the  upper  side,  pubescent;  stipules  and  stipell® 
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subulate,  slender;  lamina  triangular,  cuspidate,  truncate  at  the 
base,  five-nerved,  sparsely  pubescent  on  both  sides ;  nerves  in- 
curved. 

No.  3.  Pinnately  trifoliolate,  silky  when  young ;  lateral  leaflets 
ovate,  acuminate,  entire  ;  terminal  leaflet  triangularly  ovate,  entire 
or  with  one  or  two  teeth. 

Ultimate  leaves  piimately  trifoliolate ;  lateral  leaflets  very 
obliquely  triangular  acuminate,  entire,  angled,  or  toothed  on  the 
posterior,  obhque  side  ;  terminal  one  very  broadly  deltoid,  suddenly 
acuminate,  entire,  or  angled  at  the  sides,  or  trifid  and  toothed. 

Atylosia  CandoUei,  W.  etArn.  (fig.  291). 

Primary  root  vertical,  firm,  long,  with 
a  few  lateral  fibres. 

Hypocotyl  undeveloped. 

Cotyledons  subterranean,  minute,  4 
mm.  long,  2  mm.  broad,  sessile,  oblong, 
obtuse. 

Stem  terete,  pubescent,  grey  near  the 
base,  green  higher  up. 

Leaves  digitately  or  pinnately  trifoho- 
late,  cauhne,  alternate  (first  two  opposite), 
stipulate,  petiolate,  alternately  incurvi- 
nerved,  reticulate,  pubescent  or  hairy  all 
over,  but  especially  when  young,  bright 
green  above,  paler  beneath,  membranous, 
dotted  beneath  with  resin  glands  ;  stipules 
thin,  subulate,  acute. 

Nos.  1  and  2.  Opposite,  equal,  simple, 
entire,  subsessile,  2-3  cm.  long,  about  1-5 
cm.  broad,  ovate  or  ovate-lanceolate,  sub- 
cordate  at  base,  more  or  less  obtuse  at 
apex,  pubescent  all  over,  thin,  bright  green. 

sessile''  ^""^y '  leaflets  eUiptic,  obtuse, 

Flemingia  Grahamiana,  W.  et  Am. 

Bypocotyl  none  or  subterranean. 
Cotyledons  subterranean. 

Stem  wiry,  erect,  terete,  pubescent,  and  closely  dotted  with  red 
sessile  glands,  as  are  the  leaves  on  both  sides  and  the  petioT  s  w 
.nte^node  3  cm.  long ;  2nd  6  mm. ;  3rd  1  mm. ;  4th  '4  mm  It 


Pig.  291. 
Atylosia  CandoUei. 
Three-fifths  nat.  size. 
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Leaves  cauline,  compound,  alternate  (first  two  simple  and  oppo- 
site),  stipulate,  petiolate. 

Nos.  1  and  2.  Simple,  opposite,  rotund-ovate,  obtuse  or  apiculate, 
ciliate,  covered  on  both  sides  with  small  sessile  red  glands,  opaque, 
subtrinerved  ;  petiole  2  mm.  long  ;  stipules  free,  interpetiolar,  hnear- 
subulate,  acute,  slender. 

No.  3.  Digitately  triMiolate  ;  lateral  leaflets  obhque,  oval,  obtuse, 
mucronate,  pennmerved  with  a  strong  nerve  on  the  obhque  side ; 
terminal  leaflet  elhptic,  obtuse,  mucronate,  trinerved,  nerves  ascend- 
ing or  slightly  incurved  ;  petiole  deeply  channelled  above,  dilated  into 
a  fleshy  foot  at  the  base,  variable  in  length,  averaging  about  1-8  cm, 
long ;  petiolules  about  1  mm.  long  ;  stipules  opposite  the  leaf  and 
more' or  less  connate  for  two-thirds  or  three-fourths  of  their  length, 
adpressed  to  the  stem  with  ovate  acute  free  teeth. 
Nos.  4-6.  Similar,  but  larger. 

Ultimate  leaves  digitately  or  subpinnately  trifoliolate ;  lateral 
leaflets  obhquely  ovate,  apiculate  ;  termmal  one  elhptic,  obtuse  at 
both  ends,  apiculate,  trinerved. 

Galactia  glabella,  Michx. 
Cotyledons  just  emerging  from  the  soil,  shortly  oblong,  fleshy, 
convex  on  the  back,  flat  on  the  face. 

X.eaves.—'^OB.  1  and  2.  Simple,  cordate,  cuspidate,  entu-e,  deep 

sreen,  opposite.  .  „  l  -^y 

No  8  Alternate,  pinnately  trifoholate  ;  termmal  leaflet  oblong, 
obtuse,  emarginate;  lateral  leaflets  oblong  or  ovate,  obtuse,  emar- 
ginate. 

Tbibe  Dalbebgie^. 
Dalbergia  hupeana,  Auct. 

Eypocotyl  3  cm.  long,  erect,  terete,  glabrous,  hght  green. 

Cotyledons  thick,  fleshy,  obtusely  and  obhquely  ovate  wrmkled. 
dark  green,  glabrous,  very  shortly  petiolate  or  subsessile,  8  mm.  long, 
5  mm.  wide,  distinctly  one-nerved. 

Stem  herbaceous,  ultimately  becommg  /'.'^  ^' 

shghtly  hoary  ;  1st  internode  from  2-5-3-5  cm. ;  2nd  consideiably 

^'tr^ci^oT^ 

but  so  near  together  that  they  appear  opposite,  stipulate,  thougu 

sessile,  bright  green,  rather  reflexed,  shghtly  cuspidate  ,  midriD 
with  numerous  ascending  branched  veinlets. 
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Pterocarpus  Rohrii,  Vahl. 

Primary  root  stout,  long,  tapering,  unbranched  in  the  younger 
stages. 

Eypocotyl  erect,  terete,  glabrous,  5-7  cm.  long. 

Cotyledons  ovate-oblong,  obtuse,  unequal  at  the  base,  the  longer 
side  being  rounded,  and  the  other  hastate,  fleshy,  glabrous,  three- 
to  five-nerved,  but  the  venation  obscure  owing  to  their  opaque 
character,  ascending,  flat  at  first,  but  soon  becoming  revolute  at  the 


Fig.  292.—Lonchocarpus  latif alius.   Half  nat.  size. 

Sides  and  falling  early,  subsessile  with  a  petiole  or  narrowed  portion 
only  1  mm.  long. 

Stem  erect,  bluntly  subquadrangular  ha  the  young  state,  soon 
becommg  woody,  glabrous  ;  1st  internode  4-5  cm.  long 

Leaves  alternate,  imparipmnate  except  the  first  pair,  stipulate 
petiolate  glabrous ;  leaflets  alternate  or  irregularly  opposite,  exsti- 
peliate  thinly  coriaceous,  shinmg  above ;  petioles  slender,  semiterete 
narrowly  channelled  above,  slightly  thickened  at  the  base  and  pulvi- 
nate ;  stipules  subulate,  acummate,  slender,  acute. 

1st  pair  opposite,  each  leaf  consisting  of  one  cordate,  strongly 
acuminate  leaflet,  with  a  slender  point,  and  alternate,  long  incurv  d 
lateral  nerves  not  reaching  the  margin  ;  there  is  a  pulvif;s  at  Ihe 

a  e  2 
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base  of  the  petiole,  and  another  at  the  base  of  the  lamina  or  leaflet ; 
stipules  interpetiolar  and  connate. 

I  have  seen  but  few  examples  of  the  Dalbergieaj,  and  the  semi- 
hastate  cotyledons  of  this  species  are  unique  in  the  Order  as  far  as 
observed.  The  first  pair  of  leaves  being  opposite  and  consisting  of 
only  one  leaflet  point  to  an  affinity  with  the  Phaseolese,  the  tribe 
coming  immediately  before  the  Dalbergieae  in  the  arrangement  of 
the  '  Genera  Plantarum.' 

Lonchocarpus  latifolius,  H.  B.  et  K.  (fig.  292). 

Hypocotyl  erect,  terete,  glabrous,  deep  green,  3-4:-3-8  cm.  long. 
Cotyledons  falcate,  obtuse,  subsessUe,  both  directed  to  one  side 
cf  the  stem,  aerial  but  fleshy,  plano-convex,  enlarging  but  shghtly 
after  germination,  and  deciduous  at  an  early  date,  before  which  they 
become  bright  yellow,  1-5-1-8  cm.  long,  7-8-25  mm.  wide. 

Stem  erect,  terete,  deep  green,  densely  and  finely  pubescent, 

ultimately  woody  and  arborescent ;  1st 
internode  3*25  cm.  long ;  2nd  unde- 
veloped ;  3rd  1*15  cm. 

Leaves  simple  and  compound,  im- 
paripinnate,  cauline,  alternate,  stipulate, 
petiolate,  pubescent  at  the  margin  and 
on  the  nerves  above,  alternately  incurvi- 
nerved  and  reticulate,  dull  deep  green 
above,  paler  beneath;  stipules  small, 
subulate,  erect,  or  tooth-hke  and  shorter, 
pubescent ;  petioles  subterete,  shallowly 
channelled  above,  densely  pubescent, 
of  the  first  two  leaves  short,  of  the  rest 
much  longer. 

Nos.  1  and  2.  Opposite,  ovate,  cuspi- 
dately  acuminate,  obtuse,  simple  and 
entire,  or  minutely  emarginate. 

No.  3.  Alternate,  ovate,  acuminate, 
acute  or  subacute,  simple  and  entire. 

Tribe  SoPHOBEiE. 


Sophora  secundiflora.  Lag.  (fig.  293). 

F.a.29S.-Sophora>>ecundiflora.         ^^^^^  ^^^^^^^^  ^.^^^  ^  ^^^^^ 

.NfLt.  B1Z6. 

as  ivory. 

Hypocotyl  undeveloped.  xi  •  <•    „  nln^plv 

Cofyledons  remaining  below  the  ground  with  their  faces  closely 
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adpressed,  1-1-6  cm.  long,  nearly  1  cm.  broad,  3-5  mm.  thick 
fleshy.  ' 

_  Stem  slightly  curved,  terete,  firm,  glabrous,  greyish-green  ;  1st 
mternode  3-4  cm.  long,  2-3  mm.  thick  ;  3rd  about  the  same  ;  2nd 
and  4th  very  short. 

Leaves  imparipinnate  (or  one  or  more  of  the  primary  ones  simple) 
caulme  alternate,  stipulate,  petiolate,  alternately  incurvinerved  and 

caducous''  "^''^  '  ^PP^^^^tly 

No.  1.  Shortly  stalked, 
2-5-3  cm.  long,  5-6  mm. 
broad,  linear  or  linear-lanceo- 
late, more  or  less  acute,  thinly 
coriaceous,  glabrous,  dark 
green. 

No.  2.  Ditto. 

Nos.  3  and  4.  Ditto,  but 
elliptic-lanceolate,  acuminate 
at  both  ends  with  articulation 
between  blade  and  petiole. 

Edwardsia  cMlensis,ikfMrs 
(fig.  294). 

Eypocotyl  subterranean. 

Cotyledons  not  rising  above 
ground,  thick,  fleshy,  flat  on 
one  side  and  very  convex 
on  the  other,  conforming  to 
the  shape  of  the  seed,  green- 
ish, 1-5  cm.  long,  1  cm. 
broad. 

Stem  erect,  terete,  woody, 
verrucose,  pubescent,  deep 
green;  1st  intemode  6  mm. 
long;  2nd  3 mm.;  3rd 4 mm.; 
4th  7  mm. ;  5th  7  mm. ;  6th 
9-5  mm. ;  7th  1-2  cm. 

Leaves  compound,  impari- 
Pmnate,  cauline,  alternate, 

stipulate,  petiolate,  glabrous  above  and  dark  green,  sparsely  pubescent 
•lllll  ^^"^f' P^*iol«  rachis  paler  green  ;  petiole-semiterete, 
•spruous  '^^P^^''  tooih-m,.,  incon- 


Fig.  ^M— Edwardsia  chilemis.  Nat.  size. 


454 


ON  SEEDLINGS 


No.  1.  Unifoliolate,  small ;  leaflet  obovate. 
No.  2.  Trifoliolate  ;  leaflets  unequal. 

No.  8.  Quadrifoliolate  ;  an  extra,  small,  lateral  leaflet  present  at 
the  base  of  the  terminal  one,  but  probably  a  malformation. 

No.  4.  TrifoHolate  ;  leaflets  oblong,  obtuse,  minutely  emarginate  ; 
terminal  leaflet  largest.    This  applies  to  most  or  all  of  the  leaflets 

that  follow. 

Nos.  5  and  6.  Five-foliolate. 
Nos.  7-10.  Seven-foliolate. 

Castanospermum  australe,  A.  Gunn.  (fig.  295). 

Primary  root  long, 
tapering,  stout,  giving 
off  lateral,  branched 
fibres. 

Hypocotyl  unde- 
veloped. 

Cotyledons  enor- 
mously large,  semiglo- 
bose,  fleshy,  fllling  the 
seed  and  conforming  to 
it  in  shape,  persistent 
and  subterranean,  re- 
maining in  the  testa 
which  splits  irregularly. 

Plumule  very  large 
and  well  developed, 
fleshy. 

Stem  erect,  terete, 
ultimately  woody,  and 
forming  a  tall  tree. 

Leaves  compound, 
imparipinnate,  cauhne, 
alternate,  stipulate,  peti- 
olate ;    leaflets  large, 

Pig.  295.— Castanospermum  australe.  Nat.  size.     leathery,  exstipellate. 

Myroxylon  peruiferum,  L.  fil. 

Hypocotyl  usually  subterranean. 

Cotyledons  fleshy  and  remaining  m  the  large  seed  till  they  are 

exhausted  and  decay.  u;„,ofoivm-ev. 
Stem  woody,  erect,  terete,  pubescent,  pale  green,  ultimately  grey, 
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slightly  warted ;  1st  internode  7*65  cm.  long ;  2nd  1-4  cm, ; 
8rd  1-05  cm;  4tli  I'l  cm.  ;  5tla  1-25  cm. ;  6tli  8  mm. 

ieaves  compound,  pinnate  with  alternate  leaflets  (those  of  the  first 
four  to  five  leaves  mostly  opposite),  cauline,  alternate  (first  two  op- 
posite), stipulate,  petiolate,  permeated  with  small,  linear-oblong, 
dot-like  glands,  cihated  on  the  margin,  pubescent  on  the  petiole 
and  on  the  rachis  and  midrib  of  leaflets  on  both  surfaces,  deep  green 
above,  paler  beneath,  shining  on  both  surfaces,  evergreen,  coriaceous, 
thin;  leaflets  slightly  undulate,  and  subrevolute  at  the  extreme 
margin,  shallowly  wavy  or  subcrenulate  in  the  adult  leaves  ;  petioles 
terete,  thickened  at  the  base 
and  articulated  with  the 
stem  ;  stipules  small,  linear, 
obtuse,  pubescent,  tending 
to  become  obsolete  as  they 
proceed  from  the  first  pair  of 
leaves  upward. 

Nos.  1  and  2.  Opposite  ; 
leaflets  five,  lanceolate,  ob- 
tuse, emarginate,  as  are  those 
of  the  third  to  seventh  leaf. 

No.  3.  With  eight  leaflets. 

No.  4.  With  nine  leaflets. 

No.  5.  Deformed. 

No.  6.  With  nine  leaflets. 

No.  7.  With  eleven  leaf, 
lets. 

Ultimate  leaves  pinnate, 
with  nine  to  thirteen  alter- 
nate leaflets  and  a  terminal 
elUptic,  obtuse,  emarginate 
one  ;  lateral  leaflets  oblong, 
obtuse,  emarginate,  or  a  few 
of  the  lower  ones  ovate. 

Haematoxylon  campechianum,  L. 

Fruit  a  legume,  much  flattened  dorsally,  one-seeded. 

Seed  oblong-oval,  8-12  mm.  long,  exalbuminous,  very  much 
laterally  flattened;  testa  straw-coloured,  smooth,  thickened  near 
the  hilum  ;  hilum  rather  conspicuous,  ventral. 

Embryo  straight,  filling  the  whole  interior  of  the  seed,  yellowish  ; 
cotyledons  deeply  bilobed,  transversely  oblong,  consisting  chiefly  of 
two  large  auricles,  obtuse,  veined  while  still  in  the  seed,  lying  the 


Fig.  296. 

Ucematoxylon  campechianum,  x  2. 
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broad  way  of  the  seed,  with  their  edges  to  the  axis  ;  radicle  short, 
subquadrangular,  subacute,  lying  between  the  two  lobes  of  the 
cotyledon,  but  not  incumbent  on  them. 

Seedling  (fig.  296). 

Hypocotyl  erect,  terete,  glabrous,  2-2-5  cm.  long,  light  green 
or  colourless. 

Cotyledons  membranous,  unequal,  unsymmetrical,  deeply  bipar- 
tite, shortly  petiolate;  segments  obliquely  oblong,  ovate,  obtuse, 
entire,  glabrous,  dark  green,  distinctly  pinnatinerved ;  the  lateral 
veins  very  long. 

Stem  erect,  terete,  glabrous,  herbaceous,  ultimately  woody. 

TbIBE  EuCiESALPINIBiE. 

Csesalpinia  tinctoria,  Do^nb.  (fig.  297). 

Hypocotyl  long,  woody,  striated,  5-6  cm.  long,  brownish. 

Cotyledons  obovately  rotund,  subfleshy,  obtuse,  entire,  slightly 
auricled  at  the  base,  subsessile  or  very  shortly  petiolate,  glabrous, 
dark  green,  trinerved,  with  the  principal  nerves  again  pinnati- 
nerved. 

Stem  erect,  square,  herbaceous  (ultimately  woody)  minutely 
pubescent ;  1st  internode  5-6  mm.  long  ;  2nd  internode  7-9  mm. 

First  two  leaves  compound,  abruptly  pinnate,  cauline,  alternate, 
petiolate,  stipulate,  ending  in  a  short  point;  third  leaf  bipm- 
nate;  leaflets  simple,  opposite,  oval-oblong,  acute,  ending  m  a 
sharp  point  or  mucro,  shortly  petiolulate,  stipellate,  glabrous,  green, 
pinnatinerved ;  petioles  long,  terete,  pubescent;  stipules  and  stipellse 
straight,  acute,  thorn-  or  bristle-Hke. 

Tubeuf '  figures  and  describes  the  seedling  of  Gleditschia  tri- 
acanthos,  which  somewhat  resembles  the  above,  but  the  cotyledons 
are  oval,  2-5  cm.  long,  and  1-2  cm.  broad,  and  sessile.  The.  first 
leaves  have  ten  pairs  of  pinnae,  which  are  shortly  stalked,  have  a 
delicate  pointed  apex,  and  are  hairy. 

Poinciana  Gilliesii,  Hook.  (fig.  298). 

Hypocotyl  erect,  square,  with  shghtly  winged  ribs,  and  a  few 
short  brown  hairs  on  the  upper  part,  4-5  cm.  long ;  light  subglau- 
cous-green. 

Cotyledons  broadly  or  obovately  oblong,  obtuse,  entire,  very 
•  '  Samen,  Friichte  u.  Keimlingc  (Berlin,  1891),  p.  127. 
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shortly  petiolate,  glabrous,  light  subglaucous-green,  five-nerved  at 
the  base,  with  the  main  nerve  forking  near  the  apex ;  petioles 
connate  at  the  base. 


Fig.  297. — OcBsalpinia  tinctoria.   Nat.  size. 

Stem  erect,  terete,  herbaceous,  covered  with  short  brown  hairs  • 
1st  internode  2'5-3  mm.  long.  •  ' 

First  leaves  compound,  abruptly  pinnate,  cauline,  alternate  with 
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long  petioles,  stipulate  ;  leaflets  linear- oblong,  obtuse,  entire,  shortly 
petiolulate,  opposite  (sometimes  alternate),  glabrous,  light  green, 


Fig.  !298. — Foinciana  Qilhesii.    Nat.  size. 


pinnatinerved ;  petioles  terete,  with  a  few  scattered  hairs;  stipules 
obovate,  jagged  or  denticulate,  minutely  hairy. 
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Tbibe  Gassier. 
Cassia  circinata,  Benth.  (fig.  299). 

Hypocotyl  erect,  terete,  wiry,  suffrutescent,  pubescent,  2-5- 
4-5  cm.  long,  pale  green  at  first,  ultimately  brown. 


Fig.  299. — Cassia  circinata.   Nat.  size. 

Cotyledons  foliaceous,  shortly  petiolate,  rotund,  deep  green  above, 
indistinctly  three-  to  five-nerved,  paler  beneath ;  petiole  about  1  mm. 
long. 

Slein  wiry,  suffrutescent,  terete,  pubescent,  pale  green  ;  1st  inter- 
node  1-8  cm.  long ;  2nd  9  mm.  ;  3rd  G'5  mm. ;  4th  7  mm. 
Leaves  cauline,  compound,  alternate,  stipulate,  petiolate. 
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No.  1,  Pinnate,  abrupt,  with  one  or  sometimes  two  pairs  of 
leaflets  ;  leaflets  oblong,  or  obovate-oblong,  obtuse,  pale  green  above, 
glaucous  beneath,  ciliate,  petiolulate ;  petiole  subterete,  channelled 
above,  pubescent,  1*5  cm.  long;  petiolule  1  mm.  long;  stipules  linear, 
acute,  pubescent. 

Nos.  2-5  of  two  pairs  of  leaflets ;  leaflets  opposite ;  rachis 
abrupt ;  otherwise  similar  to  No.  1. 

Cassia  obovata,  Coll.  (fig.  800). 

Hypocotyl  stout,  glabrous,  light  green,  1-5-2  cm.  long,  stout. 

Cotyledons  broadly  obovate, 
obtuse,  entire  or  widely  emar- 
ginate,  nearly  sessile,  glabrous, 
light  subglaucous-green,  dis- 
tinctly trinerved. 

Stmi  erect,  terete,  herb- 
aceous, ultimately  woody  ;  1st 
internode  4-5  mm.  long ;  2nd 
shorter. 

First  leaves  abruptly  pinnate, 
petioles  long ;  leaflets  oblong, 
obtuse,  entire,  opposite,  shortly 
petiolulate,  glabrous,  green,  alter- 
nately pinnatinerved ;  stipules 
small,  setaceous,  deciduous. 

Cassia  mimosoides,  L. 

Hypocotyl  slender,  1-5  cm. 
long,  '5-75  mm.  thick,  uneven 
but  glabrous  and  terete. 
Cotyledons  horizontal,  subsessile,  about  9  mm.  long  and  5  mm. 
broad,  obliquely  oblong,  rounded  at  the  apex,  entire,  obscurely 
nerved,  with  a  revolute  margin,  glabrous  but  showing  dark  brown 
dots  on  both  surfaces,  pale  green. 

Siem  pubescent,  not  very  firm,  red  ;  first  intemode  2-8  cm.  long 
and  '5  mm.  thick. 

Leaves  abruptly  pinnate ;  leaflets  small,  linear-oblong,  obtuse, 
entire  with  an  evident  midrib  ;  stipules  small,  scarious,  subulate, 
acute. 

No.  1.  Abruptly  pinnate,  1-2  cm.  long,  -75  cm.  broad,  with 
about  seven  pairs  of  obhque,  hnear-oblong,  sessile  leaflets  8-4  mm. 
long  and  1-2  mm.  broad. 

No.  2.  Similar. 


Pig.  300. — Cassia  obovata.  Nat.  size. 
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Cassia  Fistula,  L.  (fig.  301). 

Fruit  a  legume,  linear,  slightly  compressed  laterally,  divided 
into  many  cells  transversely  by  ingrowths  of  the  carpel,  many-seeded, 
thick,  indehiscent. 

Seet^  rotund-obovate,  much  compressed  dorso-ventrally,  glabrous, 
hard,  shining ;  testa  thin,  pale-coloured,  and  separating  from 
the  tegmen,  forming  a  broad  white  band  down  the  middle  of  the 


A  B 


Fig.  301. — Cassia  Fistula.  A,  oblique  longitudinal  section  of  seed, 
X  5 :  US,  uncut  surface  ;  JBC,  edges  of  cotyledons  ;  P,  endosperm  ; 
00,  testa;  10,  tegmen.  B,  longitudinal  section  of  seed  at  right 
angles  to  the  plane  of  the  cotyledons,  x5:  B,  radicle ;  P,  endo- 
sperm. C,  transverse  section  of  seed,  x  5  :  JP,  endosperm ;  O,  coty- 
ledons. 

ventral  aspect,  and  a  broader  one  along  the  dorsal  aspect,  while 
round  the  edges  it  remains  attached  and  appears  deep  buff 
or  brownish-yellow  ;  tegmen  much  thicker  and  brownish -yellow ; 
micropyle  and  hilum  contiguous,  basal  at  the  upper  end  of  the 
seed;  raphe  ventral,  forming  a  brown  hpe  almost  obscured  by 
the  white  testa ;  chalaza  apical,  at  the  farther  end  from  the 
hilum. 
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Endosperm  copious,  very  tougli  and  almost  colourless  when  moist, 
hard  and  cartilaginous  when  dry,  occupying  the  greater  part  of  the 
interior  of  the  seed. 

Embryo  large  and  nearly  as  long  as  the  endosperm,  straight, 
central,  but  obliquely  twisted,  so  that  in  transverse  section  it 
traverses  the  endosperm  diagonally  by  two  curves,  the  edges  of  the 
cotyledons  abutting  against  the  inner  wall  of  the  seed  and  cutting 
the  endosperm  in  two ;  cotyledons  oblong,  obtuse,  entire,  slightly 

cordate  at  the  base,  trinerved 
longitudinally,  while  short, 
alternate,  ascending  nerves 
are  given  off  from  the  mid- 
rib, closely  appUed  face  to 
face,  thick,  flat,  rather  fleshy, 
pale  yellow ;  radicle  very 
short,  stout,  obtuse,  subovoid, 
lying  in  a  cavity  of  the  en- 
dosperm close  to  the  micro- 
pyle,  straight,  many  times 
shorter  than  the  cotyledons. 

Seedling  (fig.  302). 

Hypocotyl  woody,  erect, 
terete,  substriate  by  the  burst- 
ing of  the  epidermis,  finely 
pubescent,  glabrescent,  green 
and  afterwards  becoming 
brown,  4-6  cm.  long. 

Cotyledons  fohaceous,  short- 
ly petiolate,  oblong  or  obovate- 
oblong,  roimded  at  the  end,  tri- 
nerved and  reticulate,  2-4  cm. 
long,  1-4  cm.  broad. 

Stem,  woody,  erect,  flesuous 
or  zigzag  at  the  joints,  terete, 
pubescent,  green ;  1st  inter- 
node  5  mm.  long ;  2nd,  3rd,  and  4th  each  about  1  mm. ;  5th 
2  mm. ;  6th  3-5  mm. ;  7th  4  mm. 

Leaves  cauline,  alternate,  compound,  stipulate,  petiolate,  abruptly 
pinnate  ;  petioles  and  under  side  of  leaflets  pubescent  ;  upper  side 
glabrous,  deep  green  ;  under  side  pale  or  glaucous.  .    ,  ,  ^ 

No.  1.  Consisting  of  one  pair  of  deformed,  unequal-sized  leal- 
lets. 


Fig.  302.— Oossm  Fistula.    Nat.  size. 
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No.  2.  Of  two  pairs  of  oblong-lanceolate,  acute  or  subacute 
leaflets. 

Nos.  8  and  4.  Very  small,  each  with  two  pairs  of  leaflets. 

Nos.  5-7.  Of  two  pairs  of  leaflets  ;  lower  pair  ovate,  obtuse, 
penninerved  and  reticulate,  entire,  petiolulate ;  upper  pair  ovate- 
oblong  or  oblong-lanceolate,  obtuse,  otherwise  like  the  lower  pair  ; 
petiole  subterete,  slightly  chaimelled  above,  9-15  mm.  long; 
primary  rachis  8-9  mm.  long,  ending  in  a  mucro  between  the 
upper  pair  of  leaflets  ;  petiolules  about  1  mm.  long. 

Tribe  Bauhinie^, 
Bauhinia  tomentosa,  L.  (fig.  303). 

Seeds  oblong,  subrotund  or  orbicular,  much  compressed  laterally, 
6-5-8  mm.  long,  5-7  mm.  wide,  2-2-25  mm.  thick,  not  transverse 
to  the  placenta. 

Hypocotyl  erect,  terete,  subgla- 
brous,  pale  green,  1-25-1-8  cm.  long. 

Cotyledons  foliaceous,  obovate- 
oblong,  obtuse  and  rounded  at  both 
ends,  five-nerved  from  the  base  in 
a  somewhat  radiating  manner,  gla- 
brous and  shining  on  both  surfaces, 
light  green  above,  paler  beneath, 
subfleshy,  sessile,  2-1  cm.  long, 
1-2  cm.  wide. 

Stem  shrubby  after  a  time, 
erect,  terete,  hairy,  pale  green  when 
young;  1st  mternode  1-45  cm.  long. 

Leaves  simple,  bilobed  (appa- 
rently consisting  of  two  united  leaf- 
lets), cauhne,  alternate,  stipulate, 
petiolate,  more  or  less  hairy  on 
both  surfaces  (in  the  seedHng),  five- 
nerved,  reticulate,  with  the  median  nerve  prolonged  or  aristate  in  the 
apical  sinus,  with  strong  branches  runmng  to  the  apex  of  the  lobes, 
and  the  lateral  ones  ascendingly  penninerved  ;  petioles  semiterete' 
channelled  above,  hairy  ;  stipules  small,  subulate,  acute,  colourless' 
No.  1.  Broadly  obcordate,  rounded  at  the  base,  divided  at  the 
apex  for  about  one-fourth  its  length,  with  the  lobes  rounded  and 
obtuse. 

Nos.  2  and  3.  (Deformed  in  specimen). 
Nos.  4  and  5.  Similar  to  No.  1,  but  smaller. 
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Bauhinia  Carronii,  F.  Muell. 

Pods  8-10  cm.  long,  2-5-3  cm.  broad,  scarlet  when  young, 
the  colour  of  the  flowers,  which  they  resemble  at  a  distance. 

Seeds  oblong  or  broadly  oblong,  much  compressed  laterally, 
smooth,  shining,  deep  chestnut  brown,  glabrous,  9-10-5  mm.  long, 
6-8-5  mm.  broad,  2-25-2-75  mm.  thick. 

Hypocotyl  subterranean. 


Fig.  804.— Oerm  Siliquastntm,  x2. 

Cotyledons  sessile,  one  below  the  earth,  about  1-5  cm.  long, 
1  cm.  broad,  oblong  or  obovate,  obtuse,  entire,  trmerved,  sub- 
concave,  glabrous,  succulent,  light  green  above. 

Stem  herbaceous,  terete,  about  2  mm.  thick,  very  pale  green; 
1st  internode  8-2  cm.  long;   2nd  2-1  cm.;   8rd  2  cm.;  4tli 

^    ^Leaves.—^o.  1.  Very  small,  cauline,  compound,  of  two  leaflets; 


LEGUMINOS^  465 

petiole  1  mm.  long ;  leaflets  oblanceolate  or  oblong,  obtuse,  5  mm, 
long,  2  mm.  broad,  otherwise  like  No.  2. 

No.  2  &c.  Compound,  cauline,  stipulate,  petiolate,  of  one  pair  of 
leaflets,  glabrous,  palmatinerved,  reticulate;  leaflets  opposite, 
obovate,  slightly  oblique,  entire,  obtuse  and  rounded  at  the  apex, 
subcuneate  at  the  base,  pale  green  and  subglaucous  on  both  sides, 
1-6  cm.  long,  7  mm.  broad  ;  stipules  free,  small,  subulate,  acute  ; 
petiole  terete,  or  faintly  channelled  on  the  upper  side,  minutely 
pubescent,  3  mm.  long,  produced  beyond  the  bases  of  the  leaflets 
into  a  slender,  subulate,  acute  point. 

Cercis  Siliquastrum,'  Willd.  (fig.  304). 

HypocoUjl  short,  erect,  terete,  5-6  mm.  long,  light  green  or 
colourless. 

Cotyledons  rotund,  obtuse,  entire,  shortly  petiolate,  coriaceous, 
dark  green,  glabrous,  pinnatmerved  or  rather  trinerved,  with 
numerous  branched  veinlets  to  the  principal  veins. 

Stem  erect,  terete,  herbaceous,  ultimately  woody  ;  1st  internode 
1-1-2  cm,  long  ;  2nd  5-7  mm. 

First  leaves  simple,  entire,  cauline,  alternate,  petiolate,  stipulate, 
cordate  or  ovate  from  a  cordate  base,  obtuse,  glabrous,  light  green,' 
pinnatinerved  or  five-nerved  ;  petioles  rather  long,  slender,  terete  ; 
stipules  small,  acute,  setaceous,  deciduous, 

Tbibe  Amheestie^. 

Peltogyne  sp. 

Primary  root  long,  tapering,  giving  off  numerous  short  lateral 
rootlets, 

HypoGotyl  erect,  obtusely  tetragonal  owing  to  the  lines  running 
down  from  the  cotyledons,  18-5-14-5  cm,  long,  glabrous,  soon  becom- 
ing woody. 

Cotyledons  broadly  oval,  obtuse,  fleshy,  green  but  opaque,  with 
obscure  or  indiscernible  venation,  sessile,  rather  strongly  auricled 
at  the  base  with  the  auricles  connate  for  most  of  their  length  along 
the  dorsal  aspect,  and  deeply  grooved  in  front  so  that  they  appear 
to  be  attached  to  the  axis  about  4-5  mm.  above  their  base,  erect  for 
some  time  after  germination,  then  recurved  and  spreading  a  little 
above  their  insertion,  rather  caducous. 

Stem  soon  becoming  woody  ;  1st  internode  about  4  mm.  lono-. 

Leaves  compound,  consisting  of  one  pair  of  leaflets,  like  some 
species  of  Bauhinia,  cauline,  stipulate,  petiolate,  coriaceous,  glabrous 
shming ;  leaflets  very  unequal-sided  or  half-ovate,  obtuse,  sessile' 
'  Cf.  Tubeuf,  loc.  cit.  p.  128,  fig.  174. 

H  n 


466 


ON  SEEDLINGS 


with  the  midrib  near  the  inner  edge  or  anterior  margin,  and  a  few 
strong  incurved  nerves  (not  reaching  the  margin)  on  the  posterior 
side ;  petiole  short,  semiterete,  grooved  above  in  the  first  pair,  and 
about  1-5  cm.  long  ;  stipules  slender,  short,  subulate,  soon  becoming 
brown. 

Nos.  1  and  2.  Opposite,  with  the  characters  as  above  given. 
Hymensea  Courbaril,  L.  (fig.  305). 

Hypocotyl  erect,  terete,  stout,  succulent,  glabrous,  pale  brownish- 
green,  8-5  cm.  long,  5  mm.  thick  at  the  base. 

Cotyledons  thick,  fleshy,  plano-convex,  oval  m  outline,  shghtly 
emarginate,  pale  brownish  on  the  back,  hght  green  above  (the  green 
part  being  bordered  by  a  narrow  rim),  glabrous,  red  on  the  back 
when  quite  young,  semi-erect,  auricled  at  the  base  behmd,  and 
forming  a  short  sheath,  2-2  cm.  long  including  the  sheath,  1-4  cm. 
broad,  7  mm.  thick  a  httle  above  the  base. 

Stem  succulent  at  first,  ultimately  woody,  green,  glabrous  ;  1st 
internode  3-3  cm.  long  ;  2nd  4-15  cm. 

Leaves.— 'Eos.  1  and  2.  Simple,  opposite,  exstipulate,  cohermg 
nearly  throughout  the  whole  length  of  their  petioles  and  adnate  to  the 
stem ;  lamina  obhquely  rotund,  emarginate,  5-6-nerved  longitudhiahy 
and  finely  reticulate,  5  cm.  long,  5-5  cm.  broad,  ascendmg. 

No.  3.  Alternate,  abruptly  pinnate,  stipulate,  with  one  pair  of 
leaflets  •  leaflets  obhquely  ovate,  acummate,  obtuse,  conduphcate  in 
bud,  and  adpressed  to  each  other  by  the  backs  of  their  narrow  anterior 
sides,  the  posterior  side  being  the  broader. 

Ultimate  leaves  abruptly  pinnate  with  one  pair  of  very  shortly 
petiolulate  leaflets,  articulated  with  the  petiole  ;  leaflets  obhquely 
oblong  or  subfalcate,  acuminate,  obtuse,  unequal-sided,  glabrous, 
coriaceous,  light  or  deep  green,  densely  dotted  with  immersed  glands 
on  the  under  side,  with  a  row  of  submarginal,  larger,  suboblong  or 
oval  ones,  all  of  which  are  translucent  when  held  up  to  the  bgM  ; 
petioles  thickened  at  the  base  and  apex;  stipules  oblong-laiiceolate, 
acute,  pale  green,  with  translucent  glands  and  a  finely  cihate  margm ; 
caducous. 

Tbibe  Cynometee^. 
Copaifera  officinalis,  L. 

Hypocotyl  aerial,  erect,  terete,  stout,  covered  with  short,  minute 
hairs,  soon  becoming  woody  and  deep  brown,  4-5  cm.  above 

cfiyZccZons  aerial,  but  very  fleshy,  oblong,  obtuse,  entire  sessile, 
shortly  auricled  at  the  base,  rounded  on  the  back,  flat  on  the  mner 
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face  or  becoming  concave  by  shrivelling,  1-4-1-6  cm.  long,  8-10  mm, 
wide,  reddish  or  tinged  with  yellow. 

Stem  erect,  terete,  green,  densely  covered  Avith  short  incurved 
hairs,  soon  becoming  woody  ;  Istinternode  3-5-4  cm.  long,  together 
with  the  liypocotyl  constituting  the  whole  of  the  first  season's  growth 
and  terminating  in  a  small  bud  that  appears  to  be  lateral  owing  to 
the  size  of  the  first  leaf. 

Leaves  compound,  abruptly  pinnate,  cauhne,  alternate,  stipulate, 
petiolate,  evergreen,  glabrous,  full  of  pellucid  glands, leathery,  penni- 
nerved,  reticulate,  bright  green  and  shming  ;  stipules  small,  deci- 
duous ;  petiole  very  short,  stout,  cylindrical,  finely  pubescent  between 
the  leaflets  like  the  midrib  and  the  petiolules. 

No.  1.  Of  three  pairs  of  lanceolate,  obtuse,  falcate  leaflets,  obhque 
on  the  posterior  side,  and  more  or  less  cut  away  on  the  anterior  side 
at  the  base,  especially  the  uppermost  pair. 


Suborder  Mimoseje. 

TeIBB  ADENANTHEEEiE. 

Adenanthera  Pavonina,  L.  (fig.  306). 

Hypocotyl  soft,  succulent,  erect,  terete,  glabrous,  green,  1-5  cm. 
long,  afterwards  woody. 

Cotyledons  sessile,  erect  and  clasping  the  stem  mth  subsagittate 
auricles  at  the  base,  fleshy,  thick,  margin  shghtly  undulate,  ohve 
green,  with  buds  in  their  axils. 

Stem  erect,  terete  or  substriate,  glabrous,  green,  ultimately 
woody  ;  1st  internode  2-4  cm.  long. 

Leaves  compound,  cauline,  alternate  (first  two  opposite),  stipulate, 
petiolate  ;  stipules  minute,  glandular. 

Nos.  1  and  2.  Pinnate;  leaflets  alternate,  lanceolate-oblong, 
acute  or  cuspidate,  entire,  glabrous,  pale  green,  largest  about  the 
middle  of  the  leaf,  and  gradually  smaller  to  each  end ;  petiole  sub- 
terete,  channelled  on  the  upper  side,  8  mm.  long;  rachis  of  leaf 
terete,  shghtly  channelled  on  the  upper  side  at  the  base,  ending  in 
a  slender,  filiform  point  beyond  the  uppermost  leaflet ;  pomt4mm. 

long. 

No.  8.  Alternate. 

Nos.  4-6.  Alternate,  paripinnate  ;  leaflets  alternate. 

Nos.  7-9.  Bipinnate  with  two  pairs  of  opposite  pinnaj ;  apex  ot 
rachis  abrupt ;  leaflets  alternate. 

No  10.  Bipinnate,  abrupt,  with  three  pairs  of  pmnfe ;  leaflets 
alternate,  unequal  in  size,  rotund  or  oval  at  the  base  of  pmna  oblong, 
obtuse  and  minutely  cuspidate  on  upper  part  of  pinna,  pale  gice  , 
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glabrous ;  apex  of  pinnas  abrupt ;  petiole  terete,  subcliannelled  on 
the  upper  side,  2-8  cm.  long ;  racbis  between  the  first  and  second 
pair  of  pinnfe  1-7  cm.  long ;  between  second  and  third  pair  1-9  cm. 
long. 

Ultimate  leaves  bipinnate  and  large,  with  three  to  four  pairs  of 
pinnffi. 

Prosopis  juliflora,  DC. 

Hypocotyl  erect,  terete,  suffrutescent,  slender,  pale  green  becom- 
ing brownish,  1-6  cm.  above  the  soil. 

Cotyledons  broadly  oblong,  obtuse,  subsessile,  falling  away  rather 
early,  glabrous. 

Stem  erect,  suffrutescent,  terete,  glabrous,  subflexuous,  wiry  ;  1st 


Fig.  306. — Adenanthera  Favonina.   Nafc.  size. 

internode  1-75  mm.  long  ;  2nd  6  mm. ;  3rd  4  mm. ;  4th  5-6  mm.  ; 
5th  3  mm. ;  6th  4  mm. ;  7th  6-5  mm. 

Leaves  compound,  cauhne,  alternate,  stipulate,  petiolate,  gla- 
brous, glaucous-green  ;  petioles  slender,  terete,  almost  filiform,  gla- 
brous, glaucous  ;  stipules  subulate,  acute,  pale  green,  glabrous. 

No.  1.  Abruptly  pinnate  with  four  pairs  of  oblong,  obtuse,  apicu- 
late  leaflets,  the  basal  and  uppermost  pairs  small. 

No.  2.  Abruptly  bipinnate  with  one  perfect  pinna  of  four  pairs 
of  oblong  leaflets  and  an  abortive  pinna ;  petiole  terminating  in  a 
small  subulate  point  between  the  pinn^. 

Nos.  3-8.  Bipinnate  with  one  pair  of  pinnte ;  pinnro  abruptly 
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pinnate  ;  leaflets  opposite,  oblong,  obtuse,  apiculate,  folding  up  face 
to  face  and  imbricating  longitudinally  on  their  own  racliis  when  the 
temperature  is  low  or  towards  evening. 

Dichrostaehys  cinerea,  Wight  et  Am. 

Hypocotyl  woody,  erect,  terete,  thinly  pubescent,  soon  losing  it  s 
epidermis  and  becoming  greyish. 

Cotyledons  oblong-ovate,  obtuse,  cordate  and  three-  or  faintly 
five-nerved  at  the  base,  deep  subglaucous- green  above,  paler  beneath, 
glabrous,  erect,  very  shortly  petiolate,  1  cm.  long,  8  mm.  broad. 

Stem  woody,  erect,  terete,  pubescent,  pale  green;  1st  interned e 
undeveloped;  2nd  1-25  cm  long ;  3rd  1-6  cm.;  4th  1-1  cm.;  5th 
1-15  cm. ;  6th  9  mm. 

Leaves  abruptly  uni-  to  bi-pinnate,  cauline,  alternate,  stipulate, 
petiolate,  ciliate  on  the  margins  of  the  leaflets,  deep  glaucous-green 
above,  glaucous  beneath ;  leaflets  folded  upwards  and  forwards,  im- 
bricate with  lower  ones  always  outside  the  upper  when  the  temper- 
ature is  low  ;  petioles  subterete,  channelled  above,  pubescent,  articu- 
lated with  a  large  swollen  base,  excurrent  between  the  pinnae  with 
a  small  subulate  point ;  rachis  with  a  small  cyhndrical  gland  on  the 
upper  side  between  each  pair  of  pinnaj ;  stipules  slender,  subulate, 
attenuate. 

No.  1.  Pinnate  with  about  ten  pairs  of  opposite,  linear-oblong, 
acute  leaflets. 

No.  2.  Bipinnate  with  one  pair  of  pinnae. 
No.  3.  Bipinnate  with  two  pairs  of  pinnae. 
No.  4.  Ditto. 

No.  5.  With  three  pairs  of  pinnae. 

No.  6.  With  four  pairs  of  pinnae  ;  leaflets  Unear-oblong  or  oblong, 
acute,  fewer  than  those  of  the  four  leaves  immediately  below  ;_  lower 
pair  of  pinnte  unequal,  one  puma  linear-oblong,  acute,  undivided, 
the  other  pinna  divided  into  four  leaflets  on  the  posterior  side,  and 
undivided  on  the  anterior  side  or  that  next  the  rachis. 

This  reversion  is  pretty  frequent. 


Tribe  Eumijiose^. 


Leucsena  glauca,  Benth.  (fig.  307). 

Hypocotyl  rather  woody,  about  2-5  cm.  long  and  1-1-5  mm.  thick, 
terete,  with  a  corky  collar  just  above  the  surface  of  the  ground, 
pubescent,  whitish-green. 

Cotyledons  with  short,  connate,  pubescent  petioles,  1-5  cm.  long, 
1  cm.  broad,  and  1  mm.  thick,  oval  or  obovate,  sagittate  at  the 
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base,  rounded  at  tlie  apex,  entire,  slightly  convex,  five-nerved, 
glabrous  on  both  sides,  dark  green  above. 

Stem  erect,  herbaceous,  terete,  glabrous,  dark  green  ;  1st  inter- 
node  1  cm.  long,  and  1  mm.  thick ;  2nd  shorter  and  thinner. 

Leaves.  —  No.  1.  Abruptly- 
pinnate,  about  4  cm.  long  and 
2  cm.  broad ;  leaflets  hnear- 
lanceolate,  oblique,  in  about 
seven  pairs,  obscurely  nerved 
and  veined,  thin,  bright  green 
above,  paler  below ;  leaflets  1  cm. 
long  and  2-3  mm.  broad. 

No.  2.  Abruptly  bipinnaLe, 
petiole  1"5  cm.long,  "5  mm.  thick, 
ending  in  a  setaceous  mucro ; 
primary  pinnae  two,  about  2  cm. 
long  and  1-25  cm.  broad,  with 
about  six  pairs  of  secondary 
ones ;  the  latter  subsessile,  6-8 
mm.  long  and  2  mm.  broad, 
otherwise  like  those  of  No.  1. 

Nos.  3  and  4.  Similar  to  No.  2. 


Fig.  307. — LeuccBna  glauca.    Nat.  size. 


Tkibe  Acacie^. 
Acacia  Burkittii,  F.  Muell.  (fig.  308). 

Eypocotyl  sufirutescent,  erect,  glabrous,  pale  green,  suffused 
with  purple  at  the  base,  5-5  cm.  above  the  soil,  2  mm.  thick. 

Cotyledons  foliaceous,  broadly  triangular,  obtuse,  deeply  auricled 
at  the  base,  sessile,  with  half-ovate  auricles,  convex  above,  and  deep 
subglaucous-green,  rigid  and  fleshy,  pale  beneath  with  numerous 
irregular  tortuose  ridges  along  the  middle,  none  of  which  are  half 
the  length  of  the  leaf. 

Stevi  succulent,  ultimately  fruticose,  terete,  stout  immediately 
above  the  cotyledons,  then  suddenly  becoming  slender,  pubescent 
with  somewhat  adpressed  curved  hairs,  pale  green ;  1st  internode 
1-5  mm.  long;  2nd  4  mm.;  3rd  1-1  cm.;  4th  1-35  cm.;  5th 
1"15  cm. 

Leaves  compound,  cauline,  alternate,  stipulate,  petiolate,  bright 
green  above,  paler  beneath  ;  petioles  subterete,  channelled  above, 
densely  pubescent  as  well  as  the  rachis  of  pinnae  when  young,  less 
so  when  older  ;  stipules  subulate,  acute,  free. 

Nos.  1-6  inclusive.  Bipinnate  with  one  pair  of  pinnte  and  nume- 
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rous  pairs  of  opposite,  oblong,  or  obovate-oblong,  minutely  apiculate 
or  subacute,  shortly  petiolulate  leaflets ;  petiole  excurrent  between 
the  pinntB,  with  a  subulate  slender  point ;  rachis  of  pinnsB  excurrent 
in  the  form  of  a  small  subulate  point. 


Pig.  308. — Acacia  Bxorhittii.   Nat.  size. 


Acacia  Oswaldi,  F.  Muell. 

Hypocotyl  as  in  last  species,  substriate,  1-3  cm.  to  2-7  cm.  above 
ground,  1  mm.  thick. 

Cotyledons  obovate-oblong,  obtuse,  auricled  or  sagittate  at  the 
base,  sessile,  thickened  at  the  margin,  deep  green  above,  paler 
beneath  and  wrinkled  longitudinally,  glabrous,  fleshy,  1  cm.  long, 
6  mm.  broad. 

Sic»jsuffrutesoent,  erect,  terete,  glabrous  pale  green ;  internodes 
differing  in  length  in  different  individuals. 
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Plant  No.  1, — 1st  internode  3  cm.  long ;  2nd  2  mm.  ;  3rd 
1-5  mm. ;  4tii  2-25  mm. ;  5th  7*5  mm. ;  6tli  3  mm. ;  7tli  I'l  cm.  ; 
8fcli  5  mm. ;  9th  4  mm. ;  10th  5-5  mm. 

Plant  No.  2. — 1st  internode  1*5  mm.  long  ;  2nd  1  mm. ;  3rd 
5  mm. ;  4th  1'15  cm.  ;  5th  5  mm. 

Leaves  compound  and  abruptly  pinnate  or  reduced  to  phyllodes, 
cauline,  alternate,  stipulate,  petiolate,  glabrous ;  stipules  small, 
slender,  subulate,  acute. 

Plant  No.  1. — No.  1.  Pinnate,  with  one  pair  of  pinnas  and  ex- 
current  at  the  apex  to  a  filiform  point ;  leaflets  oblong,  obtuse, 
subcuspidate. 

No.  2.  Dropped  or  broken  off. 

No.  3.  Pinnate  with  three  pairs  of  leaflets. 

No.  4.  With  tyvo  small,  ovate,  acute,  and  one  oblong  leaflet ; 
petiole  laterally  compressed. 

Nos.  5-10.  Eeduced  to  lanceolate-oblong,' acute  phyllodes  with 
their  edges  placed  vertically,  equally  deep  green  on  both  sides,  and 
longitudinally  multinerved. 

Plant  No  2.— Nos.  1  and  2.  With  three  pairs  of  oblong  subcuspi- 
date leaflets  with  subinvolute  margins  and  unequal  at  the  base  on 
the  posterior  side. 

No.  3.  With  two  pairs  of  leaflets  ;  petiole  shghtly  compressed 
laterally  and  in  a  less  degree  than  those  of  Nos.  1  and  2. 

No.  4.  With  one  pair  of  leaflets  and  a  strongly  projecting  rachis  ; 
petiole  laterally  compressed,  hnear-lanceolate  with  its  edges  vertical. 

No,  5.  Reduced  to  a  phyllode. 

Acacia  verticillata,  Willcl.  (fig.  309). 

Hypocotijl  erect,  terete,  green,  soon  becoming  woody. 

Cotyledons  obovate,  oblong,  obtuse,  subfleshy,  deep  green  and 
shmmg,  4-5  mm.  long  ;  3-5  mm.  broad. 

Stem  woody,  erect,  terete,  ribbed  and  furrowed  or  deeply  striate, 
closely  and  minutely  tuberculated,  very  sparsely  pubescent,  bright 
green  at  least  when  young  ;  1st  internode  undeveloped  ;  2nd  3  mm. 
long;  3rd  6  mm.;  4th  6-5  mm.;  5th  2-5  cm.;  6th  1-6  cm. ;  7th 
8-5  mm. ;  8th  7  mm. ;  9th  4-5  mm. ;  10th  3  mm. 

Leaves  at  first  pinnate,  then  bipinnate,  then  reduced  to 
phyllodes,  caulme,  alternate  (the  phyllodes  more  or  less  verti- 
cillate,  sometimes  scattered),  stipulate,  petiolate,  deep  glaucous- 
green  above,  glaucous  beneath  (phyllodes  deep  green  like  the 
petioles  of  the  leaves),  glabrous  except  the  slightly  pubescent 
petioles  and  midrib  ;  petioles  laterally  compressed  but  less  so  than 
the  phyllodes,  deep  green  and  shining,  and  projecting  beyond  the 
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Fig.  309. — Acacia  verticillata. 
Half  nat.  size. 


Fig.  310. — Acacia  dealbata. 
Half  nat.  size. 


pinnas  with  a  subulate  acute 
aristate  point ;  stipules  small, 
subulate,  acute,  or  lanceolate  and 
aristate,  reduced  to  small  dark 
hairs  where  the  phyllodes  are  ver- 
ticillate  or  suppressed,  but  usually 
well  developed  where  these  are 
scattered. 

No.  1.  Pinnate  with  two  pairs 
of  leaflets. 

Nos.  2-5  inclusive.  Bipinnate 
with  one  pair  of  pinnae  ;  leaflets 
varying  from  obovate-oblong  to 
oblong  (the  commoner  form), 
obtuse,  aristate,  folding  upwards 
and  forwards  face  to  face  at 
night. 

No.  6  (in  specimen  sketched).  Ee- 
duced  to  a  small  laterally  compressed 
phyllode,  about  8  mm.  long. 

Nos.  7-11.  Forming  a  half  whorl  of 
phyllodes. 

Nos.  12-16.  Forming  a  broken  or  in- 
terrupted whorl. 

No.  17.  A  solitary  phyllode. 

Nos.  18-23.  A  whorl  of  phyllodes. 

Acacia  dealbata.  Link.  (fig.  310). 

Primary  root  tapering,  with  a  few 
colourless  lateral  rootlets. 

Hypocotyl  terete,  firm,  glabrous, 
brownish,  3-4  cm.  long,  '5-1  mm. 
thick. 

Cotyledons  sessile,  6  or  7  mm.  long, 
1-25  mm.  in  diameter  when  rolled  up, 
3  mm.  when  opened  out,  revolute, 
oblong,  entire,  obscurely  nerved  on  the 
outer  side,  with  a  very  prominent  midrib 
below,  thin,  hght  green. 

Stem  firm,  terete,  but  slightly  uneven 
and  downy,  brownish-green  ;  1st  inter- 
node  undeveloped;  2nd  about  1  cm. 
long,  -5-1  mm.  thick. 
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Leaves. — No.  1.  Pinnate ;  leaflets  linear-oblong,  obtuse,  entire, 
sessile  or  subsessile. 

No.  2.  Bipinnate  ;  leaflets  linear,  obtuse,  entire. 

Acacia  acanthocarpa,  Willd. 

Eyjpocotyl  2-5  mm.  long,  light  green  or  colourless. 

Cotyledons  thick,  fleshy,  broadly  oblong,  entire,  slightly  cordate 
at  the  base,  obtuse,  shortly  petiolate,  glabrous,  trinerved. 

Stem  erect,  terete,  herbaceous  at  first,  ultimately  woody  ;  1st 
internode  2-3  mm.  long,  finely  pubescent. 

First  leaves  compound,  abruptly  pinnate,  petiolate,  stipulate, 
alternate,  cauline  ;  leaflets  opposite,  shortly  petiolulate,  entire,  oval- 
oblong,  obtuse,  eight  in  first  leaf;  the  petiole  and  petiolules  are 
shghtly  hairy. 

Note. — The  cotyledons  are  often  three  in  number ;  out  of  eleven 
plants  four  had  three  cotyledons. 

Tribe  Inge^. 
Pithecolobium  Saman,  Benth. 

Hypocotyl  woody,  erect,  terete,  glabrous,  6-5  cm.  long,  2  mm. 
thick,  pale  green. 

Cotyledons  (dropped). 

Stem  becommg  woody,  erect,  terete,  striate,  densely  hairy  and 
almost  woolly  on  the  younger  parts,  pale  green;  1st  internode 
2-5  mm.  long  ;  2nd  9  mm. ;  3rd  1-1  cm. 

Leaves  cauhne,  compound,  alternate  (first  two  opposite),  petio- 
late, stipulate  and  stipellate,  ciliate,  pubescent  beneath  and  on 
the  petioles,  ultimately  becoming  glabrous  except  the  petioles  and 
apparently  the  margin. 

No.  1.  Simply  and  abruptly  pinnate,  with  three  pairs  of  opposite 
leaflets;  lowest  pair  lanceolate,  acute,  slightly  unequal  at  the 
base  ;  second  pair  oblong,  obtuse,  cuspidate  ;  third  pair  obovate,  ob- 
long, obtuse,  cuspidate,  all  petiolulate  ;  stipules  free,  subulate,  acute. 

The  primary  rachis  of  the  first  leaf  frequently  ends  in  a 
small,  lanceolate,  acute  leaflet,  thus  making  the  leaf  imparipinnate. 

No.  2.  Bipinnate,  consisting  of  one  pair  of  pinna3  or  primary 
divisions,  and  terminating  abruptly  ;  pinnas  of  two  pairs  of  leaflets 
with  sometimes  an  odd  one  at  the  base  laterally,  terminating  in  a 
subulate  acute  mucro,  stipellate  at  the  base ;  leaflets  unequal  in 
size,  oval,  oblique,  obtuse,  or  subcuspidate,  unequal  at  the  base  ; 
one  of  the  basal  ones  is  frequently  very  small,  namely  the  one  on 
the  basal,  anterior  side  of  the  pinna. 
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No.  3.  Similar  to  No.  2. 

N.B. — The  odd  leaflet  on  the  posterior  basal  side  of  the  pinna 
is  accounted  for  by  the  suppression  of  the  corresponding  anterior 
one. 


ROSACEiE. 

Benth.  et  Hook.  Gen.  PI.  i.  600. 

Fruit  and  Seed. — The  carpels  of  which  the  ovary  is  com- 
posed in  this  Order  vary  from  one  to  many,  and  are  free  or  in 
some  genera  more  or  less  connate  and  adherent  to  the  tubular 
or  variously  concave  receptacle.  A  monocarpellary  type  is 
represented  by  Prunus,  while  a  two-  to  five-celled  ovary  is 
characteristic  of  the  tribe  Pomese. 

Polycarpellary  ovaries  occur  in  Eubus,  Potentilla,  Fragaria, 
Geum,  Spirtea,  Kosa  and  others.    Each  carpel  is  one-celled 
or  spuriously  two-celled.    The  ovules  are  generally  geminate, 
pendulous  and  anatropous,  and  superposed ;  and  in  this  case  the 
raphe  is  ventral  and  the  micropyle  superior.    They  are,  how- 
ever, solitary  in  the  PotentillesB,  Eosete,  Poteriese,  and  Neura- 
de£e.    In  some  cases  they  are  ascending  with  a  dorsal  raphe 
and  inferior  micropyle,  as  in  the  Chrysobalanese,  Quillajeje  and 
others.    Numerous  ovules  occur  in  Pyrus  and  others  of  the 
Quince  type  and  in  Spiraea.    The  fruit  is  extremely  variable, 
being  drupaceous  in  the  Chrysobalanese,  Prunese,  and  Eubeae ; 
in  the  latter  the  torus  is  elevated  and  conical.    It  is  follicular 
in  many  of  the  Spirseete,  consists  of  achenes  in  the  Potentilleae, 
PoteriefE,  and  Eosefe,  and  forms  a  pome  in  the  Pomes.  The 
receptacle  of  Fragaria  is  of  considerable  size  and  pulpy  or 
succulent,  while  in  Eosa '  it  is  urceolate,  fleshy,  and  termed  a 
'  hip,'  while  in  the  Poterieae  it  is  dry,  concave,  cup-shaped  or 
almost  urceolate.    In  the  PomesB  it  is  fleshy  and  adherent 
to  the  ovary ;  and  in  certain  cases  is  capsular,  dehiscing  by 

'  There  is  some  difference  among  botanical  writers  as  to  the  use  of  these 
terms  in  the  Eosacero,  the  concave  receptacle  being  sometimes  regarded  as  part 
of  the  calyx,  and  styled  calyx-tube. 
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valves.  When  greatly  enlarged,  as  in  Fragaria,  Eubus,  Eosa, 
some  species  of  Potentilla  and  others,  the  car^Dels  are  numerous 
and  small.  In  drupaceous  and  pomaceous  fruits  the  endocarp 
is  bony  or  woody,  crustaceous  or  cartilaginous. 

The  seed  is  erect  or  pendulous  in  accordance  with  the 
ovule,  with  a  membranous  or  coriaceous  testa,  occasionally 
winged.  Endosperm  is  wanting  in  most  cases,  but  not  in  all. 
The  embryo  is  almost  absolutely  straight,  with  fleshy  plano- 
convex cotyledons,  resembling  the  almond,  though  in  most 
cases  very  small.  Earely  are  the  cotyledons  large  and  folia- 
ceous.  The  micropyle  is  close  to  the  hilum,  and  the  short 
radicle  points  to  it. 

All  the  seeds  commg  under  notice  are  entirely  exalbu- 
minous,  and  their  embryos  amygdaloid.  They  may  be  classi- 
fied according  to  relative  size,  character  of  the  fruit,  or 
peculiarities  in  the  development  of  the  receptacle.  For 
instance,  the  species  of  Prunus,  including  the  old  genera 
Persica,  Amygdalus,  Ai'meniaca,  Cerasus  and  Laurocerasus, 
all  have  very  large  amygdaloid  embryos  and  a  bony  endocarp, 
and  may  be  considered  as  the  typical  representatives  of  the 
Order  as  far  as  shape  and  general  features  of  the  seed  and 
embryo  are  concerned.  A  very  smaU  type  is  met  with  in 
Spirsea,  and  endosperm  occurs  in  some  genera  belongmg 
to  the  same  tribe,  such  as  Neillia,  Stephanandra,  Gillenia,  and 
Neviusa,  as  well  as  in  Canotia,  Eucryphia,  and  Euphronia 
belongmg  to  the  Quillajeaj. 

The  separate  drupels  of  Eubus  Balfourianus  may  be 
compared  to  those  of  Prunus  on  a  small  scale,  and  similarly 
the  embryo  which  conforms  closely  to  the  shape  of  the  seed 
and  that  agam  to  the  interior  of  the  endocarp  which  is  inde- 
hiscent  and  bony.  The  achenes  of  Potentilla  insignis  are 
laterally  compressed,  ridged  and  somewhat  oblique,  causing 
the  embryo  to  assume  the  same  general  outline  and  the  radicle 
to  be  bent  on  one  side,  a  very  unusual  circumstance  in  the  Order. 
The  fruit  of  the  Poteriese  consists  of  one  to  three  achenes  en- 
closed in  the  concave,  urceolate  or  closed  receptacle.  When 
only  one  achene  is  enclosed  it  conforms  to  the  interior  of  the 
cavity,  but  when  two  or  three  share  the  space  they  are  more 
or  less  angled  by  mutual  pressure.  The  receptacle  of  Agrinionia 
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Eupatoria  is  turbinate  and  terminated  by  a  great  number 
of  hooked  processes.  That  of  Acfena  ovaHfolia  (fig.  318)  is 
small,  elliptic,  and  furnished  below  the  apex  with  two  to  four 
strong,  spine-like  processes  with  barbed  tips.  The  elliptic 
receptacle  of  Acsena  myriophylla  is  covered  all  over  with 
smaller  barbed  processes.  That  of  Poterium  Sanguisorba 
(fig.  320)  is  ovoid  and  smooth.  The  cotyledons  of  all  the 
four  types  belonging  to  the  Poteriese  are  slightly  auricled  at 
the  base  so  as  to  fill  the  space  in  the  seed  whUe  at  the 
same  time  accommodating  the  radicle.  In  the  tribe  Eosese  we 
have  a  higher  development  of  what  occurs  in  the  Poterieae 
unless  we  regard  the  latter  as  degraded  forms  of  the  Piosacese, 
which  is  not  unlikely,  and  is,  indeed,  suggested  by  several 
circumstances  in  addition  to  those  affectmg  the  fruit.  The 
achenes  of  the  different  species  of  Kosa  are  very  numerous  and 
included  in  an  urceolate,  ultimately  baccate  receptacle.  The 
seed  in  the  tribe  Prunese  is  protected  by  a  bony  endocarp ; 
but  in  the  Koseee  the  enlarged  receptacle  only  is  fleshy, 
while  the  whole  of  the  ovary  wall  in  Eosa  is  bony,  suberous, 
or  coriaceous  in  order  to  protect  the  seeds.  The  achenes 
are  covered  with  short  bristly  hahs  along  the  dorsal  sutm-e 
in  many  species.  The  embryo  resembles  the  Almond  in 
miniature,  and  the  seed  being  solitary  in  each  achene 
conforms  to  the  interior  of  the  latter.  The  seeds  and  embryos 
in  the  tribe  Pomete  have  much  in  common  with  all  of  the 
foregoing,  but  they  vary  somewhat  in  different  genera  and 
species  according  to  modifications  of  the  true  fruit  or  walls  of 
the  ovary.  In  Eosa,  as  abeady  noted,  the  achenes  or  fruits  are 
quite  free  from  one  another  and  from  the  surrounding  hollow 
receptacle.  The  carpels  in  the  Pomete  vary  from  two  to  five  and 
are  generally  quite  free  from  one  another  or  ultimately  separ- 
able, but  they  are  closely  adnate  to  or  united  with  the  inner  sur- 
face'of  the  greatly  enlarged,  fleshy  receptacle.  We  find  two 
very  distinct  modifications  of  the  ovary  walls  of  Pyrus.  Those 
of  P.  Malus  are  cartilaginous,  those  of  P.  communis  often 
very  thin  and  easily  broken,  while  in  P.  Aria  this  is 
always  the  case.  P.  germanica  and  Mespilus  grandiflora, 
often  classed  together  under  the  genus  Mespilus,  have  a  bony 
endocarp,  and  the  shape  of  the  seed  is  modified  by  it. 
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This  may  be  seen  by  reference  to  Crataegus  Pyracantha, 
where  a  similar  condition  prevails.  The  globose  fruit  con- 
sists of  five  carpels  surrounded  by  the  fleshy  receptacle. 
The  walls  of  the  carpels  become  greatly  ossified  or,  properly 
speaking,  lignified  and  thickened;  and  seeing  that  each  carpel 
or  pyrene  constitutes  the  fifth  part  of  a  sphere,  they  are 
trigonous  or  wedge-shaped  in  transverse  section,  and  modify 
the  shape  of  the  seed  and  embryo  in  conformity  with  their  own. 
The  loculi  in  the  fruits  of  the  species  of  Pyrus  generally  are 
proportionately  large  so  that  they  do  not  affect  the  shape  of 
the  seed.  In  Pyrus  Cydonia,  P.  japonica,  and  P.  chinensis, 
the  ovules,  and  afterwards  the  seeds,  are  very  numerous  in 
each  loculus,  a  most  unusual  circumstance  in  the  Order. 

Seedlings. —As  in  the  seeds  so  in  the  seedlings  we  find  a 
great  similarity  prevailing  amongst  the  cotyledons  of  different 
species  and  genera  throughout  the  Order.    The  embryo  is 
amygdaloid,  varying  for  the  most  part  in  size,  dependent  upon 
the  size  of  the  seed,  and  that  again  upon  the  size  of  the 
endocarp  or  the  achene.    The  cotyledons  in  the  seedling  stage 
are  nearly  all  of  the  same  general  outline,  varying  between 
oval  and  oblong.    They  are  for  the  most  part  shortly  petiolate 
with  a  slender,  rarely  a  broad  petiole,  and  being  either  thick 
or  opaque  they  do  not  often  exhibit  much  of  the  venation 
beyond  the  midrib.    Those  which  are  more  or  less  deeply 
emargmate  form  a  second  type  ;  while  a  third  form  has  the 
amma  cordate  at  the  base.    Taking  the  type,  which  varies 
between  oblong,  oval,  and  suborbicular,  two  species  might  be 
smgled  out  as  extreme  modifications.    These  are  the  Cherry 
and  Eosa  berberidifolia  (fig.  322).    The  first  has  spathulate- 
oblong,  fleshy,  entire  cotyledons  with  glands  at  the  base.  The 
second  has  narrowly  oblong,  glandular-ciliate  cotyledons  with 
a  rather  broad  petiole.    The  Spiraeas,  having  generally  very 
small  seeds,  have  small  cotyledons.    S.  callosa  (fig.  311)  re- 
presents one  of  the  shrubby  tribe.    The  primary  leaves  are 
smaU  and  vary  from  cuneate  to  broadly  ovate.    The  ultimate 
leaves  are  lanceolate  and  unequally  serrate. 

The  cotyledons  of  Eubus  are  moderately  large,  owintr  to 
the  size  of  the  seed.  Those  of  Eubus  phcenicolasius  (fig.  3'l2^ 
are  shortly  oblong,  while  those  of  K.  rugosus  are  broadly  oval 
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Both  show  a  very  gradual  evolution  of  the  leaves,  but  par- 
ticularly E.  phoenicolasius  where  the  first  is  ovate,  the 
second  and  third  reniform,  and  the  fourth  to  the  seventh 
inclusive  are  oblong-cordate,  and  more  or  less  lobed. 

The  PotentillejB  have  mostly  small  seeds  and  small  cotyle- 
dons, but  some  striking  variations  in  this  respect  may  be  found 
amongst  the  species  of  Geum  as  represented  by  G.  Free- 
montii  (fig.  313)  and  G.  coccineum,  the  latter  of  which 
has  broadly  oblong  trinerved  cotyledons.  G.  urbanum  is 
intermediate  between  these  extremes.  All  have  pinnate  leaves 
ultimately,  while  the  first  one  is  reniform  or  triangular  with 
many  intermediate  forms  in  the  seedling  stage.  The  fourth 
leaf  of  G.  coccineum  is  cordate,  and  the  fifth  lyrate-pinnatifid. 
The  cotyledons  of  all  the  species  of  Potentilla  observed  are 
small  and  vary  from  oval  to  oblong-oval  and  suborbicular. 
As  far  as  the  leaves  are  concerned  two  very  distinct  types  may 
be  noticed,  namely,  those  with  pinnate  leaves  such  as  Potentilla 
anserina  (fig.  316),  P.  fulgens  (fig.  315),  and  P.  bifurca  (fig. 
317)  and  those  with  digitate  leaves  represented  by  P. 
argyrophylla  and  P.  reptans  (fig.  314).  The  species  of  Eosa 
conform  to  the  general  type  in  having  oval  or  oblong  cotyle- 
dons. E.  berberidifoha,  as  already  mentioned,  is  an  extreme 
type  The  cotyledons  are  generally  moderately  large,  and  m 
E  moschata  this  is  particularly  the  case;  they  are  also 
minutely  emarginate,  trinerved  and  ciliate.  All  the  leaves 
of  E.  berberidifoha  are  cuneate,  simple  and  doubly  serrate. 
The  first  three  of  E.  moschata  are  trifoholate.  More  typical 
examples  are  met  with  in  E.  rugosa  and  E.  macrocarpa. 
The  cotyledons  are  oval,  the  first  leaf  cuneate  and  smiple, 
the  second  trilobed  or  trifoholate,  while  a  number  of  succeedmg 

ones  are  trifoholate. 

The  members  of  the  tribe  Pome©  have  moderately  large 
cotyledons  varying  from  oblong-oval  to  obovate  in  conformity 
to  the  seeds  containing  them.  They  are  generally  very  shoxi^ 
petiolate,  sometimes  subsessile,  and  more  or  less  evideii^^ly 
trinerved  though  rather  opaque.  Pyrus  Aucupana  (fig.  3.3 
shows  the  trinerved  character.  The  first  leaf  is  ovate  and 
trifid ;  the  second  tripartite,  and  succeedmg  ones  pinnate. 
The  cotyledons  of  Crateegus  Oxyacantha  (fig.  824)  and 
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mexicana  are  also  trinerved.  The  primary  leaves  of  the 
first  named  are  trifid,  gradually  increasing  in  size;  the 
first  two  of  the  latter  are  oblong,  succeeded  by  two  other 
oblong-elliptic  ones.  The  cotyledons  of  Cotoneaster  Simonsii 
(fig.  325)  agree  strictly  with  the  type.  The  leaves  are  ovate 
and  entire  from  the  first  to  those  of  the  adult. 

The  second  group  includes  a  number  of  species  belonging 
to  different  genera,  the  cotyledons  of  which  do  not  differ 
materially  from  those  of  the  last  group  except  in  being  more 
or  less  deeply  emarginate.    This  type  is  well  represented  by 
Spn-£ea  opuhfoha,  having  oblong-obovate,  emarginate  coty- 
ledons.    The  first  leaf  is  broadly  ovate,  succeeded  by  two 
broader   tnfid   ones;   aU   are  palmately  trinerved.  The 
cotyledons  of  Agrimonia  viscidula  are  transversely  oblong  or 
suborbicular,  rather  deeply  emarginate,  and  cordate  at  the 
base.    The  first  leaf  is  cordate-orbicular,  and  the  second  one 
pmnately  trifoliolate.    The  cotyledons  of  Eucryphia  cordifolia 
are  broadly-oblong,  trinerved,  but  very  shghtly  emarginate. 
ine  mst  four  leaves  are  oblong.     Eosa  moschata  might 
have  been  placed  here,  but  its  cotyledons  are  only  slightlv 
emargmate.     The  same  might  be  said  of  Eubus  thyrsoi- 
deus    which  has  broadly  oblong  or  oval,  minutely  emar- 
gmate, glandular-ciliate  cotyledons.    The  first  three  or  four 
leaves  are  broadly  ovate,  and  others  show  gradual  evolution 
_    The  most  distinct  divergence  from  the  type  is  that  found 
in  a  number  of  closely  allied  plants  constituting  the  tribe 
Poterie^e,  and  therefore  forming  a  very  natural  group  The 
cotyledons  are  broadly  oblong  and  short,  or  oblong-orbicular 
deeply  notched  or  cordate  at  the  base,  slightly  emarginate' 
and  petiolate.    This  type  is  well  exemplified  in  Ac^na  mvrio- 
phyUa  Cfig.  319).    The  first  leaf  is  pinnately  five-foliolate,  and 
t^e  ultimate  leaves  pinnate,  pinnatisect  with  linear  or  sub 
ulate  acute  segments.    To  this  may  be  added  A.  ovalifoha 
Agrimonia  Eupatoria,  and  Poterium  Sanguisorba  (fig  321)' 
Ihe  latter  shows  numerous  incurved,  slender  veins  proceed 
mg  from  the  midrib  of  the  cotyledons.    The  two  primarv 
leaves  are  trifoliolate,  the  ultimate  ones  imparipinnate  with 
numerous  orbicular  or  shortly  oblong,  deeply  toothed  leaf- 
lets.    The  basal  notch  is  due  to  the  cotyledons  becoming 
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prolonged  at  the  base  in  order  to  occupy  the  available  space 
in  the  bluntly  pointed  upper  end  of  the  seed,  while  they  at  the 
same  time  accommodate  the  stout  radicle  in  the  sinus.  Alche- 
milla  aphanoides,  also  belonging  to  the  Poteries,  has  oval, 
obtuse,  entire,  petiolate  cotyledons,  with  the  petioles  connate 
and  sheathing  at  the  base,  and  therefore  agrees  with  the  pre- 
vailing type  of  cotyledon 
in  the  Order  rather  than 
with  its  allies.    The  first 
leaf  is  trifid  with  entne 
segments ;     the  second 
more  deeply  so  with  the 
middle   lobe    tridentate ; 
and  the  next  three  are 
tripartite  with  cuneate, 
variously    toothed  seg- 
ments^; 

Spiraea  callosa,  Thunb. 
var.  (fig.  311). 

Primary  root  slender, 
flexuous,  gi%dngoff  secondary 
rootlets,  yellowish. 

HyiJocotyl  erect,  terete, 
or  ascending,  short,  glabrous, 
pale  green,  3-6  mm.  long, 
very  slender. 

Cotyledons  small,  petio- 
late, glabrous,  pale  green ; 
lamina  2-5  mm.  long,  1*5 
mm.  broad  ;  petiole  1*5  mm. 
long. 

Stem    shrubby,  wu7 
erect,   flexuous,  pubescent 
with  upcurved  and  incurved  hairs,  pale  green,  soon  becoming 
yellowish,  ultimately  brown ;  1st  internode  1-25  mm.  long ;  ^na 


Fig.  811.— SpircBa  callosa.    Nat.  size. 


2  mm.  ;  3rd  5  mm. 


4tb  7  mm. ;  5tb  7  mm. ;  Gtb  1  cm. ;  7th 

6-5  mm. ;  8th  5  mm.  , 

Leaves  simple,  cauline,  alternate,  exstipulate,  petiolate,  sparsely 
pubescent,  ultimately  subglabrous  except  on  the  prnicipal  nerves  ana 
the  margin;  stipules  obsolete  or  very  caducous;  petioles  sliori, 
sballowly  channelled  on  the  upper  side,  pubescent. 
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No.  1.  Small,  cnneate,  tridentate. 

Nos.  2  and  3.  Cuneate  and  serrate  along  the  upper  half. 
No.  4.  Subelhptic,  cuneate  at  the  base,  serrate  along  the  upper 
half. 

No.  6.  Elliptic-cuneate,  unequally  serrate  along  the  upper  half. 

No.  6.  Broadly  ovate,  obtuse,  becoming  doubly  serrate  along 
great  part  of  its  length,  somewhat  obHque  at  the  base  and  scarcely 
cuneate,  subtrinerved. 

No.  7.  Ovate,  becoming  doubly  serrate,  subtrinerved. 

No.  8.  Broadly  ovate,  obtuse  or  subacute,  becoming  doubly  serrate. 

Ultimate  leaves  lanceolate,  acuminate,  serrate  and  doubly  so 
above  the  middle,  with  numerous  ascending  nerves,  reticulate,  deep 
green  above,  glaucous  beneath,  subglabrous  except  on  the  margins 
and  principal  nerves. 

Spiraea  opulifolia,  L. 

Hypocohjl  erect,  terete,  glabrous,  green  or  reddish,  5-7  mm. 
above  the  soil,  and  becoming  stouter  upwards. 

Cotyledons  oblong-obovate,  emarginate,  with  two  pairs  of  alter- 
nate, ascending,  branching  nerves,  the  uppermost  incurving  and 
unitmg  with  the  midrib  mader  the  apical  sinus,  petiolate,  glabrous, 
rather  opaque,  and  showing  the  venation  best  by  transmitted  lic^ht  ' 
lamma  horizontal  or  decurved,  5-6-26  mm.  long,  3-4  mm  wide  ' 
petiole  ascending  or  suberect,  channelled  above,  slightly  convex  on 
the  back,  shghtly  connate  at  the  base,  about  1  mm.  long. 

Stem  erect,  two-edged  or  two-winged  by  the  decurrent  edges  of 
the  petioles,  pale  green,  soon  becoming  brown,  glabrous,  ultimately 
shrubby  ;  1st  internode  2-25-6-25  mm.  long  ;  2nd  4-5  mm. 

Leaves  shuple,  cauhne,  alternate,  stipulate,  petiolate,  alternately 
or  suboppositely  penninerved,  with  the  nerves  runnmg  straight  into 
the  tips  of  the  lobes,  glabrous  and  bright  green  above,  paler  beneath 
shmmg  when  young ;  petioles  semiterete,  channelled  above,  widening 
upwards  slightly  winged  at  the  edge  on  the  upper  half,  glabrous 
stipules  half-ovate,  acuminate,  serrated  on  the  posterior  side,  attached 
to  the  very  base  of  the  petiole. 

No.  1    Broadly  ovate,  obtuse,  palmately  trinerved,  dentate- 
serrate,  with  obtuse,  gland-tipped  teeth. 

Nos  2  and  8.  Trilobulate,  dentate-serrate  with  obtuse,  gland- 
tipped  teeth,  palmately  trinerved  with  strong  alternate  nerves  above. 

Eucryphia  cordifolia,  Cav. 
T^mT''^'^^  ^"""^^  P^^bescent,  1-5-2  cm.  long, 
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Cotyledons  coriaceous,  slightly  emarginate,  broadly  oblong  or 
oval,  shortly  petiolate,  minutely  pubescent,  dark  green  above,  tmged 
with  red  beneath,  trinerved.  _ 

Stem  erect,  terete,  herbaceous  at  first,  pubescent ;  1st  mternode 
2-3  mm.  long  ;  2nd  5-6  mm. 

First  leaves  simple,  cauline,  opposite,  oblong,  acute,  serrate, 
shortly  petiolate,  stipulate,  pubescent,  glabrous  beneath,  light  green 
above,  subglaucous-green  or  tinged  with  red  beneath,  piimatmerved ; 
venation  very  distinci;  on  the  under  side. 

Eubus  phoenicolasius,  Maxim,  (fig.  312). 

Hypocotyl  erect,  terete,  sparsely  glandular-pubescent  or  subgla- 
brous,  green,  soon  becoming  brown  and  suffrutescent,  5-7  mm.  above  , 
the  soil.  f 


Fig.  sn.—Buhus  phoenicolasius.    Nat.  size. 


Cotyledons  petiolate,  sparsely  glandular-hau-y  ;  -^^^^^^ 
oblong,  obtuse,  7  mm.  long,  4-5  mm.  broad  ;  petiole  slendei,  tapoimg 
to  a  broadish  base,  channelled  above,  3-5  ^J"^^- lo"g- 

Sicmsuffrutescent,  erect  at  first,  terete,  glandular-hauy,  ul  mate  ) 
8-12  feet  long  ;  1st  internode  undeveloped ;  2nd  1  mm.  long ,  3rd 
1  mm. 
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Leaves  at  first  simple,  ultimately  trifoliolate,  cauline,  alternate, 
stipulate,  petiolate,  glandular-hairy  on  both  surfaces,  felted  beneath 
with  a  white  tomentum,  penninerved  with  alternate  or  subopposite 
nerves ;  petioles  semiterete,  channelled  above,  densely  glandular- 
hairy  and  glandular-setose,  the  hairs  and  setfe  of  a  reddish-purple 
hue  ;  stipules  slender,  subulate,  attenuate,  glandular-hairy. 

No.  1.  Small,  ovate,  tridentate,  trinerved. 

No.  2.  Reniform,  five-nerved,  dentate. 

No.  3.  Rotund-cordate,  obtuse,  irregularly  dentate. 

No.  4.  Cordate,  irregularly  or  doubly  dentate. 

No.  5.  Cordate,  acute,  doubly  dentate. 

Nos.  6  and  7.  Oblong-cordate,  acute,  doubly  dentate  or  sub- 
lobulate  with  acute  teeth. 

Ultimate  leaves  puinately  trifoliolate,  pubescent  and  dark  green 
above,  felted  with  white  tomentum  beneath,  glandular-hairy  and 
setose  on  the  principal  nerves  ;  terminal  leaflet  very  large,  rotimd- 
cordate,  acuminate,  trifid  and  doubly  dentate-serrate,  strongly  penni- 
nerved, much  reticulate  with  the  stronger  nerves  running  into  the 
lobes  or  large  teeth  ;  lateral  leaflets  broadly  ovate,  subacuminate, 
deeply  dentate-serrate,  obhque  on  the  posterior  side,  smaller  but 
otherwise  like  the  termuial  one,  rather  unequal  but  not  cordate 
at  the  base. 

Leaves  on  the  flowering  branches  similar  to  the  above,  but  gra- 
dually becoming  smaller  in  size  as  the  inflorescence  is  approached ; 
petioles  terete,  very  narrowly  channelled  on  the  upper  side,  densely 
glandular-hairy  and  setose  ;  stipules  subulate  or  linear,  attenuate, 
slender,  shortly  adnate  to  the  petioles. 

Rubus  rugosus,  Sm. 

Primary  root  tapering,  slender,  soon  becoming  wiry,  and  giving 
off  numerous  strong  as  well  as  small  lateral  fibres. 

Hypocotyl  terete,  suffrutescent,  thickened  upwa,rds,  glandular- 
hairy,  9  mm.  long. 

Cotyledons  shortly  and  broadly  oval,  glandular-hairy  on  the 
margin,  otherwise  glabrous,  and  similar  to  last  species. 

Stem  as  in  last  species,  glandular-setose ;  1st  internode  unde- 
veloped ;  2nd  1-5  mm.  long ;  3rd  6-5  mm. ;  4th  3  mm. 

Leaves  simple,  coarsely  hairy  on  both  sides  and  glandular-setose 
on  the  nerves  and  petioles  ;  stipules  free,  hnear,  coarsely  hairy. 

No.  1.  Subtriangular,  coarsely  dentate-serrate. 

No.  2.  Cordate,  coarsely  dentate-serrate. 

No.  3.  Cordate,  lobulate,  and  coarsely  dentate-serrate,  palmatelv 
tnnerved.  ^ 
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No.  4.  Cordate  elongated,  lobulate  but  scarcely  pinnatifid,  coarsely 
serrate  with  mucronate  serratures,  palmately  five-nerved. 

Ultimate  leaves  simple,  palmately  five-  to  seven-lobed  and  -nerved, 
cordate  at  tlie  base,  closely  covered  with  bulbous-rooted  hairs  ;  lobes 
deltoid,  acute  or  obtuse  and  more  or  less  rounded,  acutely  and  more 
or  less  doubly  serrate. 

Geum  Freemontii,  Sort.  (fig.  313). 

Primary  root  slender,  tapering,  brownish,  with  fibrous  lateral 
rootlets,  perennial, 

Hypocotyl  tapering,  whitish,  glandular-hairy,  4  mm,  long. 

Cotyledons  small,  glandular-pubescent,  lamina  2"75  mm.  long, 
2  mm.  broad ;  petiole  2-5  mm.  long,  dilated  and  sheathing  at  the  base. 

Stem  herbaceous. 

Leaves  radical,  simple,  ultimately  imparipinnate,  alternate,  stipu- 
late, petiolate,  glandular-hairy  with  hairs  of  very  unequal  length  ; 
petioles  slender,  channelled  above,  and  sheathing  by  means  of  the 
stipules  ;  stipules  wholly  adnate  to  the  petiole  by 
one  side. 

No.  1.  Eeniform,  palmately  five-nerved,  with 
rounded  or  obtuse  teeth. 

No.  2.  Rotund-cordate,  palmately  seven-nerved 
and  -fid,  with  suboval,  mucronate  lobes. 

No.  3.  Cordate,  palmately  seven-nerved  and  -fid,  , 
with  oblong-ovate,  mucronate  lobes. 

Ultimate  leaves  imparipinnate,  oblanceolate 
in  outline,  hairy  on  both  sides,  Hght  green  above, 
paler  beneath ;  leaflets  gradually  becoming  smaller 
Pig.  813.        ^-^^^  tj^g  apex  of  the  leaf  towards  the  base  with 
Gmm  Freemontii.    ^^^^^^^^^1  mmvA,^,  lanceolate,  entire  ones  mter- 

JNBiu*  SlZGt  ^  1      *  4.^ 

posed,  deeply  incise-serrate,  cut  or  subpmnau- 
fid  especially  on  the  basal  posterior  side,  with  alternate,  strong 
nerves  running  into  the  lobes  and  teeth ;  terminal  leaflet  elliptic ; 
the  pair  below  that  obhquely  ovate,  cut  away  on  the  anterior  basal 
side  ;  below  this  the  leaflets  are  ovate,  then  rotund-ovate,  gradually 
becoming  rotund  and  cuneate  at  the  base ;  petiole  semiterete,  chan- 
nelled on  the  upper  side ;  stipules  hyaline,  eihate,  adnate  to  the 
petiole,  with  ovate,  acute,  free  points. 

The  cotyledons  of  G.  urbanum  resemble  those  of  G.  Freemontu. 

Geum  coccineum,  Sihtli.  et  Sm. 

Primary  root  and  hypocotyl  very  similar  to  those  of  last  species, 
but  larger  and  flexuous. 
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Cotyledons  hairy ;  lamina  broadly  oblong,  obtuse,  8  mm.  long, 
6  mm.  broad  ;  petioles  thin,  grooved,  dilated  and  connate  at  the  base. 

Stem  herbaceous  and  always  short,  ultimately  developing  a  flower- 
stem. 

Leaves  radical,  hairy  all  over ;  petioles  channelled  above, 
semiterete  ;  stipules  mostly  adnate  to  the  petiole. 

No.  1.  Triangular,  obtuse,  crenate-serrate. 

No.  2.  Eeniform,  crenate-dentate,  three-  to  five-nerved. 

No.  3.  Eotund-cordate,  palmately  five-nerved,  crenate-dentate. 

No.  4.  Cordate,  obtuse,  crenate-dentate,  palmately  five-nerved, 
faintly  lobulate,  with  a  small  isolated  lobe  on  the  petiole. 

No.  5.  Lyrate-pinnatifid  ;  terminal  lobe  cordate,  obtuse,  lobulate  ; 
lateral  segments  small,  irregular  in  size  and  shape. 

Ultimate  leaves  lyrate-pinnatifid. 

Potentilla  reptans,  L.  (fig.  314). 

Hypocotyl  mostly  subterranean,  tapering  into  the  root,  short. 

Cotyledons  rotund,  glabrous  ;  3  mm.  in  length  and  breadth  ; 
petiole  channelled  above,  2-25  mm.  long. 

Stem  never  developing,  but  throwing  out  long  axillary  branches 
or  runners,  bearing  rosettes  of  leaves  at  definite  points  which  re- 
produce the  plant  vegetatively. 

Leaves  compound,  digitate  (first  two  small,  simple),  radical  and 
cauhne,  hairy  on  both  sides  ;  leaflets  with  alternate,  ascending  nerves 
running  into  the  teeth  ;  petioles  subterete,  channelled  above,  dilated 
at  the  base,  hairy,  reddish  at  the  base  and  green  upwards  ;  stipules 
adnate  to  the  petiole  for  two-thirds  their  length,  reddish,  hairy  with 
ovate,  acuminate  free  points. 

No.  1.  Simple,  reniform,  three-  to  five-nerved,  toothed. 

No.  2.  Rotund-reniform,  subtruncate  at  the  base,  three-  to  five- 
nerved,  deeply  toothed. 

Nos.  3-6.  Digitately  trifoliolate  ;  terminal  leaflet  cuneate,  bluntly 
and  rather  deeply  toothed  on  the  upper  half  ;  lateral  leaflets  obhquely 
cuneate,  and  toothed  like  the  terminal  or  subbifid,  with  two  strong 
nerves  foreshadowing  further  division  on  the  posterior  or  basal 
side. 

Ultimate  leaves  digitately  or  subpedately  five-foliolate,  hairy 
on  both  surfaces  as  well  as  the  petioles,  very  variable  in  their  size 
according  to  the  conditions  of  cultivation ;  leaflets  oblanceolate, 
sen-ate,  or  in  vigorous  specimens  oblanceolate-oblong,  coarsely  incise- 
serrate  ;  basal  pair  obtained  by  fission  from  the  middle  pair,  to  the 
petiolules  of  which  they  remain  attached  ;  stipules  attached  to  the 
petiole  for  half  their  length,  with  subulate,  acuminate,  free  points. 
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Potentilla  fulgens,  Wall  (fig.  315). 
Hypocotyl  subterranean. 


Cotyledons  small,  oval  or  obovate,  2-5  mm.  long,  2  mm.  broad  ; 
petiole  channelled  above,  1-5  mm.  long. 

Stem  herbaceous  and  elongated  when  about  to  flower.  No 
runners  present. 
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Leaves  mostly  radical,  compound  (except  a  few  primary  ones), 
alternate,  hairy  all  over  ;  petioles  semiterete,  channelled  above ; 
stipules  hyaline  and  thin,  with  a  green  nerve,  adnate  to  the  petiole 
for  about  three-fourths  of  their  length,  with  ovate,  acute,  free  points, 
hairy. 

No.  1.  Simple,  rotund-ovate,  dentate-serrate. 

No.  2.  Simple,  rotund,  truncate  at  the  base,  dentate-serrate. 

No.  3.  Ternate  ;  lateral  leaflets  oblong,  subdimidiate,  serrate  on 


Pig.  zn.—Potentilla  fulgens.   Nat.  size. 

the  posterior^feide,  and  almost  entire  on  the  anterior  side,  subsessile  ; 
terminal  leaflet  cuneate,  serrate  at  the  apex. 

No.  4.  Five-foUolate ;  basal  pair  of  leaflets  small,  distant  from 
the  rest,  lanceolate,  acute  ;  the  other  three  similar  to  those  of  No.  8, 
but  a  little  more  serrate. 

No.  5.  Seven-foliolate ;  basal  pair  small,  unequal,  subalternate, 
one  lanceolate,  acute,  the  other  subovate  and  trifid  ;  next  pair  small, 
ovate,  serrate  ;  terminal  three  similar  to  those  of  No.  4, 

No.^  6.  Eleven-foliolate  ;  terminal  three  large,  oblong,  serrate  • 
the  pair  next  below  minute,  lanceolate,  acute,  entire ;  next  pair 
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larger,  ovate,  serrate  ;  4tli  pair  below  terminal  leaflet  small,  ovate, 
serrate  ;  basal  pair  minute,  lanceolate. 

No.  7.  Eleven-foliolate ;  second  pair  below  the  terminal  leaflet 
very  small,  lanceolate,  acute,  entire.  All  tlie  others  serrate  and 
decreasing  in  size  from  the  terminal  one  downwards. 

Ultimate  leaves  long,  linear-lanceolate,  imparipinnate  with  very 
numerous  leaflets,  generally  opposite  in  the  upper  part  of  the  leaf 
and  alternate  lower  down,  silky  on  both  sides  ;  many  of  the  upper- 
most leaflets  decurrent  on  the  rachis  by  their  posterior  basal  side, 
oblong,  serrate  with  long,  subulate,  acute,  serratures  ;  middle  ones 
smaller  and  not  decurrent ;  lower  ones  gradually  becoming  smaller 
towards  the  base,  ovate  and  serrate,  or  the  lowermost  minute,  lanceo- 
late, acute,  entire  ;  stipules  hyahne  and  hairy,  one-nerved,  attached 
for  some  distance  to  the  petiole,  with  the  fi'ee  part  oblong- subulate, 
acute. 

Potentilla  argyrophylla,  Wall. 

Hypocotyl  3-5  mm.  long,  ■5--75  mm.  thick,  sparsely  pubescent. 
Cotyledons  similar  to  those  of  P.  reptans,  but  rotund-oval. 
Siem  herbaceous,  deciduous, 

Leaves  radical,  toothed,  lobed  or  ternate,  or  digitately  five-folio- 

^^^^No.  1.  In  weak  seedlings  trifid,  in  stronger  ones  five-fid,  pale 
green  above,  and  sparsely  hairy,  subglabrous  below  and  pale, 
almost  glaucous ;  lobes  obtuse,  mucronate  ;  petiole  terete,  shghtly 
channelled  above,  sparsely  hairy ;  stipules  adnate  throughout  then- 
length  to  the  petiole,  and  sheathing  the  younger  leaves. 
No  2.  Five-  to  seven-fid,  palmately  five-nerved. 
No.  3.  Seven-  to  nine-fid,  and  similarly  palmately  nerved,  more 
densely  clothed  with  long  silky  hairs.  .  v  i  . 

Ultimate  leaves  digitately  three-  to  five-,  rarely  seven-foholate, 
pale  green  and  silky  above,  felted  with  white  tomentum  beneath; 
leaflets  obovate  or  more  often  oval,  acutely  and  deeply  serrate,  basal 
pair  obtained  by  fission  from  the  middle  pair  ;  when  seven  leaflets 
are  present,  the  three  terminal  ones  are  obtained  by  fission  of  the 
original  one  into  three,  and  the  uppermost  pair  are  attached  by  then 
Avhole  width  to  the  primary  midrib.  -,    .   .  ,i 

Eadical  leaves  with  small  scarious  stipules  adnate  to  the  lo  „ 
petioles  for  a  great  part  of  their  length  ;  cauline  leaves  with  gradually 
shortening  petioles,  the  uppermost  almost  sessile,  and  havmg  laige, 
fohaceous,  toothed  stipules. 
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Potentilla  anserina,  L,  (fig.  316). 

Primary  root  tapering,  wiry,  with  short  lateral  rootlets,  sub- 
flexuous. 

Hijimcotyl  short,  tapering  indistinguishably  into  the  root. 

Cotyledons  small,  oval,  obtuse,  glabrous,  3"5  mm.  long,  2-25  mm. 
broad ;  petiole  flattened  above  or  slightly  grooved,  convex  beneath, 
3  mm.  long. 

Stem  short,  herbaceous,  throwing  off  procumbent,  stoloniferous 
flowering  branches. 

Leaves  compound  (No.  1  simple),  radical,  green  above  and  hairy 
in  a  young  state,  more  or  less  densely  silky  and  silvery  below  and 
on  both  surfaces  in  the  adult,  very  densely  beneath  ;  petioles  semi- 
terete,  channelled  above,  silky,  ultimately  densely  so ;  stipules 
adnate  to  the  petiole  for  two-thirds  of 
their  length,  and  connate  throughout 
the  other  third,  forming  a  sheath  around 
the  bud  or  next  younger  leaf,  ultimately 
splitting  and  becoming  lacerated  along 
their  edges  on  the  side  of  the  bud  or 
leaf  opposite  to  the  leaf  to  which  they 
belong,  pale  brown,  scarious,  glabrous 
or  thinly  hairy. 

No.  1.  Keniform-triangular,  rounded 
at  the  base,  obscurely  five-nerved,  three-, 
five-,  to  seven-toothed. 

No.  2.  Subpinnately  or  digitately  tri- 
foliolate.  E'lo.         Potentilla  anserina. 

No.  3.  Pinnately  five-foholate  ;  basal  ^^^^ 
pair  of  leaflets  much  the  smallest,  deeply  tridentate  ;  terminal 
leaflet  oval,  incise-dentate,  or  serrate. 

No.  4.  Pinnately  seven-foliolate ;  leaflets  incise-serrate,  decreasing 
in  size  from  the  terminal  three  to  the  basal  pair,  which  are  small 
and  three-  to  four-toothed. 

No.  5.  Interruptedly  pinnate  ;  leaflets  incise-serrate  except  the 
miniature  ones ;  terminal  leaflet  oval,  next  pair  oblong,  next  pair 
minute,  lanceolate,  aristate,  entire ;  fourth  pair  from  apex  oblong, 
then  a  minute  leaflet,  then  an  ovate  pair,  and  at  the  base  two  minute 
ones. 

Ultimate  leaves  obovate-oblong  or  oblong,  interruptedly  impari- 
pinnate,  with  numerous  alternate  and  opposite  leaflets,  which  attain 
their  maximum  size  above  the  middle  of  the  leaf,  and  are  smallest 
at  the  base  with  the  exception  of  the  miniature  intermediate  ones. 
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which  are  entire  or  incise-serrate  according  to  their  size  ;  terminal 
three  leaflets  imperfectly  divided  at  the  base  and  decurrent  on  the 
primary  midrib,  acutely  incise-serrate  ;  middle  ones  and  all  the 
larger  oblong,  rounded  at  the  apex,  deeply  and  acutely  incise-ser- 
rate. 

Potentilla  bifurca,  L.  (fig.  317). 

Primary  root  fleshy  and  stout,  suddenly  tapering  to  a  long 
slender  point,  and  throwing  off  numerous  branching  adventitious 
rootlets. 

Hypocotyl  scarcely  developed. 

Cotyledons  small,  ovate-oblong,  very  obtuse,  glabrous,  4-5  mm. 

long,  3-5  mm.  broad ;  petiole  dilated, 
sheathing  at  the  base,  4-5  mm.  long. 
Stem  herbaceous. 
Leaves  simple,  more  or  less  pin- 
nati-fid  or  -sect,  radical  when  the  plant 
is  young,  sparsely  hairy  on  both  sm-- 
faces,  bright  green  above,  paler  be- 
neath ;  petioles  subterete,  flattened 
above  or  subchannelled,  hau-y,  pale 
green ;  stipules  adnate  to  the  petiole 
nearly  to  the  top,  strongly  cihate  at 
the  margin,  colourless,  with  an  ovate- 
acute  greenish  tip. 

No.  1.  Rotund,  shallowly  trifid. 
No.  2.  Similar,  larger,  more  deeply 
trifid. 

No.  3,  Ternately  pinnatisect ; 
lateral  lobes  oval,  obtuse;  terminal 
lobe  cuneate,  trifid. 

No.  4.  Similar  to  No.  3,  but  larger, 
deeply  bifid  on  the  posterior  side,  with 


Fig.  317. — Potentilla  bifurca. 
Half  nat.  size. 


and  the  lateral  lobes  oblique, 
a  tooth  on  the  anterior  side. 

No  5.  Pinnately  five-foliolate  ;  basal  pair  of  lobes  small,  ovate, 
entire ;  middle  pair  of  lobes  obhquely  trifid ;  terminal  lobe  large, 
cuneate-oblong,  pinnatifid. 

No.  6.  Bipinnatisect  with  narrowly  oblong,  obtuse,  entire  segments. 

Alchemilla  aphanoides,  Mutis. 

Primary  root  very  long  and  branching  freely. 

Hypocotyl  terete,  glabrous,  4-6  mm.  long. 

Cotyledons  oval,  obtuse,  entire,  glabrous,  petiolate  ;  lamina  2-5 
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8  mm.  long,  2-2-25  mm.  wide  ;  petiole  flattened  above,  connate  and 
sheathing  at  the  base,  l*5-2  mm.  long. 

Stem  herbaceous,  erect  with  the  lower  internodes  scarcely  at  all 
developed,  thinly  and  coarsely  hairy. 

Leaves  radical  and  cauhne,  alternate,  palmately  nerved  and 
divided,  ciliate,  sparsely  pilose  or  almost  glabrous,  pale  glaucous- 
green  above,  paler  and  glaucous  beneath  ;  stipules  adnate  to  the 
petiole  for  more  than  half  their  length,  with  the  free  portion  subulate, 
acute,  cihate,  green,  sheathing  the  stem  ;  petiole  channelled  above, 
thinly  hairy. 

No.  1.  Trifid  with  entire  segments. 

No.  2.  More  deeply  trifid,  with  its  terminal  segment  cuneate  and 
trifid,  and  the  lateral  ones  bifid. 

No.  3.  Tripartite,  with  the  lateral  segments  more  divided  and 
toothed. 

Nos.  4  and  5.  Tripartite  with  cuneate  segments  ;  terminal  one 
trifid  and  cut  with  obtuse  segments  ;  lateral  ones  unequally  bifid 
and  vaxiously  cut. 

Agrimonia  viscidula,  Bunge. 

Primary  root  long,  tapering,  colourless,  giving  off  strong  lateral 
fibres. 

Hypocotyl  extremely  short,  subterranean,  colom^less,  glandular- 
pubescent. 

Cotyledons  transversely  oblong  or  suborbicular,  rather  deeply 
emarginate,  cordate  at  the  base,  petiolate,  thickened  and  rather 
fleshy,  glandular-pubescent  on  both  surfaces  and  on  the  petiole,  green 
above  with  an  indistinct  indication  of  three  nerves,  whitish  under- 
neath and  gibbous  with  three  or  four  incurved  nerves  on  each  side 
of  the  midrib  ;  lamina  5-6-5  mm.  long,  6-7'5  mm.  wide  ;  petiole 
channelled  on  the  upper  side,  connate  at  the  base,  6-7-25  mm. 
long. 

Stevi  herbaceous,  erect,  terete,  hairy  and  glandular-pubescent ; 
1st  internode  undeveloped;  2nd  1-8  cm.  long,  or  shorter,  varying 
as  the  seedlings  are  more  or  less  crowded. 

Leaves  compound  (No.  1  simple)  radical  and  cauline,  alternate, 
penninerved,  coarsely  hairy  and  rather  densely  glandular  on  both 
surfaces  ;  glands  sessile ;  petiole  channelled  on  the  upper  surface, 
semiterete  ;  stipules  in  the  seedling  ovate,  obtuse,  hairy  and  gland- 
ular. 

No.  1.  Simple,  orbicular,  cordate  at  the  base,  radiately  nerved 
shallowly  lobed  or  coarsely  toothed  with  the  teeth  numerous  and 
tipped  with  a  mucro. 
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No.  2.  Pinnately  trifoliolate  ;  terminal  leaflet  obovate,  cuneate, 
coarsely  serrate  ;  lateral  leaflets  unequally  or  obliquely  ovate. 

Acsena  ovalifolia,  Buiz  et  Pav.  (fig.  818). 
Pistil  apocarpous,  superior,  of  one  carpel  which  is  one-celled, 
one-ovuled;  ovule  pendulous  from  near  the  apex  of  the  ventral 
suture,  anatropous  ;  radical  superior. 

Fruit  an  achene,  oblong-fusiform,  enclosed  in  the  receptacle 

which  grows  up  around  it,  one-seeded,  in- 
dehiscent,  glabrous,  dark-coloured ;  recep- 
tacle obovoid  or  obconical,  much  narrowed 
to  the  base,  and  again  contracted  at  the 
orifice  enclosing  the  fruit,  tipped  with  the 
small  persistent  calyx-teeth,  subtetragonal 
and  produced  at  its  upper  end  into  two 
to  four  unequal  spine  -  like  appendages 
tipped  with  small  reversed  barbs,  glabrous, 
loosely  reticulate,  dark  brown. 

Seed  conforming  to  the  interior  of  the 
achene,  oblong,   suddenly  tapered  to  a 
conical  point  just  above  its  greatest 
diameter,  which  is  considerably  above  its 
middle,  pale   straw-coloured,  glabrous; 
testa  thin,  membranous  ;  micropyle  and 
hilum  contiguous,  inconspicuous,  basal, 
superior ;  raphe  forming  a  slender,  shghtly 
darker   line  passing  along  one  side ; 
chalaza  apical  and  inferior,  forming  a 
brown  spot  on  the  lower  end  of  the  seed. 
Endosperm  absent. 
Embryo  straight,  filling  the  whole  of 
the  interior  of  the  seed,  colourless  ;  coty- 
ledons oblong,  obtuse,  entire,  minutely 
auricled  at  the  base,  plano-convex  with 
their  edges  generally  to  the  two  larger 
spines  of  the  pericarp,  but  sometimes 
obliquely  to  them ;  radicle  turbmate  or  shortly  conical,  obtusely 
pointed,  lying  in  the  conical  tip  of  the  seed,  about  a  third  or  a 
quarter  as  long  as  the  cotyledons. 

Acsena  myriophylla,  Lindley  (fig.  819). 
Primary  root  simple,  tapering. 

Hypocotyl  mostly  subterranean,  terete,  glabrous,  colourless  below 
and  green  where  exposed,  7-9  mm.  long. 


Pig.  318. — Acana  ovalifolia, 
X 10.  Longitudinal  section 
of  the  fruit :  Ac,  achene  ; 
T,  testa;  Ch,  chalaza;  S, 
small  empty  space ;  A,  au- 
ricle; S,  barbs  or  bristle- 
like appendages. 
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Cotyledons  shortly  and  broadly  oblong,  or  oblong-orbicular,  ob- 
tuse, deeply  cordate  at  the  base,  petiolate,  mmutely  emarginate, 
radiately  seven-nerved  from  the  base,  the  two  upper  lateral  nerves 
incurved  and  uniting  with  the  midrib  at  the  apex,  finely  reticulate 
(venation  seen  by  transmitted  light  only)  deep  opaque  green  above, 
paler  beneath,  glabrous  ;  lamina  4-5  mm.  long,  3-5-4-5  mm.  wide  ; 
petiole  semiterete,  channelled  above,  subperfohate  at  the  base,  thinly 
and  minutely  hairy,  7-9  mm.  long,  the  margin  narrow  and  colourless 
with  openings  into  the  interior. 

(Siem  herbaceous,  procumbent ;  pri- 
mary internodes  undeveloped. 

Leaves  compound,  radical  and 
cauline,  alternate,  stipulate,  petiolate, 
thinly  and  coarsely  hairy,  light  green 
above,  paler  beneath ;  petioles  semi- 
terete,  channelled  above,  hairy,  but 
sparsely  in  the  seedling,  dilated  and 
amplesicaul  at  the  base,  proportion- 
ately much  shorter  in  the  adult  plant 
than  in  the  seedhng  ;  stipules  none  m 
the  seedling  or  carried  up  a  consider- 
able way  on  the  petiole  and  resembling 
two  small,  lanceolate,  sUghtly  lobed 
leaflets,  adnate  for  some  distance  to 
the  petiole  in  the  adult  plant  with  free 
lanceolate,  acute,  green  and  foliaceous 
tips,  more  or  less  cut. 

No.  1.  Trifoliolate  or,  from  the 
position  of  the  stipular  segments,  appa- 
rently five-foUolate ;  terminal  leaflet 
cuneate,  pinnatifid  with  narrow,  sub- 
ulate or  lanceolate,  subacute  segments  ; 
lateral  leaflets  opposite  or  nearly  so, 
subovate,  deeply  pinnatifid  with  narrow,  subacute  or  aristate  seg- 
ments. 

Ultimate  leaf  oblanceolate-oblong  in  outhne,  pinnate ;  leaflets 
oblong,  alternate,  pinnatisect  with  numerous  alternate,  Unear-subu- 
late,  acute,  aristate  segments  cut  nearly  to  the  midrib. 

The  seedling  of  Acaena  millefoliata  is  very  similar  to  the  last,  but 
the  hypocotyl  is  very  short  and  the  cotyledons  are  oval-oblong. 

Poterium  Sanguisorba,  L.  (fig.  820). 

Pistil  apocarpous,  superior,  enclosed  in  the  hollow  receptacle ; 


A 


Fig.  319. — Accena  inyriophylla, 
x2. 
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ovary  of  one,  two,  or  three  free  carpels,  each  one-celled,  one-ovuled  ; 
ovule  pendulous,  anatropous  ;  radicle  superior. 

Fmit  an  achene,  enclosed  in  the  ovoid,  tetragonal  receptacle, 
ovoid,  coriaceous  and  somewhat  fibrous,  glabrous,  pale  brownish, 
one-celled,  one-seeded,  indehiscent,  closely  conforming  to  the  interior 

of  the  receptacle  both  when  sohtary 
and  when  two  or  three  achenes  are 
present. 

Seed  obovoid,  suspended  from  the 
apex  of  the  achene  to  the  interior  of 
which  it  closely  conforms,  pale  straw- 
coloured,  except  at  the  chalaza  which 
is  pale  brown ;  testa  thm,  mem- 
branous ;  tegmen  thinner,  paler,  al- 
most white;  hilum  and  micropyle 
basal,  superior ;  raphe  ventral ;  chalaza 

Fig.   SW.  —  Potermm    Bangui-        .    ^  ^ 

sorba.    Longitudinal  section  of  apical. 
fruit,  X  9  :  a,  achene  ;  t,  testa;  EndoSVerm  absent, 

r,  radicle;  re,  re,  hollow  recep-  „    ,  ,     •  ^  l  i-  i 

tacle;  cA,  chalaza.  Embryo    straight,  comparatively 

large,  obovoid,  colourless,  conforming 
in  shape  to  the  seed;  cotyledons  rotund-obovate,  plano-convex, 
retuse,  minutely  emargmate,  cordate  or  shortly  auricled  at  the  base, 
fleshy  in  the  seed  ;  auricles  closely  adpressed  to  the  radicle,  and  pro- 
duced to  fill  up  the  space  in  the  seed  caused  by  the  cotyledons 
terminating  rather  abruptly  at  the  base  ;  radicle  turbmate,  obtuse, 
stout,  protruded  into  the  narrow  conical  base  of  the  seed  and  ex- 
tending about  two-thirds  its  length  beyond  the  cotyledons. 

Seedling  (fig.  321). 

Primary  root  slender,  tapering,  furnished  with  lateral  fibres. 
Hyvocotyl  erect,  terete,  glabrous,  or  with  a  few  papillose  hairs, 
colourless  or  stained  red,  passing  insensibly  into  the  root,  about 

7  mm.  long.  .      ,  •    .     j  i 

Cotyledons  broadly  oval,  obtuse,  minutely  emargmate,  deeply 
cordate  at  the  base,  faintly  striate  with  numerous  nerves  ansmg 
from  the  indistinct  midrib,  glabrous,  subfleshy,  deep  green  ;  lamma 
5-25-5-5  mm.  long,  4-4-75  mm.  wide  ;  petiole  subterete,  channelled 
above,  hairy,  perfoHate  at  the  base,  6-5-7-5  mm.  long. 

Stem  herbaceous,  the  persistent  portion  very  short ;  primary 
internodes  undeveloped.  w„ 

Leaves  compound,  radical  and  cauhne,  alternate,  stipulate,  petio- 
late,  glabrous  or  minutely  pubescent  beneath  deep  glaucous- green  ; 
petioles  semiterete,  channeUed  above,  dilated  and  claspmg  at  the 
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Fig.  S21.—Poterium 
Sanguisorha.  Nat. 
size. 


base,  hairy  in  the  young  stage,  glabrous,  or  nearly  so,  in  the  adult ; 
stipules  almost  wholly  adnata  to  the  petiole  and  membranous  with 
a  minute  free  tip  in  the  seedling,  foliaceous  in 
the  adult,  more  or  less  ciliate  at  the  margin. 

No.  1.  Pinnately  trifoliolate ;  leaflets  petio- 
lulate,  rotund,  incise-serrate,  alternately  penni- 
nerved  and  reticulate  with  the  nerves  running 
directly  into  the  subacute  serratures — lateral 
ones  subcordate  at  the  base. 

No.  2.  Trifoliolate;  leaflets  shortly  and 
broadly  oblong,  with  the  lateral  ones  subcordate 
at  the  base. 

Ultimate  leaves  imparipinnate ;  leaflets 
numerous,  alternate  or  opposite,  varying  even 
on  the  same  leaf,  rotund,  cordate  at  the  base  and 
overlapping  the  rachis,  and  also  one  another 
when  opposite,  subacutely  incise-serrate,  with 
minutely  mucronate  serratures,  the  terminal 
one  smaller  and  shorter  than  the  lateral  ones,  all 
decreasing  in  size  from  the  apex  of  the  leaf 
downwards,  and  often  having  smaU  green  pinnatifid  segments  near 
the  base  representing  the  free  ends  of  the  stipules, 

Eosa  berberidifolia,  Pall.  (fig.  822). 

Primary  root  very  long,  tapering  gradually  downwards,  with  a 
few  very  short  slender  fibrils  or  none. 

Eypocotyl  tapering  insensibly  into  the  root. 
Cotyledons  oblong,  obtuse,  entire,  rather  thick  and  fleshy,  min- 
utely glandular-ciliate,  otherwise   glabrous,  pale  green,  shortly 
petiolate,  1-1  cm.  long  including  the  petiole. 

Stern,  suffrutescent,  flexuose,  glandular-pubescent  and  prickly  • 
prickles  mostly  m  whorls  immediately  beneath  the  insertion  of  the 
leaves  where  the  internodes  are  developed  ;  1st  to  5th  internode 
mclusive  undeveloped ;  6th  2  mm.  long  ;  7th  1  mm. 

Leaves   simple  (in   specimen  sketched),  cauline,  alternate 
exstipulate   (or  stipules  reduced  to  glands),  shortly  petiolate' 
glandular-ciliate,  otherwise  glabrous,  equally  glaucous  on  both  sur' 
faces;  petioles  very  short,  1-2  mm.  long,  dilated  at  the  base  and 
amplexicaul. 

No.  1.  Cuneate,  three-toothed  at  the  apex. 
No.  2.  Cuneate,  five-toothed  at  the  apex. 
No.  3.  Similar. 

No.  4.  Cuneate-obovate,  six-toothed. 
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No.  5.  Narrowly  obovate,  six-tootlied,  much  narrowed  towards 

the  base. 

Nos.  6  and  7.  Similar  to  No.  5. 

Eosa  rugosa,  Thunb.  var.  floribunda. 

Bypocotyl  suffruticose,  erect,  terete,  glandular-pubescent,  brown- 
ish, 1*4  cm.  above  the  soil. 

Cotyledons  glandular-cihate,  oval-oblong,  obtuse,  with  a  mucro- 
like  intramarginal  mark  at  the  apex,  7-5  mm.  long,  4-5  mm.  broad  ; 
petiole  glandular-pubescent,  channelled  above,  3-5  mm.  long. 


i 


Fig.  322.— -Rosa  berberidifolia.   Nat.  size. 

Stem  suffruticose,  erect,  terete,  glandular-pubescent  setose  with 
the  set^  mostly  arranged  in  verticils  immediately  below  the  msertm 
of  the  leaves,  pale  green,  ultimately  brownish  with  white  set^. 
1st  and  2nd  internodes  undeveloped ;  3rd  and  4th  each  3  mm.  long , 
5th  1  mm. ;  the  rest  hidden  by  the  sheathing  stipules. 

Leaves  compound,  imparipinnate ;  leaflets  serrate,  glanddar. 
cihate,  rugose,  glabrous  above  and  deep  green,  paler  subgl^^^^^^^^^ 
beneath,  glandular-pubescent  on  the  nerves  m  a  young  tate  petio^ 
«  ed  above,  glandular-pubescent;  stipules  small  and  almost 
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wholly  adnate  to  the  petioles  of  the  first  three  leaves  ;  above  that 
they  are  fohaceous,  almost  crescent- shaped  and  free  for  the  upper 
third  of  their  length,  glandular-ciliate,  deep  green,  reticulate,  semi- 
amplexicaul. 

No.  1.  Very  small,  unifoliolate  ;  leaflet  cuneate,  incise-dentate. 

No.  2.  TrifoHolate ;  leaflets  small  obovate-cuneate,  serrate  mostly 
above  the  middle. 

No.  3.  Similar,  but  larger  and  more  serrate. 

No.  4.  Trifoliolate  ;  leaflets  oval  or  subelliptic. 

Nos.  5  and  6.  TrifoHolate  ;  lateral  leaflets  broadly  oblong  ;  term- 
inal one  elliptic. 

No.  7.  Trifoliolate  ;  lateral  leaflets  broadly  oblong-ovate  ;  term- 
inal one  elliptic. 

No.  8.  Five-foliolate ;  basal  pair  of  leaflets  small,  subovate ; 
middle  pair  unequal— one  oblong  and  the  other  subelhptic ;  terminal 
leaflet  elliptic.  ' 

Pyrus  Aucuparia,  Gaertn.  (fig.  323). 

Primary  root  tapering,  slender,  very  flexuose,  with  short,  rather 
stout  lateral,  rootlets,  dark-coloured. 

Eypocotyl  soon  becoming  woody,  erect,  terete,  glabrous  sub- 
flexuose,  brown,  8  mm.  to   1-5  cm.  ' 
long. 

Cotyledons  shortly  petiolate,  gla- 
brous, deep  green  ;  lamina  oblong-oval, 
obtuse,  6  mm.  long,  4  mm,  wide; 
petiole  grooved  above,  1-5  mm.  long. 

Stem  soon  becoming  woody,  erect, 
terete,  hairy,  slightly  flexuose,  pale 
green,  ultimately  becoming  brown  ;  1st 
internode  1-5  mm.  long  ;  2nd  1-5  mm. ; 
8rd  2  mm. ;  4th  2-5  mm. 

Leaves  compound,  ultimately  im- 
paripinnate,  cauline,  alternate,  stipu- 
late, petiolate,  glabrous  except  on  the 
petioles,  under  surface  of  the  midrib 
and  the  rachis  ultimately  glabres- 
cent;  petioles  subterete,  channelled 
on  the  upper  side  ;  stipules  small,  ovate,  acute,  tooth-like. 

No.  1.  Triangular- ovate,  trifid,  lobes  serrate. 

No.  2.  Triangular,  tripartite ;  lateral  divisions  ovate  acute 
serrate ;  termmal  larger,  obovate-cuneate,  trifid  and  slightly  ser' 


Fig.  828.— P^rMs  Aucuparia. 
Nat.  size. 
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Fig.  824. 

Cratmgus  Oxyacantha 
(from  dry  Bpecimen). 
Nat.  Bize. 


No.  8.  Pinnately  five-foliolate ;  lateral 
leaflets  ovate,  acute,  serrate ;  terminal 
leaflet  cuneate,  trifid  and  serrate. 

No.  4.  Similar ;  lateral  leaflets  acutely 
serrate;  terminal  leaflet  triangular- ovate, 
acute,  tripartite,  acutely  serrate. 

Ultimate  leaves  pinnate,  of  seven  to 
fifteen  pairs  of  leaflets,  deep  green  and  gla- 
brous above,  whitisli  and  downy  on  tbe 
underside  and  on  the  petioles  and  midrib  ; 
leaflets  oblong,  acute,  unequal  at  the  base 
of  the  posterior  side,  acutely  and  rather 
evenly  serrate,  in  opposite  pairs. 

Tubeuf   (I.e.   p.    71)   describes  fruit 
and  seeds  of  Pyrus  communis  (Pear), 
P.  Malus  (Apple),  and  Cydonia  vulgaris 
(Quince),  and  also  on  page  125  the  seed- 
lings  with  figures  of  the  two  last.  P. 
Malus  has  thick,  rotund-ovate,  almost  ses- 
sile cotyledons,  and  doubly  serrate,  acute 
primary  leaves.     Cydonia  vulgaris  has 
roundly  obovate  cotyledons,  an  obtuse  apex, 
and  gradually  tapering  base.    The  prunary 
leaves  are  oval  to  ovate  and  very  finely 
serrate. 

Crataegus  Oxyacantha,!  2,.  (fig.  324). 

Primary  root  long,  slender,  tapering, 
wiry,  with  slender  lateral  fibres,  flexuose. 

Hypocotyl  woody,  erect,  terete,  brown, 
glabrous,  2-5-4-5  cm.  long. 

Cotyledons  subfoliaceous,  subcoriaceous, 
obovate-oblong,  obtuse,  glabrous,  green, 
changing  to  brown,  rather  persistent,  nar- 
rowed at  the  base  or  shortly  petiolate,  1-1-2 
cm.  long,  5-6  mm.  wide,  obscurely  tri- 
nerved. 

Stem  woody,  erect,  terete  or  subangled, 
hairy,  brownish  ;  1st  mternode  6-5  mm. 
long ;  2nd  8-5  mm. ;  8rd  2-5  mm. 

Leaves  simple,  cauline,  alternate,  stipu- 


>  Cf.  Tubeuf,  I.e.  124,  fig.  168. 
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late,  petiolate,  hairy  on  both  surfaces,  ultimately  glabrescent,  sub- 
coriaceous,  deciduous  ;  stipules  foliaceous,  variable,  lanceolate  or 
semi-ovate,  acutely  and  more  or  less  deeply  serrate,  with  gland- 
tipped  serratures  ;  petioles  very  short. 

No.  1.  Small,  cuneate,  trifid  and 
slightly  serrate  (in  some  specimens 
oblanceolate,  acute,  and  simply  or 
slightly  doubly  serrate). 

No.  2.  Cuneate,  trifid ;  terminal 
lobe  doubly  serrate ;  lateral  lobes 
simply  serrate. 

No.  3.  Cuneate,  trifid,  and  becom- 
ing doubly  serrate ;  terminal  lobe 
again  subtrifid. 

No.  4.   Ovate-oblong,  cuneate  at 
the  base,  lobulate  and  serrate. 

No.  5.  Triangular-ovate,  trifid  or 
almost  tripartite,  lobulate  and  serrate, 
cimeate  at  the  base. 

Ultimate  leaves  variable  in  dif- 
ferent mdividuals,  cuneate,  trifid  or 
pinuatifid  and  few-  or  many-lobulate, 
serrate. 

Crataegus  mexicana,  DC. 

Hypocotyl  erect,  terete,  slender, 
3-3*5  cm.  above  the  soil. 

Cotyledons  oblong-oval,  with  about 
two  alternate  incurved  nerves  on  each 
side  of  the  midrib,  reticulate,  thin, 
horizontal,  1-8-1-5  cm.  long,  7-8  mm. 
wide. 

Stem  erect,  terete,  woody  ;  1st  in- 
ternode  9-10  mm.  long ;  2nd,  3rd,  and 
4th  very  short. 

Leaves  shortly  petiolate,  alternately 
pennuaerved,  nerves  ascending,  reticulate  ;  petioles  very  short  or 
almost  none  in  the  primary  leaves  ;  stipules  small  in  the  seedling 
subulate,  acute.  . 

Nos.  1  and  2.  Oblong,  acute,  rather  acutely,  simply  or  doubly 

Nos.  3  and  4.  Oblong-elliptic,  more  or  less  cuneate  at  the  base 
acute,  acutely  and  doubly  serrate.  ' 


Fig.  825. 

Cotoneaster  Simonsii. 
Nat.  size. 
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Cotoneaster  Simonsii,  Hort.  (fig.  325). 

Primary  root  tapering,  wiry,  flexuose,  with  numerous  flexuo  se 
wiry  rootlets,  red  or  brownish. 

Hypocotyl  woody,  erect,  terete,  glabrous,  brownish,  2-4  cm.  long. 

Cotyledons  oval-oblong,  obtuse,  glabrous,  shortly  petiolate,  1  cm. 
long  including  the  petiole,  5  mm.  broad. 

Stem  shrubby,  erect,  terete,  densely  hairy,  brownish  ;  Ist  inter- 
node  2-5  mm.  long  ;  2nd  4  mm.  ;  3rd  3-5  mm. ;  4th  3  mm. 

Leaves  simple,  cauline,  alternate,  stipulate,  petiolate,  sparingly 
hairy  on  both  surfaces,  densely  so  on  the  margins,  coriaceous, 
evergreen,  deep  green  and  shining  above,  paler  beneath ;  petioles 
channelled  above,  hairy ;  stipules  subulate,  attenuate,  free,  hairy, 
brownish,  entire. 

Nos.  1-6.  Ovate,  acute,  mucronate. 

Ultimate  leaves  ovate,  or  elliptic -ovate,  acute,  mucronate. 


SAXIFRAGES. 

Benth.  et  Hook.  Gen.  PI.  i.  629. 

Fruit  and  Seed.— The  more  typical  members  of  this  Order 
have  an  ovary  consisting  of  two  carpels,  or  occasionally  three  ; 
but  in  many,  especially  the  shrubby  and  arboreal  types  belong- 
ing to  the  Escallonieffi  and  Hydrangese,  the  ovary  consists  of 
three  to  five  carpels,  very  rarely  more. 

In  the  vast  majority  of  cases  the  ovary  is  sunk  in  the 
receptacle  and  syncarpous,  with  as  many  ceUs  as  there  are 
carpels,  rarely  one-celled ;  it  is  rarely  free.  We  find  all  mter- 
mediate  stages  between  a  perfectly  inferior,  and  a  perfectly 
superior  ovary  in  the  genus  Saxifraga  alone.  There  are  only 
a  few  species  in  that  genus  where  the  ovary  is  perfectly  apo- 
carpous, and  not  sunk  in  the  receptacle  ;  but  this  also  happens 
in  Astilbe,  Tetracarpa3a,  Cephalotus  folHcularis,  Panchena,  and 
Spir^anthemum.  The  ovules  are  generally  very  numerous, 
and  arranged  in  a  double  series  on  the  axile,  rarely  parietal, 
placentas ;  frequently  they  are  few,  but  very  rarely  solitary 
and  ascending  from  the  base  of  the  cavity  of  the  ovary  as  m 
Eremosyne,  or  pendulous  from  the  top  of  it  as  m  Whipplea,  or 
geminate  and  pendi].loi;s  as  in  Ixerba. 
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The  fruit  is  capsular,  or  baccate,  more  rarely  truly  folli- 
cular or  nut-like.  Examples  of  the  last  type  are  met  with  in 
Ceratopetalum  with  a  four-winged,  bony  nut,  and  in  Aphano- 
petalum  and  Codia  with  nuts  of  a  softer  or  less  woody  nature, 
and  all  one-seeded.  The  seeds  are  generally  very  numerous, 
and  small  or  minute  especially  in  the  herbaceous  types,  with 
a  membranous  or  leathery,  smooth  or  pilose  testa.  Frequently 
they  are  more  or  less  evidently  winged ;  and  in  Brexia  mada- 
gascariensis  the  testa  is  crustaceous.  Endosperm  is  nearly 
always  present  in  considerable  quantity,  but  in  a  few  it  is 
scanty,  or  sometimes  altogether  wanting  in  Brexia  and 
Ixerba. 

The  embryo  is  in  the  majority  of  cases  very  small  and 
ovoid,  cylindrical  or  terete,  with  plano-convex  cotyledons,  often 
scarcely  broader  than  the  radicle.  Exceptions  occur  in  Brexia 
and  Ixerba,  which  have  a  large  embryo'  and  flat  cotyledons, 
and  in  Geissois  with  flattened  seeds,  and  a  large  embryo  with 
subfoliaceous  cotyledons,  equalling  the  length  of  the  endo- 
sperm. 

A  moderately  large  embryo  is.  met  with  in  Saxifraga  peltata, 
having  linear-oblong  cotyledons,  which  with  the  radicle  are 
more  or  less  three-fourths  as  long  as  the  copious  endosperm. 
A  similar  case  is  met  with  in  S.  erassifolia,  which  has  oblong, 
longitudinally  ribbed  seeds  from  •75-1-25  mm.  in  length,  and 
an  embryo  nearly  as  long  as  the  endosperm.  A  very 
different  type  is  met  with  in  Eibes,  the  species  of  which 
have  numerous  more  or  less  angled  seeds  lying  in  the  pulp 
of  a  berry.  The  fruit  is  one-celled  with  parietal  placentas. 
The  testa  is  very  thick,  the  outer  layer  being  cartilaginous 
and  hard  when  dry,  but  swelling  up  and  mucilaginous  in 
water,  while  the  inner  coat  is  thin  and  rather  crustaceous, 
or  brittle  and  black.  The  embryo  is  ovoid  and  very  minute, 
lying  close  to  the  hilum  embedded  in  a  copious  endosperm. 
Ribes  glutinosum  (fig.  330)  represents  this  type. 

Seedlings. — The  cotyledons  in  this  Order  vary  within  very 
narrow  limits  from  ovate  to  oblong  and  spathulate.  They 
may  also  for  convenience  sake  be  classified  under  two  heads, 
namely,  large  and  small.  Most  if  not  all  of  the  herbaceous 
types  have  very  small  seeds  and  small  cotyledons.  The  leading 
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form  may  be  described  as  ovate,  obtuse,  entire,  shortly  petiolate, 
showing  a  midrib  more  or  less  distinctly,  or  without  any  dis- 
cernible venation  in  the  fresh  state.  Species  agreeing  with 
this  type  are  Saxifraga  greenlandica,  S.  Stracheyi  (fig.  827), 
Eodgersia  podophylla  (fig.  326),  Mitella  Breweri,  and  Escal- 
lonia  Berteriana  (fig.  329).  A  slight  divergence  from  this 
is  met  with  in  Saxifraga  rotundi  folia  having  minute  oblong- 
spathulate  cotyledons,  and  in  Heuchera  Drummondi  with 
minute,  narrowly  oblong  cotyledons. 

Saxifraga  greenlandica  is  one  of  the  mossy-leaved  types 
with  cuneate  and  divided  or  palmate  leaves.    The  first  four 
are  spathulate  and  entire,  followed  by  two  which  have  each 
one  lateral  tooth,  and  by  seven  others  which  are  cuneate  and 
trifid.  The  first  leaf  of  S.  Stracheyi  is  oval  and  glabrous,  while 
the  second  is  larger  and  ciliate,  and  the  third  obsoletely  serrate. 
The  ultimate  leaves  are  obovate,  dentate-serrate,  and  very 
large.    Eodgersia  podophylla  shows  a  more  striking  evolution. 
The  first  leaf  is  cordate  with  a  few  distant  serratm-es,  the 
second  and  third  are  roundly  cordate,  shallowly  five-lobed  and 
serrate.    The  ultimate  form  is  peltate,  and  five-partite  with 
obovate  or  cuneate,  serrated  segments,  trifid  near  the  apex, 
sometimes  of  immense  size,  and  resembling  a  compound  leaf. 
The  first  three  leaves  of  Mitella  Breweri  are  suborbicular, 
tapering  to  the  base,  and  glandular-ciliate ;  while  the  ultimate 
form  is  suborbicular,  shallowly  five-lobed,  crenate,  deeply 
cordate  at  the  base  with  overlapping  auricles  and  a  palmate 
venation.    The  first  two  or  three  leaves  of  Saxifi-aga  rotundi- 
folia  are  roundly  cuneate  and  entire,  followed  by  a  number  of 
obsoletely  trifid  ones.  The  ultimate  form  is  reniform  or  rotund 
with  an  open  sinus,  dentate  and  showing  numerous  veins 
radiating  from  the  base  of  the  lamina.    A  very  gradual 
evolution  of  the  leaves  is  shown  by  Heuchera  Drummondi. 
■Sometimes  as  many  as  six  of  the  primary  leaves  are  roundly 
spathulate,  and  succeeding  ones  become  larger  by  degrees,  and 
finally  assume  a  form  similar  to  that  of  Mitella  Breweri.  A 
shrubby  type  is  represented  by  Escallonia  Berteriana  having 
the  first  five  leaves  cuneate. 

A  shrubby  type  with  much  larger  and  more  highly  developed 
cotyledons  is  represented  by  Kibes  saxatile  (fig.  331)  and  R. 
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glutinosum.  The  primary  or  leading  ovate  form  ia  still  pre- 
served, but  the  cotyledons  are  rather  distinctly  five-nerved. 
Of  the  former  the  first  two  leaves  are  trifid,  while  succeeding 
ones  are  more  or  less  deeply  five-lobed.  The  cotyledons  of 
E.  nigrum  are  oblong,  and  the  first  two  leaves  are  cuneate 
or  lanceolate,  often  shallowly  trifid ;  the  ultimate  form  is 
palmately  five-lobed  and  five-nerved. 

The  variety  E.  nigrum  laciniatum  has  similar  but  much 
smaller  cotyledons.  A  well-marked  modification  of  this  type 
occurs  in  Philadelphus  gracihs  (fig.  328)  with  broadly  ovate 
and  emarginate  cotyledons.  The  first  two  leaves  are  ovate 
and  entire,  whereas  the  next  two  are  serrulate. 

Rodgersia  podophylla,  A.  Gray  (fig.  326). 

Primary  root  slender,  tapering  downwards,  flexuose,  giving  off 
slender  lateral  rootlets. 

JSypoGotyl  undeveloped  or  indistin- 
guishable from  the  root. 

Cotyledons  ovate,  obtuse,  entire, 
shortly  petiolate,  with  a  distinct  midrib, 
glabrous,  Hght  green  ;  lamina  1-5-2  25 
mm.  long,  1-25-2  mm.  wide ;  petiole 
grooved  above,  convex  on  the  back, 
dilated  at  the  base  and  connate,  forming 
a  little  cup  around  the  plumule,  about 
1  mm.  long. 

Stem  herbaceous,  producing  under- 
ground  a  stout,  scaly  rhizome,  and  throw- 
ing up  a  stem  when  about  to  flower ; 
primary  internodes  undeveloped. 

Leaves  simple,  trilobed  on  the  stem, 
five-sect  on  the  rhizome,  alternate, 
stipulate,  petiolate,  palmatinerved  at  the 
base  in  the  seedhng,  alternately  nerved 
upwards,  palmately  or  peltately  nerved  ^.^^ 
m  the  adult  leaves,  glabrous  or  nearly  so  Bodgersiapo(^phyUa,  x  s. 
m  the  seedling  stage ;  petioles  semiterete, 

channelled  above,  more  or  less  hairy,  short  in  the  seedling,  very  long 
on  the  rhizome  of  the  adult  plant,  dilated  and  sheathing  at  the 
base  ;  stipules  membranous,  attached  to  the  petiole,  fringed  at  the 
apex  in  the  seedling  stage. 
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No.  1.  Cordate,  cuspidate,  with  two  to  three  small  serratures  on 
each  side,  trin^rved  at  the  base  with  one  to  two  alternate  nerves 
upwards. 

No.  2.  Eotund-cordate,  cuspidate,  serrate  with  glandular  mucro- 
nate  serratures,  five-nerved  at  the  base  with  a  few  alternate  nerves 
upwards. 

No.  3.  Similar,  rather  more  deeply  cut. 


Saxifraga  Stracheyi,  Hook.f.  et  Thorns,  (fig.  327). 

Primary  root  slender,  tapering,  with  slender  lateral  rootlets. 
Hypocotyl  terete,  pink,  2-25  mm.  long. 

Cotyledons  oblong-ovate,  obtuse,  shortly  petiolate,  coriaceous, 
glabrous,  deep  green  above,  paler  beneath ;  lamina  3  mm.  long, 
1-75  mm.  wide ;  petiole  -75  mm.  long. 

Stem  herbaceous,  stout,  slowly  developed. 

Leaves  simple,  radical  and  ultimately  ele- 
vated on  the  short  stem,  alternate,  stipulate, 
very  shortly  petiolate  (or  the  petiole  reduced  to 
a  sheath  margined  and  topped  by  the  stipules), 
glabrous,  cihate-serrate,  coriaceous,  obscurely 
alternately  penninerved,  deep  green  and  shin 
ing  above,  pale  and  punctate  beneath  ;  petioles 
very  short  and  almost  reduced  to  the  sheaths  ; 
Fig.  327.  stipules  mostly  adnate  to  the  sheaths  with  free 

^''"''•^Xt.^ir'''^'"    fimbriated  tips. 

No.  1.  Ovate-oval,  obtuse,  entire,  not  ciliate. 
No.  2.  Oval,  obtuse,  entire,  distantly  ciHate. 
No.  3.  Oval,  obtuse,  distinctly  ciliate,  obsoletely  serrate  at  the 

apex,  . 

Further  stages  are  developed  by  many  successive  gradations  an 
shape  and  size,  till  the  leaves  become  obovate,  closely  cihate  and 
obtusely  serrate  along  the  upper  end  or  half. 

Ultimate  leaves  very  large,  obovate,  tapermg  to  the  base,  dentate- 
serrate,  ciliate,  with  mucronate  serratures,  distinctly  alternately 
pennmerved,  thick,  coriaceous,  deep  green  above  with  paler  nerves, 
pale  green  beneath  and  more  or  less  punctate,  sublucid  on  both 
surfaces,  37  cm.  long,  16  cm.  wide  including  the  sheath  ;  serratures 
largest  about  the  middle  of  the  leaf;  petioles  almost  reduced  to 
the  large  sheath  ;  stipules  adnate  to  the  petiole  nearly  throughout, 
then  connate  by  their  contiguous  margins  in  front  of  the  leaf 
forming  a  hood,  entire  at  the  margin,  and  glabrous  or  thmly 
ciliate. 
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Saxifraga  rotundifolia,  L. 

Primary  root  as  in  last  species. 
Hypocotyl  subterranean,  very  short. 

Cotyledons  vomaiQ,  oblong-spathulate,  obtuse,  2  mm.  long,  1mm. 
wide. 

Stem  herbaceous  with  undeveloped  internodes,  throwing  up 
annual  leafy  flowering  stems. 

Leaves  simple,  radical  and  cauline,  alternate,  exstipulate,  petio- 
late,  hairy  on  both  surfaces,  pale  green,  paler  beneath,  often  suffused 
with  red  ;  petioles  terete,  very  hairy,  dilated  and  sheathing  at  the 
base. 

No.  1.  Eotund,  cuneate  at  the  base,  2  mm.  long,  2*25  mm.  wide, 
entire. 

Nos.  2  and  3.  Eotund,  subcuneate  at  the  base,  slightly  longer 
than  broad,  entire. 

No.  3.  Eotund,  subcuneate  at  the  base,  with  a  tooth  on  one  side. 
Other  and  numerous  intermediate  forms  are  reniform,  entire  or 
triangled  or  trinerved  at  the  base  and  crenate  with  three  to  five 
rounded,  broad  teeth . 

Ultimate  leaves  reniform  or  rotund,  deeply  cordate  at  the  base, 
with  rounded,  more  or  less  overlapping  auricles,  hairy  on  both  sur- 
faces, crenate-dentate,  with  broad,  shallow,  deltoid,  obtuse,  mucro- 
nate  crenatures  or  teeth,  and  broad,  radiating,  entire  or  forked 
nerves. 

Mitella  Breweri,  A.  Gray. 

Primary  root  slender,  flexuose,  giving  off  flexuose,  branching 
lateral  rootlets. 

Hypocotyl  terete,  glabrous,  reddish,  about  3  mm.  long. 

Cotyledons  minute,  ovate  or  oval,  obtuse,  subsessile,  2-25  mm. 
long,  1-5  mm.  wide. 

Stem  herbaceous,  very  short,  with  stoloniferoua  branches. 
^  Leaves  simple,  radical,  alternate,  stipulate,  petiolate,  coarsely 
hairy  and  glandular-pubescent,  radiately  nerved  from  the  base,  pale 
green  above,  paler  beneath  ;  petioles  subterete,  sUghtly  channelled 
above,  coarsely  hairy  and  pubescent. 

Nos.  1-3.  Spathulate-rotund,  or  rotund  with  a  cuneate  base, 
coarsely  hairy  and  glandular-cihate. 

First  one  3  mm.  long  includmg  the  petiole,  2  mm.  wide.  Sue  - 
ceeding  forms  are  small,  reniform,  entire  or  tridentate  and  tri- 
nerved ;  then  five-  to  seven-nerved,  and  crenate,  with  obtuse 
mucronate  teeth. 
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Ultimate  leaves  rotund,  subpalmate,  deeply  cordate  at  the  base, 
five-  to  seven-  to  nine-nerved,  shallowly  lobed,  and  shallowly  crenate 
with  mucronulate  crenatures,  reticulate,  pale  green,  thinly  hairy, 
paler  beneath  and  thinly  hairy  with  prominent  nerves ;  petioles 
terete,  with  a  slender  channel  on  the  upper  side,  thinly  hairy,  dilated 
and  clasping  at  the  base  ;  stipules  adnate  to  the  petiole,  and  connate 
by  their  edges  near  the  top  with  two  small,  free,  brownish  points. 

Heuchera  Drummondi,  Eort. 

Primary  root  as  in  last  species. 

Hypocotyl  short  and  indistinguishable  from  the  primary  root. 

Cotyledons  minute,  narrowly  oblong,  obtuse  or  subacute,  2  mm. 
long,  "5  mm.  wide. 

Stem  herbaceous,  very  short,  with  hairy  internodes  where  deve- 
loped in  the  seedling. 

Leaves  simple,  radical,  alternate,  stipulate,  petiolate,  radiately 
nerved  from  the  base,  thinly  glandular-hairy  and  glandular-pubescent 
above,  densely  glandular-ciliate  with  unequal-sized  hairs,  glandular- 
pubescent  beneath,  paler  and  more  conspicuously  reticulate  than  on 
the  upper  surface  ;  petioles  terete,  glandular-pubescent,  dilated  and 
sheathing  at  the  base  ;  stipules  ovate,  small,  toothed  and  glandular- 
hairy,  hyahne  or  reddish. 

No.  1.  Rotund-spathulate,  glandular-ciliate  and  -hairy,  entire, 
1-75  mm.  long,  1*5  mm.  wide. 

No.  2,  sometimes  to  No.  6,  gradually  larger  than  the  first,  rotund, 
spathulate,  entire. 

Other  stages  are  reniform,  entire  or  minutely  tricrenate  with 
mucronulate  crenatures ;  then  reniform,  obviously  tricrenate,  tri- 
nerved  ;  then  reniform,  five-nerved,  five-crenate,  and  unequally  and 
densely  glandular-ciliate. 

Larger  forms  are  cordate,  obtuse,  and  crenate  with  mucronulate 
crenatures. 

Ultunate  leaves  palmate,  deeply  cordate  at  the  base,  five-  to  seven- 
to  nine-nerved  and  -lobed,  simply  or  becommg  doubly  toothed,  with 
obtuse,  mucronate  teeth,  glandular-pubescent  above,  glandular-ciU- 
ate  and  paler  beneath,  coarsely  hairy  on  the  nerves  and  reticulate ; 
stipules  adnate  to  the  petiole  for  more  than  half  then:  length,  with 
ovate,  free,  glandular,  fringed  points. 

Philadelphus  gracilis,  Hort.  (fig.  828). 

Hypocotyl  erect,  striated,  glabrous,  4-8  mm.  long,  light  green  or 
colourless. 
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Fig.  828. — PhiladeVphus  gracilis,  x  2. 

Stem  erect,  terete,  herbaceous,  hairy ;  1st  internode  3-6-5  mm. 
long  ;  2nd  2-5  mm. 

_  First  leaves  simple,  cauline,  opposite,  decussate,  ovate,  subacute, 
sHghtly  serrate  or  almost  entke  in  the  first  pair,  petiolate,  exstipulate, 
covered  with  rather  long  silky 
hairs,  Kght  green,  pinnati- 
nerved. 

Escallonia  Berteriana,  DC. 
(fig.  329). 

Eypocotyl  erect,  terete,  pale 
green,  pubescent  with  adpressed 
or  incurved  hairs,  3-6  mm.  long. 

Cotyledons  ovate,  obtuse, 
glabrous,  shortly  petiolate ; 
lamina  2-25  mm.  long,  1-75 

mm.  wide ;  petiole  -5  mm.  „„„    ^    „    .  „ 

Stem  erect,  terete,  ultimately  '  " 

shrubby ;  1st  internode  -5  mm. ;  2nd  -75  mm, ;  3rd  1  mm. 

Leaves  simple,  cauline,  alternate,  exstipulate,  petiolate,  glabrous 
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at  leaat  in  the  seedling  state,  evergreen;  petioles  very  short, 
shallowly  grooved  above. 

No.  1.  Cuneate,  trinerved,  obtusely  tridentate  towards  the  apex, 
very  small. 

No.  2.  Larger,  cuneate  or  broadly  subeUiptic,  obtusely  three-  to 
five-toothed. 

Nos.  8-5,  Cuneate-elliptic,  obtusely  or  acutely  serrate,  gradually 
larger  in  each  successive  leaf,  alternately  penninerved  and  reticu- 
late. 

Ribes  glutinosum,  Jacg.  (fig.  330). 

Pistil  syncarpous,  inferior  ;  ovary  of  two  carpels,  one-celled  with 
numerous  ovules  on  two  parietal  placentas ;  micropyle  basal ;  ovules 
anatropous. 

Fruit  a  berry,  globose,  one-celled,  many-seeded,  pulpy  internally 


Fig.  830. — Bibes  glutinosum,  x  14.  A,  longitudinal  section  of  seedx 
B,  transverse  section  of  seed :  OT,  testa ;  IT,  tegmen ;  P,  endo- 
sperm ;  C,  cotyledon, 

with  numerous  horizontal  seeds  embedded  in  the  pulp  on  two  parietal 
placentas. 

Seed  subobovoid,  variously  angled  with  obtuse  angles,  glabrous, 
deep  brown  ;  testa  thick,  hard  when  dry,  but  swelling  up  and  gela- 
tinous when  moist ;  tegmen  thin,  black,  crustaceous ;  hilum  and 
micropyle  basal,  contiguous. 

Endosperm  copious,  fleshy,  firm,  colourless. 

Embryo  minute  at  the  base  of  the  endosperm,  straight,  colour- 
less ;  cotyledons  short,  oblong,  obtuse,  entire,  plano-convex,  sessile  ; 
radicle  stout,  blunt,  shorter  than  the  cotyledons. 

Eibes  saxatile,  Pall.  (fig.  881). 

Primary  root  long,  tapering,  with  a  few  fibrous  lateral  rootlets, 
becoming  brown  and  wiry. 
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Hypocotyl  woody,  terete,  brownish,  sparsely  glandular-pubes- 
cent, merging  into  the  root. 

Cotyledons  foliaceous,  rather  persistent,  petiolate,  sparsely  glan- 
dular-pubescent ;  lamina 
ovate,  obtuse,  mucronate, 
11  mm.  long,  7  mm. 
wide  ;  petiole  slightly 
channelled  above,  7  mm. 
long. 

Stefii  suffrutescent, 
erect,  terete,  sparsely 
glandular-pubescent ;  1st 
internode  1"5  mm.  long; 
2nd  6  mm.;  8rd  1-5 
mm. 

Leaves  simple,  cau- 
hne,  alternate,  exstipu- 
late,  petiolate,  sparsely 
glandular-pubescent,  pale 
green ;  petioles  subterete, 
channelled  above,  pale 
green,  sparsely  glandular- 
hairy,  dilated  and  am- 
plexicaul  at  the  base. 

No.  1.  Triangular- 
ovate,  trifid,  irregularly 
serrate. 

No.  2.  Palmately  tri- 
nerved  and  shallowly  five- 
lobed,  and  serrate. 

No.    3.  Eeniform 
palmate,  trinerved  and 
sub-five-lobed,  serrate. 

No.  4.  Eeniform,  pal- 
mate, five-nerved,  five- 
lobed,  serrate. 

No.  5.  Similar. 

Ribes  nigrum,  L. 

Hypocotyl  erect,  ter-  Fig.  SSl.-r-Bibea  saxatile.   Nat.  size, 

ete,  glabrous,  pale  green, 

soon  losing  its  epidermis  and  becoming  brown  and  woody. 

Cotyledons  smaller  than  ia  the  last  species  and  oblong,  obtuse 
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thinly  pubescent  at  the  margin  only  ;  lamina  9  mm.  long,  5  mm. 
broad ;  petiole  4  mm.  long. 

Stem  woody,  and  simUar  to  that  of  E.  saxatile ;  1st  internode 
1  mm.  long ;  2nd  1-75  mm. ;  3rd  2  mm. ;  4th  2  mm. ;  5th  7  mm. ; 
6th  9  mm. ;  7th  13  mm. 

Leaves  very  similar  to  those  of  R.  saxatile,  exstipulate  (or  stipules 
adnate  to  the  petiole  and  margined  with  long,  somewhat  feathery 
hairs),  thinly  glandular-pubescent  on  both  surfaces,  and  dotted 
with  sessile  glands  beneath,  Hght  green  above,  paler  beneath,  highly 
odoriferous,  especially  when  bruised. 

No.  1.  Small,  ovate,  trifid,  trinerved. 

No.  2.  Ovate,  trinerved,  shghtly  serrate,  with  a  small  lobe  on 
one  side. 

No.  8.  Triangular-ovate,  five-nerved,  trifid  and  shghtly  serrate. 
No.  4.  Palmately  five-nerved  and  shallowly  five-lobed,  serrate. 
Nos.  5-8.  Similar,  larger,  more  definitely  lobed  and  serrate,  with 
glandular-mucronate  serratures. 

Ribes  nigrum,  var.  laciniatum. 

Cotyledons  smaller  and  narrower  than  in  the  type,  and  the  leaves 
more  deeply  divided. 


CRASSULACE^. 

Benth.  et  Hook.  Gen.  PI.  i.  656. 

Fruit  and  Seed— The  ovary  consists  of  a  varying  number 
of  carpels  from  three  or  five  to  thirty.  The  number  corre- 
sponds to  that  of  the  petals,  which  in  Sempervivum  sometimes 
reaches  as  many  as  twenty.  They  are  free,  or  more  or  less 
connate  or  sunk  in  the  receptacle,  and  one-celled.  The  ovules 
are  small,  numerous,  anatropous,  and  arranged  in  two  or 
several  series  upon  the  ventral  suture  ;  more  rarely  are  they 
few  or  solitary,  as  in  a  few  species  of  Sedum  and  Tillasa.  There 
are  also  few  ovules  in  the  carpels  of  Dinacria.  When  few  they 
may  be  erect  or  pendulous.  The  fruit  consists  of  as  many 
follicles  as  there  are  carpels,  dehiscing  along  the  ventral  suture 
or,  where  the  carpels  are  connate,  along  the  dorsal  suture.  The 
seeds  are  minute,  oblong,  with  a  membranous  or  subcoriaceous 
finely  reticulated  testa,  and  contain  a  fleshy  endosperm.  The 
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embryo  is  small  and  generally  shorter  than  the  endosperm, 
but  that  of  Crassula  magnoHsefolia  occupies  the  whole  of  the 
seed,  and  has  plano-convex  cotyledons.  As  a  rule  the  latter 
are  very  short  and  obtuse,  while  the  radicle  is  also  short,  or 
sometimes  elongated  and  terete. 

The  cotyledons  in  Sedum  album  are  narrowly  oblong,  and 
about  equal  the  terete  radicle  in  length. 

Seedlings.— The  cotyledons  observed  are  all  succulent  like 
the  plants  themselves,  and  vary  in  shape  from  broadly  oval  or 
ovate  to  orbicular.    Like  the  leaves,  the  cotyledons  of  Crassula 
quadrifida  are  covered  with  glands  secreting  a  white  sub- 
stance.   They  persist  for  a  long  time,  attain  considerable  size, 
and  generaUy  are  very  unequal.    Cotyledon  Silversii  is  not- 
able for  the  fleshy  rootstock  it  produces  while  the  cotyle- 
dons are  still  present.    The  first  leaf  is  suborbicular  with 
a  cordate  base,  and  the  second  is  cordate.    The  cotyledons 
are  rather  unsymmetrical.    Those  of  Sedum  Ehodiola  vary 
considerably  in  outline  from  oval  or  ovate  to  obovate,  are  tri- 
nerved  and  generaUy  slightly  emarginate.    The  first  leaf 
18  spathulate  and  very  much  smaller  than  the  cotyledons. 
The  two  primary  leaves  of  Sedum  nicseense  are  eUiptic,  suc- 
ceeded by  others  that  become  gradually  oblong  and 'then 
linear,  and  crowded  owing  to  the  non-development  of  the 
mternodes.    Sedum  crassipes  shows  a  considerable  amount 
of  evolution.    The  cotyledons  are  very  small,  and  the  first 
fouj  leaves  roundly  cordate,  almost  or  quite  entire,  while  the 
ultimate  leaves  are  linear,  distantly  toothed  and  densely 
arranged  on  the  fleshy  stems. 


Crassula  quadrifida,  Baker  (fig.  332). 

Primary  root  slender,  tapering,  with  slender  secondary  rootlets 
and  most  frequently  supplanted  by  strong  adventitious  roots  from 
the  base  of  the  hypocotyl. 

Bypocotyl  most  frequently  very  short  (in  some  cases  almost 
none),  generally  about  1-2  mm.  long,  succulenty  glabrous. 

Cotyledons  persistent  and  becoming  foliaceous,  succulent,  glabrous 
pitted  on  both  surfaces  with  gland-like  organs  secreting  a  white 
substance,  rotund,  obtuse,  shortly  petiolate,  most  h-equently  very 
unequal  m  size,  green  above.  purpHsh  beneath;  smaller  cotyledon 
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including  petiole  8-5  mm.  long,  G  mm.  wide;  larger  cotyledon  in- 
cluding petiole  1-1  cm.  long,  8  mm.  wide. 

Stem  succulent,  erect, 
perennial  or  slirubby,  terete, 
minutely  pubescent ;  let  in- 
ternode  5-8*5  mm.  long; 
2nd  l-4-l"8  cm. ;  8rd  about 
1"9  cm. 

Leaves  simple,  cauline, 
opposite,  decussate,  exstipu- 
late,  petiolate  or  subsessile, 
glabrous,  succulent,  deep 
green  above,  paler  beneath, 
covered  on  both  surfaces 
with  gland-like  organs 
secreting  a  white  substance ; 
petioles  flattened  above, 
convex  beneath,  connate  at 
the  base  around  the  stem. 

First  pair  rotund-spath- 
ulate  or  spathulate-elliptic, 
obtuse. 

Second  pair  oval  or 
rotund-oval,  obtuse,  cuneate 
at  the  base. 

Third  pair  oblong,  ob- 
tuse. 

Fourth  pair  rotund,  ob- 
tuse. 

These  forms  vary  greatly  in  individual  seedlings. 
Ultimateleavesoblong,very  obtuse,  faintly  nerved,  or  ovate-oblong 
or  rotund,  shortly  petiolate,  covered  on  both  sides  with  glands  secret- 
ing a  white  substance  ;  petioles  short,  convex  beneath,  and  grooved 
on  the  upper  side- 

Sedum  Rhodiola,  DC.  (fig.  333). 

Priviary  root  slender,  tapering,  with  a  few  lateral  rootlets,  soon 
equalled,  or  even  superseded,  by  strong  adventitious  roots  fi-om  the 
base  of  the  hypocotyl.  _  , 

Hvpocotyl  short,  glabrous,  soon  becommg  ovoid  or  globose  and 
forming  the  primary  rootstock  of  the  plant,  colourless  or  purplish, 
2-5  mm.  long,  2-4  mm.  thick. 

Cotyledons  variable,  ovate  or  rotund-ovate,  obovate  or  elhptic, 


Fig.  332. — Crassula  quadrifida. 
Nat.  size. 
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cuneate  at  the  base,  entire  or  shallowly  emarginate,  succulent,  and 
continuing  to  grow  for  some  time,  glabrous,  subglaucous-green 
above,  paler  beneath  and  glaucous,  trinerved,  with  the  lateral 
nerves  curved  and  enclosing  an  elliptic  space,  arising  near  the  base 
of  the  lamina  and  proceeding  round  the  cotyledon  parallel  with 
the  margin,  and  again  uniting  with  the  midrib  close  to  the  apex, 
best  seen  on  the  under- 
side  or    by  transmitted 
hght,   petiolate ;  lamina 
4-9  mm.  long,  4-8  mm. 
wide ;     petiole  flattened 
above,  convex  on  the  back, 
dilated  upwards  into  the 
lamina,   suddenly  dilated 
to  a  wide  base,  slightly  con- 
nate around  the  plumule, 
pale  green,  almost  colour- 
less, 6-11  mm.  long. 

Stem  forming  a  fleshy, 
thickened  rootstock,  from 
which  it  sends  up  annual, 
succulent,  flowering  stems ; 
primary  internodes  unde- 
veloped. 

Leme^  simple,  radical 
and  cauline,  alternate,  ex- 
stipulate,  petiolate,  gla- 
brous, succulent,  glaucous, 
paler  beneath  and  glaucous, 
with  alternate,  ascending  nerves,  discernible  with  difiiculty  ;  petioles 
in  the  seedhng  grooved  above,  convex  on  the  back,  short,  and  as  the 
plant^grows  gradually  becoming  shorter  till  the  leaves  are "ut 

shor^e;  r^'^f  cotyledons  and  both  narrower  and 

ne"::r^^^^^^^^^  ^''^  ^l^ernate 

Sedum  asiaticum,  DC. 

Primary  root  as  in  last  species. 

Bypocotyl  stout,  succulent,  glabrous,  purphsh,  4  mm.lonc 
Cotyledons  succulent,  glaucous,  glabrous  f  lamina  bJoadW  oval 


Fig.  333.—Sedum  Bhodiola,  x  2. 
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Stem  herbaceous,  succulent ;  persistent  part  stout,  developing 
slowly. 

Leaves.  Arrangement  &c.  as  in  last  species  ;  petioles  succulent, 
flattened  slightly  on  the  upper  side,  convex  beneath. 

Nos.  1-4.  Rotund-ovate,  obtuse,  entire,  but  having  marks  on  the 
under  side  foreshadowing  teeth. 

Ultimate  leaves  very  densely  arranged  on  the  flowering  stem 
only,  scattered  or  almost  pseudo-verticillate,  lanceolate  or  linear, 
acute,  with  a  median  nerve,  distantly  serrate,  horizontal,  light  green. 

Grammanthes  gentianoides,  DC. 

Hypocotyl  erect,  striated,  glabrous,  1-2-2  cm.  long,  light  green 
or  colourless. 

Cotyledons  subrotund,  thick,  fleshy,  entire,  very  shortly  petiolate, 
light  green,  glabrous,  without  any  apparent  venation. 

Stem  erect,  terete,  herbaceous  ;  1st  internode  5-6  mm.  long ; 
2nd  imperceptible  at  first. 

First  leaves  simple,  entire,  cauhne,  opposite,  oblong,  thick,  fleshy, 
green,  glabrous,  without  any  apparent  venation. 


DKOSERACE^. 

Benth.  et  Hook.  Gen.  PI.  i.  6G1. 

Fruit  and  Seed.— The  ovary  is  one-  to  five-celled,  the  ovules 
are  usually  very  numerous,  anatropous,  axile  or  parietal,  some- 
times basal,  but  very  rarely  suspended  from  the  apex  of  the 
cavity.    The  raphe  and  micropyle  vary  accordingly.  The 
fruit  is  a  capsule  with  as  many  cells  as  the  ovary,  and  dehisces 
loculicidally.  The  usually  numerous  seeds  are  small  and  albu- 
minous, with  a  loose  and  reticulate  or  close-fitting  testa,  wliich 
is  sometimes  covered  with  granular  elevations  as  in  Drosera 
anglica,  or  is  crustaceous,  smooth,  and  shining.    The  embryo 
is  straight  in  the  centre  of  a  fleshy  endosperm,  cyUndrical, 
and  about  equal  to  the  endosperm  in  length,  with  the  radicle 
sometimes  projecting  beyond  the  latter.    In  Drosera  anghca, 
and  some  other  species,  as  well  as  in  Dionrea  muscipula,  it  is 
minute,  and  lies  at  the  base  of  the  endosperm  close  to  the 
hilum. 
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Seedlings.— According  to  Nitschke,'  Drosera  rotuiidifolia 
does  not  start  with  a  rosette  of  leaves.  The  young  plant 
works  its  way  up  through  the  Sphagnum,  and  the  first 
leaves  are  similar  in  shape  to  those  of  D.  anglica.  The 
behaviour  of  the  seedling  appears  to  be  dependent  upon  the 
medium  upon  or  in  which  the  seed  germinates,  or,  in  other 
words,  to  the  convenience  offered  the  plant  to  spread  out  its 
leaves  m  a  rosette  with  full  exposure  to  sunlight.  It  is 
a  case  of  adaptation  to  surroundings.  Seedlings  belong- 
ing to  other  Orders  and  having  large  seeds  are  enabled  to 
carry  up  their  cotyledons  or  leaves,  or  both,  to  the  Hght  by 
the  elongation  of  the  hypocotyl  or  the  lower  internodes  of  the 
stem,  while  the  primary  leaves  may  be  reduced  to  the  condi- 
tion of  scales. 

The  cotyledons  of  D.  rotundifolia  are  small  and  spathu- 
late.  Those  of  D.  binata  are  minute  and  linear- spathulate. 
The  first  six  or  more  leaves  have  an  orbicular  glandular-hairy 
lamina,  followed  by  some  which  are  obreniform  or  broadly 
triangular.  The  ultimate  leaves  are  bifurcate  with  narrowly 
Imear,  glandular-hairy  segments, 

Drosera  binata,  Labill. 

_  Prima/ry  root  short,  stout,  blunt,  covered  with  brown  root-hairs 
with  one  or  two  short  stout  lateral  rootlets.  ' 

Cotyledons  minute,  linear-spathulate,  glabrous,  pale  green,  about 
l-l"o  mm.  long. 

Stem  undeveloped. 

Leaves  simple,  entire  at  first,  then  forked,  ultimately  bifurcate 
radical,  alternate,  stipulate,  petiolate,  glandular-hairy  and  grooved 
above,  thickened  at  the  margin,  glabrous,  grooved  beneath,  green  and 
shimng  ;  glandular  hairs  with  the  lower  half  pale  green,  the  upper 
half  more  or  less  purple  and  tipped  with  purple  globose  glands  • 
petio  es  compressed  with  rounded  edges,  glabrous,  grass-green ' 
stipules  in  the  adult  plant  connate  by  their  contiguous  margins  vL 
fearious''  °^  ^"^^"^^^^^  ^^^^^^^  brown, 

Nos  1-6  or  more.  Very  small  with  an  orbicular  glandular-hairv 
a7,r  A  ;f  fli^«/y^\i".  this  small  state  ;  the  glands  secrete 
a  nuid,  and  the  stalks  of  the  hairs  incurve  on  the  insect. 


'  Bot.  Zcit.  1860,  p.  57,  taf.  ii. 
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Further  stages  of  the  leaves  are  broadly  cuneate,  then  obtusely 
triangular  ;  the  upper  two  angles  of  the  leaf  gradually  elongate 
until  they  become  acute  and  slender.  The  elongated  points  even 
at  this  early  stage  are  involute  in  vernation,  with  unusually  long 
hairs  very  sensitive  to  contact  with  an  insect.  The  glands  however 
are  quite  dry  until  the  points  of  the  leaf  are  fully  expanded. 

Ultimate  leaves  bifurcate,  with  long  petioles,  dividing  at  the 
apex  of  the  glabrous  petiole  into  two  branches  which  again  divide 
into  two  branches  about  1-1  cm.  above  the  first  fork;  branches 
linear,  attenuate,  gland\ilar-hairy  above,  grooved  on  both  surfaces, 
thickened  at  the  margin — two  anterior  branches  shortest,  diverging 
— two  posterior  ones  ascending,  and  diverging  upwards. 

Drosophyllum  lusitanicum,  Link. 

Primary  root  long,  slender,  blackish  or  brown,  with  numerous 
brown  root-hairs,  but  unbranched  when  young. 

Hypocotyl  subterranean,  colourless,  naked,  2  mm.  long. 

Cotyledons  subterranean,  and  remaining  in  the  seed  after  germi- 
nation, petiolate  ;  petioles  directed  to  one  side  of  the  stem,  colour- 
less, short,  but  sufficiently  long  to  readily  permit  of  the  plumule 
escaping  from  the  seed. 

Stem  erect,  terete,  pale  green  and  glabrous  in  the  early  stages  ; 
1st  internode  1-1-2  cm.  long ;  2nd  very  much  shorter.  . 

Leaves  simple,  entire,  cauline,  alternate  except  the  first  pah, 
stipulate,  sessile,  linear,  ckcinate  in  vernation  and  rolled  backwards, 
with  numerous  sessile  glands  apparently  immersed  in  the  tissue  of 
the  edges  and  upper  surface,  and  with  stalked  and  capitate  glands 
on  the  back  and  edges  but  particularly  on  the  latter  in  the  seedhng 
stage. 

Fu-st  pair  opposite  or  on  slightly  different  levels,  sHghtly  connate 
at  the  base,  linear,  acute,  shallowly  grooved  above,  with  a  distmct 
midrib,  and  stalked  glands  on  the  edges,  and  a  few  on  the  back. 

Nos.  2  and  3.  Alternate,  but  otherwise  very  similar,  and  at  this 
early  stage  circinate  at  the  tip. 

Seedhngs  with  four  leaves  like  the  above  were  densely  covered 
with  flies  of  various  sizes  both  dead  and  aUve,  often  fixed  to  the 
glands  by  their  feet  only  and  strugghng  to  escape.  The  viscid 
secretion  of  the  glands  may  be  drawn  out  to  a  length  of  some  mches. 
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HAMAMELIDEiE. 

Benth.  et  Hook.  Gen.  PI.  i.  664. 

Fruit  and  Seed. — Ovary  of  two  carpels  forming  a  more 
or  less  perfectly  two-celled  fruit,  more  or  less  inferior,  seldom 
quite  superior. 

The  ovules  are  numerous,  few  or  solitary,  pendulous, 
anatropous,  and  fixed  to  axile  placentas  in  one  or  more  series, 
with  a  superior  micropyle  and  ventral  raphe.  The  woody 
capsule  is  bilobed  at  the  apex  and  dehisces  by  two  bifid 
valves  to  the  middle  or  base  of  the  fruit.  Sometimes  the 
exocarp  separates  from  the  horny  endocarp  which  contains 
the  seeds.  Where  these  are  numerous  they  are  imbricated, 
angled,  compressed  and  winged;  but  when  solitary  in  each 
cell  they  are  oblong  with  a  bony  or  crustaceous  testa.  A 
small  or  moderately  thick  fleshy  layer  of  endosperm  is  pre- 
sent embedding  the  large  embryo  which  is  straight  with 
fohaceous  cotyledons,  and  a  terete  radicle.  The  latter  is 
equal  to,  shorter,  or  longer  than  the  flat  cotyledons  in  different 
species. 

Winged  seeds  containing  the  large  embryo  characteristic 
of  this  Order  are  represented  by  Ehodoleia  Championi  (fig.  334). 
The  cotyledons  in  this  case,  as  in  HamameHs,  are.  subcordate 
at  the  base. 

Seedlings— The  size  and  shape  of  the  cotyledons  after 
germination  in  those  cases  where  the  embryo  is  of  propor- 
tionately large  size  while  still  in  the  seed,  seem  to  alter  less 
than  those  with  a  small  embryo  embedded  in  endosperm.  An 
example  of  this  is  met  with  in  Bucklandia  populnea  (fig.  335), 
which  has  oblong,  entire,  subemarginate  petiolate  cotyledons! 
They  are  oblong  and  flat  while  still  in  the  seed. 

Ehodoleia  Championi,  Hook.  (fig.  834). 

Pistil  syncarpous,  inferior;  ovary  of  two  carpels,  two-celled, 
many-ovuled ;  ovules  pendulous  or  horizontal ;  micropyle  superior 
or  horizontal. 

Fruit  a  capsule,  cuspidate,  glabrous,  woody,  two-celled,  many- 
seeded,  dehiscing  by  two  bifid  valves. 

Seeds  imbricate  in  two  rows,  much  compressed,  variously  shaped 
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and  angled,  sometimes  slightly  winged,  glabrous,  pale  brown  ;  testa 
thicker  than  the  tegmen,  subcrustaceous  when  dry,  cortical  interiorly ; 
tegmen  thin,  membranous,  pale  brown,  closely  appUed  to  the  endo- 
sperm ;  hilum  and  micropyle  basal,  contiguous. 

Endosperm  moderately  copious,  fleshy,  colourless  when  moist. 

Embryo  large,  straight  and  axile,  embedded  in  the  endosperm, 
and  falling  a  little  short  of  it  in  length  and  breadth,  colourless  ; 
cotyledons  oblong-ovate,  very  obtuse,  rounded  at  the  base,  entire, 
plano-convex,  lying  in  the  broader  plane  of  the  seed  with  their  backs 
to  the  placenta  if  the  seed  is  pendulous,  but  with  the  radicle  pointing 
in  that  direction  if  the  seed  is  horizontal,  with  a  distinct  midrib  and 


Pig.  BSi.—Bhodoleia  Championi,  x  7.  A,  longitudinal  section  of  seed. 
B,  transverse  section  of  same:  OT,  testa;  IT,  tegmen;  C,  cotyle- 
don; jB,  radicle;  P,  endosperm,  TF,  wing. 


a  few  alternate  ascending  lateral  nerves  ;  radicle  oblong  or  cyHn- 
drical,  obtuse,  several  times  shorter  than  the  cotyledons,  imbedded 
in  endosperm  close  to  the  micropyle. 

Bucklandia  populnea,  B.  Br.  (fig.  335). 

Hypocotyl  woody,  erect,  terete,  pubescent  or  covered  with  short, 
fleshy,  hyaline  hairs,  8  mm,  above  the  soil. 

Cotyledons  oblong,  obtuse,  entire  or  minutely  emarginate,  petio- 
late,  coriaceous,  glabrous,  deep  green  above,  purpUsh-red  beneath ; 
lamina  1-25  cm.  long,  6-5  mm.  wide  ;  petiole  flattened  above, 
pubescent  like  the  hypocotyl,  3  mm.  long. 

Stem  woody,  erect,  terete,  purpHsh,  densely  covered  with  brown 
hairs  ;  first  internode  1-15  cm.  long. 

Leaves  simple,  entire,  cauline,  alternate,  stipulate,  petiolate, 
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thinly  hairy  and  deep  green  above,  ciHate  at  the  margin,  paler  beneath 
and  glabrous  except  on  the  midrib,  coriaceous ;  petioles  subterete, 
slightly  channelled  above,  purplish  and  covered  with  brown  hairs ; 
stipules  ovate-oblong   or  oblong, 
obtuse,  pale  green  or  reddish,  thinly 
hairy  along  the  midrib  and  mar- 
gin, enclosing  and  protecting  the 
younger  bud  or  leaf,  very  large  in 
the  adult  plant,  obliquely  oval  with 
three  to  four  nerves  on  one  side  of 
the  midrib,  and  four  to  five  on  the 
other,  deciduous. 

No.  1.  Ovate-subcordate,  sub- 
acute, trinerved  and  sHghtly  reticu- 
late. 

Ultimate  leaves  large,  cordate, 
acuminate,  five-  to  seven-nerved, 
nerves  incurved,  reticulate,  coria- 
ceous, glabrous,  cartilaginous  at  the  margin  and  subundulate,  light 
green,  often  suffused  with  crimson  ;  petiole  subterete,  sUghtly  flat- 
tened above,  thickened  at  base  and  apex,  glabrous. 


Pig.  335. — Buchlandia  populnea. 
Nat.  size. 


HALORAGEJE. 

Benth.  et  Hook.  Gen.  PI.  i.  673. 

Fruit  and  Seed. — Ovary  of  one  to  four  carpels  with  as  many 
cells,  but  a  three-celled  condition  is  rare.  Ovules  pendulous, 
anatropous,  and  solitary  in  each  carpel.  Fruit  small  and 
nut-like  or  baccate,  compressed,  ribbed,  angled,  or  winged, 
one- to  three-celled,  indehiscent,  or  breaking  up  into  as  many 
cocci  as  there  are  carpels.  The  testa  is  thin  and  mem- 
branous, enclosing  a  copious  layer  of  fleshy  endosperm.  The 
embryo  is  somewhat  cylindrical,  straight,  and  almost  equal 
to  the  endosperm  in  length.  The  radicle  is  elongated  and 
stout,  the  cotyledons  proportionately  very  short  and  blunt,  as 
m  Hippuris  vulgaris.  In  Gunnera  scabra  and  other  species 
the  embryo  is  minute,  obcordate,  and  embedded  in  endosperm 
close  to  the  upper  end  of  the  seed.  In  Loudonia  the  seeds 
are  comparatively  very  large. 
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Seedlings. — The  cotyledons  of  Gunnera  chilensis  (fig.  336) 
are  oblong,  trinerved,  petiolate,  and  ciliated.  The  first  leaf  is 
cordate  and  crenate-serrate, 

Gunnera  cMlensis,  Lam.  (fig.  336). 

Hypocotyl  erect,  terete,  finely 
pubescent,  greenish,  5-10  mm.  long. 

Cotyledcms  oblong-oval,  obtuse, 
entire,  petiolate  with  flat  petioles, 
cihated,  minutely  pubescent,  hght 
green,  indistinctly  trinerved. 

Stem  with  primary  internodes  un- 
developed. 

First  leaves  simple,  radical,  alter- 
nate, petiolate,  exstipulate,  ovate, 
obtuse,  cordate  at  the  base,  obtusely 
serrate,  cihate,  pubescent,  hght  green, 
palminerved ;  petioles  long,  furrowed 
on  the  upper  side. 


COMBEETACE/E. 

Benth.  et  Hook.  Gen.  PL  i.  693. 

Ovary  inferior,  one-celled.  Ovules  two  or  rarely  five,  pend- 
ulous from  the  top  of  the  cell,  with  long  funicles,  short  in  the 
tribe  Gyrocarpeae,  anatropous.  Fruit  drupaceous,  often  winged 
longitudinally.  Seed  usually  solitary  by  arrest ;  testa  mem- 
branous, thin ;  tegmen  swollen,  intruded  between  the  folds  of 
the  cotyledons.  Embryo  exalbuminous,  straight ;  cotyledons 
foliaceous,  rohed  into  a  spiral,  or  thick,  folded  lengthwise,  or 
crumpled.    Kadicle  near  the  hilum,  superior. 

Combretum  sundaicum,  Miq. 

Hypocotyl  undeveloped  or  very  short  and  subterranean,  cotyle- 
dons subterranean. 

Stem  erect,  terete,  pubescent,  soon  becoming  woody,  first  inter- 
node  very  short,  or  more  often  elongated. 

Leaves  simple,  cauline,  alternate,  exstipulate  with  short  petioles, 
nerves  alternate  and  incurved,  entire,  glabrous,  except  the  pubescent 
petiole. 


Fig.  336. — Gwnnera  chilensis. 
Nat.  size. 
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No.  1.  Sometimes  small,  subterranean  and  colourless,  or 
aerial  and  green,  or  the  first  as  well  as  the  second  is  foliaceous, 
small  and  ovate. 

No.  3.  Generallyconsiderablylonger  and  ovate- elliptic,  acuminate. 
Nos.  4  and  6.  In  strong  seedhngs  elHptic  and  generally  acumi- 
nate, but  with  an  obtuse  apex.    Much  longer  than  the  preceding. 


MYRTACEiE. 

Benth.  et  Hook.  Gen.  PI.  i.  690. 

F7-uit  and  Seed. — The  syncarpous  ovary  is  entirely  sunk  in 
the  receptacle,  rarely  half  or  wholly  superior  with  the  exception 
of  its  broad  base.    The  exceptions  are  Fropiera  with  a  wholly 
superior  ovary,  while  it  is  also  almost  superior  in  several  species 
of  Tristania,  Hypocalymna,  Bfeckea,  and  Xanthostemon.    It  is 
most  often  two-  to  many-celled  with  axile  placentas,  but  some  - 
times  it  is  one-celled  owing  to  an  imperfect  dissepiment,  with 
a  basal  placenta,  or  the  latter  is  fiHform  and  fixed  to  the  base 
and  apex  of  the  cavity.    Very  rarely  is  it  one-celled  with  two 
parietal  placentas.    The  ovules  are  campylotropous  or  anatro- 
pous,  and  vary  from  two  to  many,  and  are  arranged  in  two  or 
more  series  on  each  placenta. 

The  fruit  is  sometimes  capsular,  dehiscing  vertically  by 
as  many  valves  as  there  are  cells.  In  other  cases  it  is  dry, 
baccate  or  drupaceous,  one-  or  many-seeded  and  indehiscent. 
The  seeds  vary  greatly  in  size  and  form  even  in  the  same  genus. 
They  have  sometimes  a  membranous  (as  in  the  case  of  Eucalyp- 
tus), crustaceous,  fleshy,  or  woody  testa.  Endosperm  is  nearly 
always  absent,  or  when  present  occupies  a  small  portion  of  the 
seed  close  to  the  hilum ;  it  is  said  to  be  copious  in  a  few  cases. 
The  embryo  is  straight,  curved  in  a  circinate  manner,  or  spiral  ; 
sometimes  it  is  thick  and  fleshy  with  mmute  cotyledons  at 
the  smaller  end  of  the  seed,  or  hooked  or  almost  absent.  In 
other  cases  the  cotyledons  are  foliaceous,  longer  than  the 
radicle,  sometimes  coiled  round  it ;  and  sometimes  they  are 
fleshy,  flat,  twisted,  plaited,  or  thick  and  free,  or  soldered 
together  in  a  solid  mass. 

'An  exceptional  case  occurs  in  the  genus  Feijoa  which 
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contains  a  solitary  Brazilian  species  with  angled,  albuminous 
seeds  and  a  straight  embryo  with  flat,  foliaceous  cotyledons. 

The  embryos  of  species  of  Eucalyptus  coming  under  my 
notice  are  remarkable  for  the  way  in  which  the  cotyledons 
are  deflexed  and  become  folded  or  coiled  round  the  radicle. 
The  latter  is  straight  in  E.  Globulus  (fig.  338),  as  are  the  petioles 
for  part  of  their  length,  while  the  upper  portion  is  bent  at 
right  angles  to  reach  the  base  of  the  cotyledons.  The  whole 
length  of  the  seed  is  occupied  by  the  radicle,  the  straight 
portion  of  the  petioles,  and  the  real  length  of  the  cotyledons 
which  is  not  great.  The  size  of  the  latter  and  their  lobed  ap- 
pearance is  due  to  their  being  deflexed  and  growing  in  a  lateral 
direction  till  they  reach  the  base  of  the  seed  while  their  apical 
edge  becomes  coiled  round  the  radicle.  The  middle  portion 
through  which  the  midrib  runs  cannot  coil  round  the  radicle 
and  is  therefore  short,  thus  giving  rise  to  the  apical  sinus. 
This  will  be  better  understood  by  reference  to  the  seedlings. 
A  closely  similar  or  identical  case  occurs  in  E.  marginata, 
a  transverse  section  of  which  shows  the  manner  of  coiling 
round  the  radicle.  Although  the  section  showing  the  coil  is 
transverse  to  the  seed,  it  is  really  through  the  longitudinal 
plane  of  the  cotyledons.  E,  stellulata  (fig.  341)  has  very 
much  smaller  and  narrower  seeds,  and  the  coiling  is  therefore 
less  extensive.  The  radicle  is  club-shaped,  thickest  at  the 
point,  and  central  to  the  cotyledons. 

A  very  different  case  is  met  with  in  Couroupita  guianensis 
(fig.  347),  where  the  clavate  radicle  occupies  the  periphery  of 
the  seed,  passing  entirely  round  it  a,nd  girdling  the  fohaceous, 
much  plaited,  or  folded  and  crumpled  cotyledons.  The  seed 
is  large,  suborbicular,  laterally  compressed  and  oval  or  elUptic 
in  transverse  section. 

Seedlings.— The  cotyledons  in  the  seedling  stage  differ 
greatly  according  to  the  size  and  shape  of  the  seed.  Amongst 
those  observed,  three  types  with  some  remarkable  exceptions 
may  be  cited  ;  but  there  can  be  little  question  that  if  an  ex- 
haustive series  of  species  were  examined  the  number  both 
of  types  and  exceptions  would  be  considerably  increased. 
The  simplest  type  is  that  represented  by  Callistemon  rigidus 
(fig.  337),  having  small,  elliptic  or  subrhomboid  cotyledons. 
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This  type  is  also  exemplified  in  C.  speciosus,  C.  Cunninghamii, 
Psidium,  and  strikingly  so  in  Tristania  conferta  (fig.  345)! 
There  is  a  slight  departure  or  modification  of  the  type  in 
CaUistemon  Cunninghamii  where  the  cotyledons  present  the 
appearance  of  being  obscurely  trifid.  Those  of  Psidium  are 
much  larger  than  usual,  and  leaf-like,  and  those  of  Melaleuca 
hypericifolia  obovate  or  roundly  ovate. 

All  of  the  above  species  agree  in  having  the  first  pair  of 
leaves  opposite,  whHe  a  number  of  them  have  several  pairs 
with  this  arrangement.  In  the  seedling  stage  the  species  of 
CaUistemon  have  small,  myrtle-hke  leaves,  very  different  from 
the  adult  form  which  is  linear  or  lanceolate,  and  rather  rigid 
with  the  edges  vertical  by  a  twisting  of  the  Very  short  petiole' 
The  primary  leaves  of  Tristania  conferta  and  Psidium  are 
also  small  and  myrtle-like.  Those  of  Melaleuca  hypericifoHa 
are  small  and  lanceolate. 

_    Most  of  the  species  of  Eucalyptus  observed  have  characters 
m  common  m  the  form  of  the  cotyledons.    They  are  trans 
versely  oblong,  with  or  without  a  shallow  sinus  at  the  apex  with 
a  short  midrib  terminating  in  the  sinus,  and  a  longer  lateral 
nerve  runnmg  along  the  centre  of  the  lateral  lobes.  Thev 
are  practically,  therefore,  trinerved;  but  the  whole  of  the 
venation  is  sometimes  obscure  or  indiscernible  owing  to  the 
opacity  of  the  cotyledons.    The  real  apex  of  the  latter  is  in 
the  notch  ;  and  the  length  of  the  lateral  lobes  together  with 
the  origm  of  the  sinus  is  explained  below.    Species  agreeing 
m  the  mam  with  the  above  particulars  are  Eucalyptus  Globu- 
lus (fig.  339),  E.  rostrata,  E.  cordata,  E.  leucoxylon  (fig  340) 
and  E.  steUulata.    A  slight  modification  of  the  above  is  seen 
in  E.  coccifera  having  small,  obcordate  cotyledons  with  a 
cuneate  base.    A  greatly  exaggerated  form  is  met  with  in  E 
occidentaHs  (fig.  342)  where  the  lateral  lobes  are  ascending 
or  suberect  so  as  to  give  the  cotyledons  a  furcate  appear 
ance  strongly  resembling  those  of  Pentapetes  puniceus  aniongst 
the  btercuhaceaB,  with  similar  venation.    The  cotyledons  of 
ih.  ficifoha  are  transversely  oblongn-eniform,  with  a  moder 
ately  deep  notch  at  the  base,  a  very  shallow  apical  sinus 
the  three  nerves  copiously  branched,  and  long  ascending 
petioles.    On  the  whole  they  may  be  compared  to  those  of  a 
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Geranium.  The  long  petioles  show  a  transition  to  a  still 
more  remarkable  type  occurring  in  E.  marginata  (fig.  343),  in 
which  the  hypocotyl  is  subterranean  and  extremely  short, 
while  this  deficiency  is  compensated  for  by  the  length  of  the 
petioles.  The  lamina  is  obcordate,  cuneate  and  trinerved, 
resembling  a  Brassica,  A  striking  departure  from  the  common 
type  occurs  in  E.  calophylla  (fig.  344)  having  reniform-orbi- 
cular,  incipiently  emarginate,  foliaceous  cotyledons  of  great 
size.  The  three  nerves  are  copiously  branched,  the  lateral 
ones  again  having  three  main  divisions. 

They  all  agree  in  having  the  primary  leaves  opposite  and 
entire,  but  these  differ  slightly  in  form.  Those  of  E.  Globulus 
are  linear- lanceolate ;  of  E.  rostrata,  E.  cordata  and  E. 
leucoxylon,  lanceolate;  of  E.  stellulata,  oval;  of  E.  coccifera, 
E.  marginata,  and  E.  ficifolia,  ovate;  of  E.  occidentaUs,  ob- 
long ;  and  of  E.  calophylla,  cordate,  covered  on  both  surfaces 
with  crystalline  glands.  The  primary  leaves  of  many  indi- 
vidual specimens  of  E.  ficifolia  are  more  or  less  distinctly 
alternate. 

Amongst  the  species  with  aerial  cotyledons  are  some  which 
must  be  considered  exceptions  to  the  above-mentioned  types. 
Ehodomyrtus  tomentosa  has  oblong-ovate,  obtuse,  shortly 
petiolate,  penninerved  cotyledons  which  are  much  longer 
than  the  first  two  pairs  of  roundly  ovate  leaves.  A  most  re- 
markable case  occurs  in  a  species  of  Lecythis,  seeds  of  which 
were  sent  to  Kew  from  Trmidad  under  the  name  of  L.  OUaria 
(fig.  349).  The  cotyledons  are  palmately  five-nerved  and 
seven-  to  nme-lobed  with  finger-like,  bluntly  pointed  seg- 
ments. The  first  five  or  more  leaves  are  lanceolate,  finely 
serrated  and  much  smaller  (especially  the  first  two)  than  the 
fohaceous  persistent  cotyledons. 

In  a  third  type  the  cotyledons  where  present  are  sub- 
terranean and  shortly  petiolate  as  in  Eugenia  bracteata  (fig. 
346).  The  embryo  of  Lecythis  Zabucajo  (fig.  348)  consists 
of  a  'solid  piece  while  still  in  the  seed,  to  the  interior  of  which 
it  strictly  conforms.  It  is  narrowly  elUpsoid  or  fusiform,  and 
is  evidently  homologous  with  the  hypocotyl  which  has  become 
thickened  and  fleshy  in  this  remarkable  way  in  order  to  con- 
stitute a  storehouse  of  reserve-material.    By  remaining  in  the 
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thick  and  woody  testa  both  during  and  after  germination  it 
would  be  protected  from  the  depredations  of  animals.  Coty- 
ledons are  absent  or  very  minute.  This  being  the  case  it 
follows  that  the  seedling  must  behave  differently  from  those 
having  cotyledons  which  are  also  generally  if  not  always 
petiolate  when  they  are  subterranean  or  remain  in  the  testa 
in  germination,  as  in  Eugenia  bracteata  and  others  mentioned 
above.  The  petioles  in  these  cases  allow  the  whole  of  the 
embryo  to  escape  from  the  testa,  with  exception  of  the  fleshy 
lammae  of  the  cotyledons.  On  the  contrary  the  fleshy 
hypocotyl  of  Lecythis  Zabucajo  is  held  fast  while  the  plumule 
splits  the  testa  and  pushes  its  way  out  at  one  end  of  the 
seed  and  the  radicle  at  the  other.  The  allied  Bertholletia 
excelsa  (fig.  350)  behaves  in  the  same  way,  as  well  as  Barring- 
tonia  speciosa. 

That  there  is  good  ground  for  considering  this  fleshy  un- 
divided embryo  as  homologous  with  the  hypocotyl  may  be 
inferred  from  species  belonging  to  other  genera.  For  instance 
m  Couroupita  the  radicle  (so  called)  is  long,  clavate  and 
curved  round  the  outside  of  the  cotyledons ;  in  Couratari  it  is 
very  large  and  cyHndrical ;  in  Planchonia  it  is  very  long, 
clavate  and  spirally  convolute,  while  the  cotyledons  are  short  ; 
but  in  Careya,  Barringtonia,  Lecythis  and  Bertholletia  the 
embryo  is  quite  undivided,  with  a  bud  at  one  end  and  the 
radicle  proper  at  the  other. 

It  is  usual  for  some  of  the  primary  leaves  to  be  reduced 
to  colourless  or  brown  scales  when  the  cotyledons  are  subter- 
ranean. The  first  two  pairs  of  Eugenia  bracteata  are  in  this 
condition.  A  great  number  of  the  primary  leaves  of  Berthol- 
letia excelsa  are  very  small  and  completely  cover  the  lower 
part  of  the  stem  owing  to  the  non-development  of  the  inter- 
nodes.  They  gradually  change  from  sheathing  organs  to 
perfect  leaves,  of  gradually  increasing  length.  The  first  eight 
are  colourless,  the  next  five  are  oblong,  followed  by  one  or 
more  lanceolate  ones,  while  the  fifteenth  and  sixteenth  are 
oblong-obovate,  but  very  moderate  in  size.  Only  three  or 
four  of  the  first  leaves  of  Lecythis  Zabucajo  are  scale-like 
In  all  three  species  the  colourless  leaves  would  act  as  a  pro- 
tection to  the  plumule  while  pushing  its  way  through  the  soil 
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or  whatever  else  might  have  accumulated  above  the  seeds  in 
a  state  of  nature.  The  second  four  leaves  of  Lecythis  are 
roundly  cordate  followed  by  four  that  are  ovate,  and  then  by 
others  which  are  lanceolate.  The  ultimate  form  is  oblong- 
lanceolate,  serrate,  and  the  leaves  are  alternate,  distichous, 
and  arranged  on  the  half  plan. 

Callistemon  rigidus,  B.  Br.  (fig.  337). 

Primary  root  fibrous,  tapering  downwards,  normal. 
•    Hypocotyl  erect,  terete,  glabrous,  reddish,  4-7*5  mm.  long. 

Cotyledons  elliptic  or  rather  rhomboid,  obtuse,  petiolate,  glabrous, 
with  what  appear  to  be  alternate,  ascending,  very  obscure  nerves  in 
the  fresh  state,  entire,  rather  thick,  light  green  above,  paler  beneath, 

tapering  into  the  petiole ;  lamina  1*5- 

3-  5  mm.  long,  1-25-2-5  mm.  wide ; 
petiole  flattened  above,  convex  beneath, 
l-25-2"5  mm.  long. 

Stem  erect,  terete,  somewhat  flexu- 
ose,  reddish  at  a  very  early  stage,  hairy 
or  subvillous  ;  1st  internode  1-25-2-5 
mm.  long  ;  2nd  not  developed  or  rarely 
shghtly ;   3rd  9-15  mm.  long ;  4th 

4-  5-6*5  mm. 
Leaves    simple,    entire,  cauline, 

alternate  (first  two  opposite  or  almost 
so),  exstipulate,  very  shortly  petiolate 
in  the  seedling,  but  as  the  plant  reaches 
the  adult  state  the  petiole  becomes 
shorter  and  shorter  until  the  leaves 
become  sessile,  merely  tapering  to  the 
base,  trinerved  from  base  to  apex,  and 
in  the  seedling  stage  showing  alter- 
nate, ascending  nerves  that  connect  the  median  with  the  marginal 
or  submarginal  oUes,  pubescent,  or  silky  with  adpressed  or  shghtly 
spreading  whitish  hairs,  dotted  with  pellucid  glands  ;  petioles  m  the 
seedhng  plant  short,  flattened  beneath,  convex  above. 

Nos.  1  and  2.  Opposite  or  nearly  so,  rhomboid-eUiptic,  obtuse, 
obscurely  trinerved  in  the  lower  half. 

Nos  3  to  12.  Elliptic,  acute  or  subacute,  more  or  less  dis- 
tinctly trinerved,  light  green  above,  paler  beneath  and  shinmg. 

Ultimate  leaves  linear,  acute,  or  ending  in  a  spine,  trinerved, 
with  the  marginal  ones  sunk  in  the  thickened  margmal  tissue, 


Fig.  387.- 


-Callistemon  rigidus. 
Nat.  size. 
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suddenly  tapered  at  the  apex  into  the  spine,  narrowed  to  the  base 
where  by  a  slight  twist  the  leaf  is  turned  through  an  angle  of  90°, 
and  becomes  more  or  less  vertical,  that  is,  with  its  edges  perpen- 
dicular to  the  surface  of  the  earth,  silky  on  both  sur&ces  with 
adpressed  hairs. 

Callistemon  speciosus,  DC. 

Hypocotyl  as  in  C.  rigidus. 

Cotyledons  rhomboid,  obtuse,  deep  green,  and  clothed  with 
minute  scales;  lamina  glabrous,  4*5  mm.  long,  4  mm.  wide  • 
petiole  1*5  mm.  long. 

Stem  woody,  erect;  early  internodes  very  short  or  hardly 
developed. 

Leaves  simple,  entire,  cauline,  alternate,  exstipulate,  shortly 
p  etiolate,  glabrous  in  the  young  stage  and  minutely  scaly,  deep 
green,  opaque,  obscurely  alternately  penninerved,  coriaceous,  per- 
forated with  translucent  glands;  petioles  very  short,  flattened 
above. 

Nos.  1  and  2.  Opposite,  ovate,  obtuse. 

Ultimate  leaves  lanceolate,  acute,  ascending,  placed  vertically, 
trinerved,  glabrous,  coriaceous,  pale  green,  somewhat  reticulated ; 
petiole  very  short,  twisted,  together  with  base  of  leaf,  through  an 
angle  of  90°. 

Callistemon  Cunninghamii,  ?  F.  Muell. 
Primary  root  as  in  other  species. 

Hypocotyl  short,  erect,  terete,  glabrous,  3-4  mm.  long,  hght 
green  or  colourless. 

Cotyledons  ovate,  obtuse,  shallowly  trilobed,  glabrous,  green, 
one-nerved ;  petioles  rather  long,  shallowly  channelled  on  the  upper 

Stem  erect,  terete,  herbaceous  ;  1st  internode  1-1-6  mm.  long ; 
2nd,  3rd,  4th,  rather  longer. 

First  leaves  simple,  entire,  cauline  (first  two  opposite),  others 
alternate,  ovate-oblong,  obtuse,  entire,  petiolate,  exstipulate, 
glabrous,  green,  trinerved ;  petioles  short,  flat,  shallowly  channelled 
above. 

Melaleuca  hyperioifolia,  Sm. 

Hypocotyl  erect,  terete,  glabrous,  red,  5-10  mm.  long. 
Cotyledons  ovate  or  rotund,  or  minutely  emarginate,  entire 
small,  petiolate,  glabrous,  dark  green,  indistinctly  one-nerved.  ' 
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Stem  erect,  terete,  herbaceous,  ultimately  woody,  glabrous, 
traged  with  red  ;  1st  internode  •75-l'25  mm.  long  ;  2nd,  3rd,  etc. 
varying  about  the  same  length. 

Leaves  simple,  entire,  cauline,  opposite,  decussate,  oblong, 
obtuse,  tapering  to  the  base,  sessile,  glabrous,  light  green,  one- 
nerved. 

Eucalyptus  Globulus,  Labill.  (fig.  338). 

Fruit  a  capsule,  three-  to  four-celled,  many-seeded,  sunk  in  the 
truncated  receptacle  dehiscing  along  the  middle  of  the  valves. 

Seed  horizontal,  flattened,  compressed  and  angled  laterally  or 
dorsally  into  very  various  shapes  ;  testa  deep  brown  or  black ; 
hilum  ventral,  paler  in  colour  than  the  rest  of  the  seed. 

Endosperm  absent. 

Embryo  straight  or  nearly  so,  fleshy,  colourless,  occupying  the 
whole  interior  of  the  seed,  and  conforming  to  it  in  general  outline  ; 

cotyledons  broader  than  long,  deflexed 
and  convolute  over  the  radicle,  which 
the  lobes  equal  in  length ;  haK  of  one 
cotyledon  Ues  over  half  of  the  other, 
and  consequently  only  one  half  of  each 
cotyledon  lies  against  the  testa  ;  radicle 
long,  stout,  fleshy,  truncate  at  the  end 
Fig.  sas.-Eucaiyptus  Globulus,  where  it  hes  against  the  testa,  otherwise 
Cotyledon  and  radicle,  x8:  il,  -^i^olly  cnclosed  by  the  longitudinally 
aX:hS;%r^tir?rom  coHed  cotyledons,  paraUel  with  the  axis 
which  the  other  cotyledon  has         consequently  some  distance  from 

been  separated ;  r,  radicle.  ^ 

the  hilum. 

Seedling  (fig.  339). 

Hypocotyl  erect,  terete,  about  3-5  cm.  long. 
.     Cotyledons  deeply  bifid,  trinerved,  the  middle  nerve  endmg  m 
the  sinus ;  lobes  obovate-oblong,  diverging ;  lamma  5  mm.  long, 

9  mm.  wide.  , 

Stem  woody,  erect,  terete  at  the  base,  and  quadrangular  upwards, 
warted  on  the  angles  and  faces,  covered  with  a  glaucous-white 
bloom,  then  becoming  pale  green  and  ultimately  brown  ;  1st  mter- 
node  1-2  cm.  long  ;  2nd  M  cm. ;  3rd  1-45  cm. ;  4th  1  cm.  ;  5th 
1-35  cm. ;  6th  M  cm. ;  7th  1-35  cm. ;  8th  9  mm. 

Leaves  simple,  entke,  cauline,  opposite,  decussate,  and  sessile  m 
the  young  plant,  alternate  and  petiolate  in  the  adult,  exstipu^ate, 
Hnear-lanceolate,  glabrous,  perforated  with  glands,  covered  with 
glaucous  bloom,  becoming  pale  green,  ultimately  dymg  oS  broxsn. 
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First  and  second  pairs  linear-lanceolate,  acute,  tapering  to  both 
ends. 

Third  and  fourth  pairs  lanceolate-oblong,  subacute. 

Fifth  to  eighth  pairs  (inclusive)  oblong,  acute. 

Lower  leaves  on  branches  rotund-oblong,  or  rounded,  then 
oblong-obtuse,  afterwards  oblong- 
acute, — all  subcordate  at  the  base. 

Eucalyptus  rostrata,  Schlecht. 

Eypocotyl  erect,  terete,  glabrous, 
red,  5-8  mm.  long. 

Cotyledons  small,  transversely 
oblong,  obtuse,  entire,  sometimes 
almost  cordate  at  the  base,  glabrous, 
green,  indistinctly  one-nerved,  with 
short  and  rather  flat  petioles. 

Stem  erect,  square,  herbaceous, 
ultimately  woody,  stained  with  red  ; 
1st  internode  2-4  mm. ;  2nd,  3rd  and 
4th  6-10  mm. 

First  leaves  as  in  E.  Globulus, 
but  oblong-lanceolate,  obtuse,  light 
green  above,  deep  red  beneath. 

Eucalyptus  cordata,  Labill. 

Eypocotyl  erect,  quadrangular, 
glabrous,  red,  3-4-2  cm.  long. 

trmeS^^^  ''^''^  *°  ^^^^^^^^^  emarginate. 

Stem  terete,  covered  with  tubercular  or  fleshy  protuberances, 
otherwise  as  in  E.  rostrata;  1st  to  4th  internodes  1-5-2-8  cm 
long. 

First  leaves  as  in  E.  rostrata,  but  sometimes  entke,  or  shghtly 
crenate,  sessile,  or  in  the  case  of  the  first  pairs  subsessile  and  acute. 

Eucalyptus  leucoxylon,  F.  Muell.  (fig.  340). 

Eypocotyl  terete,  glabrous,  gradually  tapering  into  the  radicle 
e-y  mm.  long.  * 

Cotyledons  as  m  E.  rostrata,  but  truncate  at  the  end,  or  some- 
times  possessing  a  small  apical  tooth,  1-25-2  mm.  long,  3-4-25  mm 
wide;   petiole  tapered  downwards,  shghtly  grooved  above,  l-TfiJ 
2'5  mm.  long.  '  ' 


Fig.  m.— Eucalyptus  Globulus, 
Half  nat.  size. 
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Stem  square,  glabrous,  pale  green  or  reddish,  ultimately  woody ; 
1st  internode  4-5  mm.  long  ;  2nd  5-5  mm. ;  8rd  4*5  mm. 

Leaves  as  in  E.  Globulus  but  oblong -lanceolate  and  petiolate ; 
petioles  tapering  towards  the  base,  channelled  or  grooved  above. 

First  pair  narrowly  oblong,  obtuse,  small, 
tapered  to  the  base. 

Second  and  fourth  pairs  oblong-lanceolate, 
obtuse,  tapering  at  both  ends,  but  mostly  at 
the  base. 


Eucalyptus  stellulata,  Sieb.  (fig.  341). 

Fruit  a  many-seeded  capsule,  dehiscing 
loculicidally  at  the  apex. 

Seed  small,  from  "75-1  mm.  long, 
variously  angled  and  shaped,  exalbuminous  ; 
testa  brownish,  smooth  ;  hilum  inconspicuous. 

Embryo  straight,  fiUing  the  interior  of 
the  seed,  colourless ;  cotyledons  transversely 
oblong,  convolute  and  folded  round  the  radicle  ; 
radicle  long,  stout,  truncate  at  the  apex, 
occupying  the  centre  of  the  seed  and  enveloped 
by  the  cotyledons. 


Fig.  340. 
Eucalyptus  leucoxylon, 
x2. 


Pig.  341.  —  Eucalyptus 

stellulata,  x  15. 
Transverse    section  of 
seed.    C,  cotyledons; 
■  B,  radicle ;  T,  testa. 


Eucalyptus  coccifera.  Hook.  f. 

Hypocotyl  terete,  woody,  glabrous,  dark 
purple  near  the  base,  1-6-2  cm.  long,  -5-1  mm. 
thick. 

Cotyledons  shortly  stalked,  •5--75  cm.  long, 
•5  cm.  wide,  obcordate,  cimeate  at  base,  retuse 
at  apex,  obscurely  nerved,  glabrous,  not  very 
thick,  dark  green  above,  dark  purple  beneath, 
rather  persistent. 
Stem  firm,  terete,  scabrous,  dark  purple ;  intemodes  vai-ying 
from  1-3  cm.  in  length,  1  mm.  thick. 

Leaves  as  in  E.  Globulus,  but  ovate,  deep  green  above,  purphsb 
beneath  at  least  in  the  seedling  stage. 

Nos.  1  and  2.  Including  the  short  scabrous  petiole,  1-1-5  cm. 
long,  -5  cm.  wide,  ovate-lanceolate,  entire,  with  sunk  midrib  and 
obscurely  penninerved,  glabrous,  thin,  dark  green  above,  dark 
purple  beneath  in  the  early  stages. 

Nos.  3  and  4.  The  same,  but  more  oblong,  rounded  at  both  ends. 
Nos.  5  and  6.  The  same,  but  larger. 
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Eucalyptus  occidentalis,  Endl.  (fig.  842). 

Hypocotyl erect,  terete,  glabrous,  l'5-2'2  cm.long,  stained  with  red. 

Cotyledons  deeply  bifid,  petiolate,  glabrous,  dark  green,  indis- 
tinctly nerved;  lobes  oblong,  narrow, 
obtuse. 

Stem  erect,  terete,  glabrous,  herba- 
ceous, ultimately  woody  ;  1st  internode 
4-5  mm.  long. 

First  leaves  linear-oblong,  obtuse, 
petiolate,  glabrous,  light  green, 
distinctly  pinnatinerved. 

Eucalyptus  ficifolia,  F.  Muell. 

Hypocotyl  erect,  terete,  covered  with 
short  bristly  hairs  2"  5-3  cm.  long, 
reddish. 

Cotyledons  reniform,  obtuse,  entire 
or  slightly  emarginate,  cordate  at  the 
base,  coriaceous,  petiolate,  glabrous 
except  on  the  petioles  which  are  covered 
with  short  bristly  hairs,  dark  green,  reddish  beneath,  palminerved. 

Stem  as  in  last  species,  but  covered  with  bristly  hairs  ;  Ist  inter- 
node 2-3-5  cm.  long ;  2nd  1-2  cm. 

First  leaves  as  in  E.  coccifera,  but  covered  with  numerous 
bristly  hairs,  tinged  with  red  below,  pinnatinerved. 

The  leaves  in  many  specimens  are  alternate,  not  opposite,  the 
internodes  between  the  pairs  of  leaves  at  first  being  very  short,  but 
increasing  in  length  after  the  second  pair. 

Eucalyptus  marginata,  Sm.  (fig.  343). 
Hypocotyl  short,  subterranean. 

Cotyledons  subrotund  or  transversely  oblong,  obtuse,  emarginate, 
asymmetrical,  petiolate,  coriaceous,  glabrous,  dark  green,  reddish 
beneath,  distinctly  triaerved  ;  petioles  long,  plano-convex,  stained 
with  red. 

Stem  as  in  E.  ficifolia. 

First  leaves  sessile,  coriaceous,  ovate-lanceolate,  subacute,  gla- 
brous, light  green,  distinctly  pinnatinerved. 

Eucalyptus  calophylla,  B.  Br.  (fig.  844). 

Hypocotyl  erect,  terete,  reddish,  densely  covered  with  blunt, 
warty,  glandular  processes,  about  1-8-1-5  cm.  above  the  soil. 
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Cotyledons  large,  foliaceous,  reniform-orbicular,  petiolate,  blunt, 
entire  except  at  the  base  or  incipiently  emarginate,  glabrous,  deep 
opaque  green  and  punctate  above,  much  paler  beneath  and  more 
conspicuously  punctate,  strongly  trinerved  from  the  base  with  the 
lateral  nerves  trifurcate  a  little  above  the  base,  and  ascending 
while  the  midrib  proceeds  nearly  straight  to  the  apex  with  a  few 
alternate,  ascending  branches ;  lamina  2-3  cm.  long,  3  cm,  wide ; 
petiole  subterete,  flattened  on  the  upper  side  above  the  base  and 


Fig.  843. — Eucalyptus  marginata.    Nat.  size. 


shallowly  grooved  upwards,  much  thickened  and  perfoHate  at  the 
base,  densely  covered  with  small  glandular  processes,  about  1-6  cm. 
long. 

Stem  erect,  terete,  ultimately  woody,  green  in  the  young  state, 
densely  covered  with  irregular  crystalline,  glandular  processes; 
Ist  internode  2-25  cm.  long  ;  2nd  5-6  mm. 

Leaves  opposite  in  the  young  plant,  covered  on  both  surfaces  and 
at  the  margin,  but  especially  on  the  petioles  and  midrib  beneath, 
with  various  sized  crystalUne,  glandular  processes,  rather  closely 
and  ascendingly  penninerved  and  reticulate  ;  petioles  dilated  and 
sUghtly  flattened  on  the  upper  side  at  the  base,  otherwise  nearly 
terete  and  tapering  upwards. 
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First  pair  broadly  cordate,  obtuse,  tipped  with  a  glandular 
mucro. 

Second  pair  cordate-ovate,  obtuse,  tipped  with  a  glandular  mucro, 
alternate. 

Tristania  conferta,  B.  Br.  (fig.  345). 

Primary  root  tapering  downwards,  sending  off  numerous  lateral 
fibres. 

Sypocotyl  erect,  quadrangular,  glabrous,  red,  1-1-3  cm.  long. 


Cotyledons  small,  rhomboid,  ovate,  obtuse,  entire  somewhat 
fleshy,  green,  glabrous,  petiolate,  trinerved  ;  petiole  rather  long  and 
flat,  glabrous. 

Stem  erect,  quadrangular,  slightly  hairy,  green ;  1st  internode 
1'2-1'5  cm.  long  ;  2nd  internode  3-4  mm. 

First  leaves  entire,  opposite,  decussate,  lanceolate,  oval,  obtuse, 
slightly  ciUate,  minutely  hairy,  green,  pinnatinerved  ;  petioles  short, 
shghtly  furrowed  above. 

Psidium  sp. 

Hypocotyl  erect,  terete  or  obtusely  quadrangular,  glabrous,  pale 
green,  about  1-8  cm.  above  the  soil. 

Cotyledons  aerial,  ovate,  acute,  cuneate  at  the  base,  glabrous. 


Fig.  344. — Eucalyptus  calophylla.    Nat.  size 
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Bhortly  petiolate,  coriaceous,  thin,  light  green  on  both  surfaces ; 
lamina  1"8  cm.  long,  8  mm.  wide  ;  petiole  about  1  mm.  long. 


Fig.  845. — Tristania  conferta,  x  2. 
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Stem  woody,  erect,  acutely  quadrangular  or  almost  four-winged, 
glabrous,  pale  reddish  ;  1st  internode  1*4  cni.  long  ;  2nd  1-9  cm. ; 
8rd  7-5  mm. 

Leaves  entire,  opposite,  glabrous,  deep  green  above,  paler  beneath , 
shining  on  both  surfaces ;  petioles  very  short,  glabrous,  channelled 
above. 

First  to  third  pairs  small,  elliptic,  obtuse,  minutely  cuspidate,  or 
apiculate. 


Rhodomyrtus  tomentosa,  Wight. 

Hypocotyl  erect,  terete,  glabrous,  5-10  mm.  long,  light  green. 

Cotyledons  linear-oblong,  obtuse,  entire,  shortly  petiolate,  gla- 
brous, shiny  green,  pinnatinerved  like  the  leaves. 

Stem  erect,  somewhat  quadrangular,  herbaceous,  ultimately 
woody ;  1st  internode  3-4  mm.  long  ;  2nd  shorter. 

First  leaves  simple,  entire,  cauline,  opposite,  ovate,  obtuse,  gla- 
brous, shiny  green,  coriaceous  with  pellucid  glands,  exstipulate, 
pinnatinerved ;  petioles  short,  shal- 
lowly  furrowed  above. 

Eagenia  bracteata,  Bausch 
(fig.  346). 

Hypocotyl  subterranean. 

Cotyledons  subterrannean  and 
remaining  in  the  seed. 

Stem  woody,  erect,  terete,  densely 
pubescent,  pale  green,  ultimately 
brown ;  1st  internode  1  cm.  long  ; 
2nd  1-15  cm.;  8rd  1-5  cm.;  4th 
8  mm. 

Leaves  as  in  last  species, 
obscurely  penninerved,  deep  green 
above,  pale  below,  shining  on  both 
surfaces,  perforated  with  glands ; 
petioles  very  short,  channelled  above, 
pubescent. 

First  and  second  pairs  reduced  to  small  scales,  green,  ultimately 
brown. 

Third  pair  oval,  obtuse,  foliaceous. 
Fourth  pair  elliptic,  obtuse,  much  larger. 


Fig.  846. — Eugenia  bracteata. 
Four-fifths  nat.  size. 
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Couroupita  gaianensis,  Aubl.  (fig.  347). 

Pisii/I  syncarpous,  superior  ;  ovary  of  five  to  seven  carpels,  many - 
ovuled ;  ovules  campylotropous. 

Fruit  subglobose, 
coriaceous  or  almost 
woody,  many-seeded, 
indeliiscent. 

Seed  large,  villous, 
transversely  oblong, 
considerably  flattened ; 
testa  crustaceous  by  a 
l^.'Z^  thickening  and  harden- 
ing of  the  inner  layer  of 
the  outer  coat,  villous  ; 
hilum  rather  conspicu- 
ous. 

Endosperm  absent. 
Embryo  curved  or 
rounded  on  itself,  or 
involute,  rather  com- 
pressed, filling  the  whole 
of  the  seed,  and  pinMsh- 
white ;  cotyledons  large, 
oblong,  contorted  and 
plicate  with  numerous 
intricate  folds  ;  radicle 
very  long,  curved  all 
round  the  seed  and  en- 
closing the  cotyledons 
in  the  centre,  clavate, 
obtuse. 


Fig.  847. — Couroupita  guianensis,  x  4. 
A,  longitudinal  section  of  seed.    B,  transverse 
section  of  seed.    H,  hilum ;  B,  radicle ;  C,  coty- 
ledons ;  0  C,  testa ;  I C,  tegmen. 


LecjrtMs  Zabucajo, 
AuU.  (fig.  348). 

Primary  root  very 
long,  stout,  woody,  giving  off  a  few  lateral  fibres,  and  leaving  the 
seed  at  the  opposite  end  to  the  plumule. 

Hypocotyl  remaining  in  the  seed,  subterranean,  large,  fleshy, 
colourless,  forming  an  oblong  mass  conforming  to  the  shape  of  the 
cavity  of  the  seed,  and  tapering  to  each  end. 
Cotyledons  probably  absent. 
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Stem  erect,  terete,  soon  becoming  woody,  tapering  gradually 
upwards,  glabrous,  light  green. 

Leaves  always  simple,  alternate,  cauline,  exstipulate,  sessile  in 
the  seedling,  but  ultimately  shortly  stalked,  distichous,  serrated, 
glabrous,  light  green,  penninerved  and  reticulated. 


Fig.  348. — Lecythia  Zabucajo.  A,  transverse  section  of  seed:  OT,  testa; 
IT,  tegmen ;  C,  fleshy  hypocotyl.  B,  germinating  embryo  removed  from 
seed.  C,  seedling :  S,  seed ;  B,  radicle ;  L,  scale-like  leaf.  Half  nat. 
size. 


Nos.  1-3  or  4.  Small,  scale-Hke,  clasping  the  stem  at  its  base. 

Nos.  4-7.  Broadly  cordate,  obtuse,  clasping  and  decurrent  on 
the  stem,  forming  a  slender  line  for  some  distance,  or,  on  the  upper 
portion  of  the  seedling,  ruiming  down  as  far  as  the  next  internode. 

Nos.  8-11.  Ovate,,  acute  or  acuminate,  slightly  toothed ;  No. 
11  slightly  stalked. 
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Nos.  12-14.  Lanceolate,  acuminate,  distantly  serrulate,  shortly 
petiolate. 

Lecythis  OUaria,  L.  ?  (fig.  849). 

The  seedUng  figured  below  (fig.  849)  was  grown  under  the  above 
name,  but  I  do  not  feel  clear  about  it.    Possibly  it  is  a  species  of 


Pig.  Si9.— Lecythis  OUwria.   Nat  size. 

Couratari.  I  figure  it,  however,  on  account  of  the  remarkable  coty 
ledons,  which  resemble  those  of  Tilia. 

Hypocotyl  erect,  terete,  finely  pubescent,  5-9  cm.  or  mon 
above  the  soil. 
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Cotyledons  very  large,  foliaceous,  aerial,  palmately  seven-  to 
eleven-nerved  and -lobed,  reticulated,  glabrous,  membranous,  shining, 
shortly  petiolate,  5-6  cm.  long  including  the  petiole,  4-5-5-2  cm. 
wide ;  middle  segment  lanceolate,  obtuse,  by  far  the  longest,  the 


Fig.  350. — BerthoUetia  excelta.   Nat.  size. 


others  gradually  becoming  shorter  towards  the  base  ;  petiole  2*5- 
3  mm.  long. 

Stem  erect  or  arching,  terete,  pubescent,  more  or  less  flexuose, 
ultimately  woody;  1st  internode  4  mm.  long;  2nd  7  mm. ;  the  others 
gradually  becoming  a  Uttle  longer. 
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Leaves  simple,  cauline,  alternate,  exstipulate,  shortly  petiolate, 
serrate,  alternately  incurvinerved,  glabrous,  bronze-coloured  in  a 
young  state,  ultimately  bright  green  and  shining,  distichous  and 
arranged  on  the  half  plan. 

No.  1.  Very  small,  lanceolate,  obtuse,  7-9  mm.  long  including 
the  petiole. 

No.  2.  Lanceolate,  three  times  as  large  as  No.  1. 

Nos.  3-8.  Lanceolate,  acuminate,  obtuse,  and  gradually  larger. 

BerthoUetia  excelsa,  H.  B.  K.  (fig.  350). 

Radicle  emerging  towards  the  opposite  end  of  the  seed  to  that 
whence  the  plumule  emerges. 

Hypocotyl,  as  in  Lecythis,  very  thick  and  fleshy,  conforming  to 
and  filUng  the  interior  of  the  seed,  subterranean. 

Cotyledons  absent. 

Stem  erect,  terete,  glabrous,  stout,  colourless  beneath  the  soil  and 
deep  brown  above  it,  ultimately  woody ;  first  eight  to  ten  intemodes 
very  short  and  covered  by  scale-like  leaves,  mostly  beneath  the 
soil ;  11-1 5th  gradually  elongating  from  6-14  mm.  long. 

Leaves  simple,  cauline,  alternate,  or  the  lower  ones  appearing 
opposite  owing  to  the  suppression  or  shortening  of  the  intemodes, 
exstipulate,  petiolate,  or  the  lower  sessile  and  clasping  the  stem  and 
scale-Uke,  alternately  incurvinerved  and  reticulate,  glabrous,  shining 
on  both  surfaces,  at  least  when  young,  and  in  that  condition  more 
or  less  stained  with  brownish-red ;  petioles  wanting  in  a  great 
number  of  the  primary  leaves,  or  short  and  sheath-like. 

Nos.  1-8  (in  specimen  examined).  Small,  colourless,  subterranean, 
scale-like. 

Nos.  9-13.  Green,  oblong,  acute,  aerial,  carinate  owing  to  the 
stout  midrib,  entire,  ascending  or  spreading. 

No.  14.  Lanceolate-oblong,  subacuminate,  entire  or  slightly 
serrulate,  much  larger  than  the  previous  ones. 

Nos.  15  and  16.  Oblong-obovate,  acuminate,  serrulate,  narrowed 
at  the  base  into  a  short  sheath-like  petiole,  clasping  the  stem  on  one 
side. 
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MELASTOMACEiE. 

Benth.  et  Hook.  Oen.  PI.  i.  725. 

Fruit  and  Seed. — The  ovary  is  free  or  more  or  less  adnata 
to  the  receptacular  cup ;  when  it  matures  into  the  fruit  the 
free  portion,  if  any,  is  nearly  always  enclosed  in  the  cup.  It 
varies  with  two  to  many  carpels  cohering  to  form  as  many 
cells.  The  members  of  the  suborder  Memecylese  constitute 
an  exception,  inasmuch  as  the  septa  often  disappear  making 
the  ovary  one-celled,  with  the  ovules  arranged  verticillately  on 
a  free  central  columella.  In  the  suborder  Melastomeae  the 
ovules  are  very  numerous  and  inserted  on  placentas  that 
project  far  into  the  interior  of  the  ovary  ;  while  in  the  suborder 
AstroniesB  the  numerous  ovules  are  ascending  and  inserted 
on  prominent  basal  or  parietal  placentas.  In  all  cases  they 
are  anatropous.  They  are  very  few  and  definite  in  the  tribe 
Miconiese  of  the  Melastomeae  and  in  the  suborder  Memecylese. 

The  fruit  is  baccate  or  capsular,  dehiscing  by  valves  or 
bursting  irregularly.  The  seeds  are  varied  in  outline  from 
cuneate,  cochleate,  or  pyramidal  to  filiform  and  are  very  small, 
except  in  the  cases  mentioned  where  the  ovules  are  few 
when  they  are  large,  globose  or  hemispherical.  The  testa  is 
membranous,  leathery,  crustaceous  and  smooth  or  rugose,  in 
Huberia  and  Acanthella  it  is  winged.  The  raphe  is  sometimes 
enlarged  and  spongy.  The  seed  is  exalbuminous,  and  whether 
large  or  small  the  embryo  occupies  the  whole  of  the  interior, 
to  which  it  conforms.  In  the  suborder  Memecylese  the  embryo 
is  large  with  plano-convex  or  subfoliaceous  cotyledons. 

Seedlings. — The  seedlings  observed  all  belong  to  the  sub- 
order Melastomeae  having  numerous  small  seeds,  consequently 
the  cotyledons  even  after  germination  are  very  small,  or  even 
minute  in  Ehexia  Mariana  (fig.  352).  The  lamina  is  only 
about  1-5  mm.  long,  by  1-2-5  mm.  wide,  shortly  petiolate 
and  rhomboid  in  outline.  The  first  three  or  four  pairs  of 
leaves  are  broadly  ovate,  trinerved  and  gradually  increase  in 
size  from  the  first  pair  which  is  very  small  or  even  minute. 
Several  succeeding  pairs  are  inclined  to  be  elliptic  and  are 
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serrate.  Ehomboid  cotyledons  also  occur  in  other  genera 
and  species,  including  Osbeckia  rubicunda  where  they  show  a 
distinct  midrib  but  no  other  venation.  The  latter  species  is 
notable  for  the  length  of  the  first  internode.  The  first  pair  of 
leaves  is  roundly  ovate,  subcordate  at  the  base  and  trinerved, 
while  two  or  more  succeeding  pairs  are  inclined  to  be  elliptic. 
Osbeckia  capitata  (fig.  351)  has  broadly  ovate,  one-nerved 
cotyledons ;  and  the  two  forms  given  are  likely  to  be  the 
prevailing  ones  throughout  a  large  number  of  the  species  with 
numerous  small  seeds.  The  first  three  pairs  of  leaves  are 
ovate,  while  succeeding  ones  are  inclined  to  be  cordate  at  the 
base,  and  from  the  third  pair  onward  they  are  five-nerved. 
Strong  nerves  proceeding  from  the  base  to  the  apex  of  the 
leaf  are  very  prevalent  and  characteristic  of  the  Order ;  but 
in  Medinilla  magnifica  and  M.  amabilis,  strong  nerves  are 
given  off  at  various  points  along  the  midrib,  and  possibly  in 
other  species,  where  the  venation  is  pinnate. 

Osbeckia  capitata,  Benth.  (fig.  351). 

Primary  root  long,  slender,  tapering  very  gradually  downwards, 
flexuose,  and  provided  at  an  early  stage  with  very  short  lateral 
rootlets. 

Hypocotyl  erect,  terete,  pubescent  with  very  minute  incurved 
hairs,  almost  colourless,  and  becoming  pale  red  at  an  early  stage, 
about  1  mm.  long  when  the  first  leaves  have  appeared,  and  elongat- 
ing little  or  none  at  all  after  this. 

Cotyledons  ovate,  obtuse,  entire,  minutely  pubescent,  at  least  at 
the  edges,  petiolate,  showing  an  indistinct  midrib,  but  no  other 
venation,  deep  green  above  and  red  beneath ;  lamina  1*5  mm.  long, 
1-25  mm.  wide  ;  petiole  flattened  above,  convex  on  the  back,  rather 
broad,  -75  mm.  long. 

They  do  not  increase  much  beyond  these  dimensions,  but  drop 
away  after  a  time. 

Stem  erect,  quadrangular;  angles  obtuse  and  densely  covered 
with  closely  and  upwardly  adpressed,  bulbous-rooted  hairs,  the 
intermediate  faces  smooth  or  more  or  less  densely  and  irregularly 
covered  with  similar  hairs,  red,  and  ultimately  shrubby ;  1st  mter- 
node  1-25-5  mm.  long  ;  2nd  1-8-2  cm. ;  8rd  1-1-1-6  cm. 

Leaves  simple,  cauhne,  entire,  opposite,  exstipulate,  petiolate, 
covered  more  or  less  densely  on  both  surfaces  with  bulbous-rooted 
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adpressed  hairs  directed  towards  the  apex,  deep  green  above,  pale 
beneath  or  often  stained  with  red  ;  petioles  very  short,  channelled 
above,  densely  hairy,  slightly  connate  at  the  base,  or  forming  a  ring 
round  the  stem,  with  one  to  three  or  more  stronger,  erect  bristles 
on  the  ring. 

First  pair  of  leaves  smaU,  ovate,  obtuse,  entire,  trinerved,  with 
comparatively  longer  petioles  than  succeeding  ones. 


Fig.  351. — Osbeckia  capitata.  A,  young  seedling,  x  4.  B,  older  seedling.  Nat.  size 

Second  pair  ovate,  obtuse,  strongly  trinerved. 

Third  pair  ovate,  obtuse,  strongly  trinerved  with  sometimes  two 
other  slender  nerves. 

Fourth  to  sixth  pairs  similar,  but  gradually  wider  and  subcordate 
at  the  base. 

Ehexia  Mariana,  L.  (fig.  852). 

Primary  root  very  long,  slender,  flexuose,  colourless,  furnished 
with  numerous  lateral  rootlets. 
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Fio.  852.— JB//ea;ia  Mariatia.  Nat.  size. 


Hypocotyl  short  and  indis- 
tinguishable from  the  root. 

Cotyledons  minute,  rhom- 
boid, obtuse,  glabrous,  shortly 
petiolate,  bronze  red;  lamina 
1'5  mm.  long,  i'25  mm.  wide  ; 
petiole  grooved  above,  1  mm. 
long. 

Stem  herbaceous,  erect,  sub- 
terete,  grooved  on  two  sides 
from  between  the  bases  of  the 
petioles  downwards  to  the  axils 
of  the  two  lower  leaves,  coarsely 
hairy,  or  glandular-hairy  when 
young,  red ;  1st  intemode  1-5 
mm.  long ;  2nd  4  mm. ;  3rd 
1-4  cm. ;  4th  2-05  cm. 

Leaves  simple,  cauline,  op- 
posite, decussate,  petiolate,  ex- 
stipulate,  coarsely  and  thinly 
glandular-hairy  on  both  sur- 
faces, trinerved,  with  the  lateral 
nerves  describing  an  ellipse, 
bronze  green  above,  deep  red 
and  shining  beneath ;  petioles 
channelled  above,  rounded  on 
the  back,  red,  very  thinly  glan- 
dular-hairy. 

First  pak  very  small, 
broadly  ovate,  obtuse,  entu-e, 
indistinctly  trinerved. 

Second  pair  larger,  similar. 
Third  pair  broadly  ovate, 
obtuse,  minutely  emarginate, 
and  minutely  apiculate  in  the 
notch  when  quite  young,  dis- 
tantly serrulate. 

Fourth  to  sixth  pairs  ovate- 
elliptic,  obtuse,  minutely  emar- 
ginate and  apiculate  in  the 
notch  when  young,  serrulate. 
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LYTHRARIE/E. 

Benth.  et  Hook.  Gen.  PL  i.  773. 

Fmit  and  Seed. — The  two-  to  six-celled  ovary  composed  of 
as  many  carpels  is  mostly  superior  or  free,  rarely  girt  at  the 
base  by  one  or  more  glands,  and  still  more  rarely  wholly 
immersed  in  the  receptacle  as  in  Punica  and  Axinandra. 
One-celled  ovaries  may  arise  by  the  destruction  of  the  septa, 
or  by  one  out  of  two  carpels  becoming  suppressed.  The  ovules 
are  numerous,  multiseriate,  anatropous,  inserted  on  axile  or 
basal,  rarely  parietal  placentas.  They  are  solitary  in  the 
cells  of  Axinandra,  reduced  to  two  in  the  one- celled  ovary  of 
Strephonema,  and  inserted  on  a  free  basal  placenta  in  the 
one-celled  ovary  of  Antherylium. 

The  fruit  is  capsular,  two-  to  six-celled  with  axile  placentas, 
or  one-celled  by  the  destruction  of  the  septa  when  the  placentas 
become  free  and  central.  Baccate  fruits  occur  in  Punica  and 
Sonneratia  which  are  in  many  respects  anomalous  for  the 
Order.  The  first  named  has  the  walls  of  the  fruit  of  a  thick 
and  leathery  nature,  while  the  seeds  are  surrounded  by  a  deep 
layer  of  watery  pulp.  The  interior  is  many-celled  with  the 
cells  arranged  in  two  tiers,  one  above  the  other.  In  other 
and  more  typical  cases  the  seeds  are  smaller,  and  terete, 
angled  or  winged,  exalbuminous  or  with  a  small  quantity  of 
endosperm.  The  testa  varies  m  different  species  both  in 
thickness  and  texture,  and  in  some  cases  it  is  pilose  or  hispid. 

The  embryo  is  generally  straight,  with  oblong  or  orbicular, 
flat,  auricled  cotyledons,  varying  in  conformity  with  the  shape 
of  the  seed.  An  exceptional  case  occurs  in  Dodecas  which  has 
small  hispid  seeds  resembling  sawdust,  containing  a  slender, 
elongated  embryo  with  linear  cotyledons,  and  a  terete  radicle. 
The  cotyledons  of  Punica  are  spirally  convolute  in  the  seed, 
and  auricled  at  the  base.  A  good  type  is  represented  by 
Cuphea  silenoides  (fig.  353).  The  cotyledons  are  suborbicular, 
deeply  auricled  at  the  base  and  distinctly  emarginate,  the 
emargination  being  due  to  a  pronounced  thickening  at  the 
slightly  indented  chalaza.    The  auricles  are  produced  in  order 
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to  occupy  the  space  on  each  side  of  the  radicle,  which  terminates 
abruptly  in  three  rounded  lobes.  The  reason  for  this  peculiar 
form  of  the  radicle  is  not  very  evident.  The  seed  in  transverse 
section  is  thinly  elliptic. 

Seedlings. — At  least  two  well-marked  types  of  cotyledons 
occur  as  well  as  a  few  striking  exceptional  instances.  One 
type  is  represented  by  Cuphea  silenoides  (fig.  354).  The 
cotyledons  are  roundly-triangular,  emarginate,  truncate  at 
the  base  and  faintly  five-nerved.    A  remarkable  point  about 
them  is  that  they  are  auricled  at  the  base  while  still  in  the 
seed  as  above  noticed,  and  for  some  time  after  germination ; 
but  as  growth  proceeds  and  they  become  fully  developed  the 
auricles  become  lost  or  obliterated  by  the  more  rapid  growth 
of  the  lamina  in  the  neighbourhood  of  their  attachment  to 
the  petiole  than  in  the  auricles  themselves.    Similar  examples 
are  met  with  in  species  of  Salvia  belonging  to  the  Labiatae, 
but  the  obliteration  of  auricles  already  well-developed  in  the 
seed  is  by  no  means  of  frequent  occurrence.    They  usually 
increase  in  size  after  germination.    The  primary  causes  of 
the  auricles,  and  the  emargination,  are  referred  to  above. 
The  abrupt  and  sublobate  condition  of  the  hypocotyl  in  the 
seed  shows  itself  after  germination  in  the  form  of  an  annular 
thickening.    C.  Eoezlii  agrees  generally  with  the  type  given, 
but  the  cotyledons  are  much  smaller  and  subcuneate  at  the 
base  when  full  grown  ;  and  the  latter  characteristic  is  no 
doubt  due  to  growth  subsequent  to  germination.    This  is 
carried  to  a  still  greater  extent  in  Cuphea  coccinea  where  the 
cotyledons  are  broadly  obcordate  with  a  cuneate  base  and 
trinerved.    The  first  pair  of  leaves  in  all  three  cases  is  ovate 
and  entire,  and  subsequent  ones  vary  between  oblong- elliptic 
or  lanceolate,  or  remain  unaltered  except  in  size. 

The  second  type  is  met  with  in  Lythrum  flexuosum  and 
other  species  which  have  oblong-oval,  obtuse  cotyledons  with 
a  cuneate  base.  In  L.  flexuosum  they  are  small,  often  slightly 
constricted  near  the  apex  and  appearing  obsoletely  trinerved. 
Venation  seems  restricted  to  a  faint  midrib.  The  primary 
leaves  at  least  are  opposite,  oblong-ovate,  and  decurrent  on 
the  stem,  making  it  quadrangular  or  narrowly  four-winged. 
An  exceptional  case  to  the  above  tji^es  is  met  with  in 
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Punica  Granatum  (fig.  355)  which  has  transversely  oblong, 
deeply  emarginate,  five-nerved  cotyledons,  rotinded  at  the 
sides.  The  outer  pair  of  nerves  follows  the  outline  of  the 
cotyledons,  parallel  to  the  margin.  Their  great  width  is  due 
to  their  being  convolute  in  the  seed,  which  is  unusually  large 
for  the  Order.  The  leaves  are  opposite,  lanceolate,  shortly 
petiolate  and  decurrent  upon  the  stem,  making  it  narrowly 
four-winged  as  in  Lythrum.  The  thick  testa  of  the  seed  splits 
open  during  germination  owmg  to  the  rapid  growth  and 
expansion  of  the  cotyledons, 

Cuphea  silenoides,  Nees  (fig.  353). 

Fruit  a  capsule,  oblong,  straight  or  oblique,  one-celled  by  rupture 
of  the  septum,  with  the  free  columnar  placenta  bearing  numerous 
seeds  on  one  side  only,  while  the  side  representing  the  placenta  of 
the  smaller  and  empty  cell  is  naked  ;  dehiscing  longitudinally  along 
one  side. 

Seed  shortly  and  broadly  obovate,  retuse,  generally  shallowly 
emarginate,  much  compressed,  glabrous,  dull  slaty-blue  marked 
with  black  dots  ;  hilum  and 
micropyle  basal ;  cbalaza 
apical,  thickened  for  a  short 
way  internally,  causing  the 
cotyledons  to  be  emarginate  ; 
raphe  forming  a  visible  ridge 
along  one  flattened  face  ;  testa 
thick,  coriaceous ;  tegmen  tbia, 
membranous,  whitish. 

Endosperm  absent. 

Embryo  straight,  confor- 
ming closely  to  the  interior 
of  the  seed  which  it  fills,  co- 
lourless ;  cotyledons  orbicular, 
emarginate,  rather  deeply  auri- 

cled  at  the  base,  plano-convex  or  nearly  flat ;  auricles  evidently 
produced  to  fill  up  the  space  in  the  seed,  and  give  room  for  the 
radicle  and  plumule  ;  radicle  protruding  slightly  beyond  the  coty- 
ledons, trilobate  with  the  middle  point  turbinate  and  generally 
longer  than  the  obtuse  lateral  points. 

Seedling  (fig.  354). 

Primary  root  tapering,  flexuose,  much  branched. 


Fig.  353. — Cuphea  silenoides,  x  10  A, 
longitudinal  section  of  seed  :  ch,  clialaza ; 
oc,  testa ;  and  ic,  tegmen  ;  r,  radicle ;  m, 
micropyle.   B,  Transverse  section  of  seed. 


550 


ON  SEEDLINGS 


Hypocotyl  erect,  terete,  glandular-hairy  towards  the  upper  end 
with  red  hairs,  and  densely  covered  with  a  minute,  colourless,  papil- 
lose pubescence,  l'6-2"8  cm.  long. 

Cotyledons  rotund-triangular,  ob- 
tuse, emarginate,  more  or  less  trun- 
cate at  the  base,  petiolate,  minutely 
puberulous  at  the  margin  and  shghtly 
glandular-hairy  on  the  midrib  be- 
neath, light  green ;  lamina  4*6-5*5 
mm.  long,  5"5-7  mm.  wide ;  petiole 
widening  slightly  upwards,  convex  on 
the  back,  channelled  above,  glan- 
dular-hairy on  the  back,  densely  and 
minutely  pubescent,  4-7  mm.  long. 

Siem  herbaceous,  annual,  erect, 
terete,  densely  glandular-hairy  with 
red  hairs,  and  minutely  pubescent 
with  short,  recurved,  colourless 
hairs  ;  1st  internode  7-13  mm.  long, 
second  shorter. 

Leaves  simple,  entke,  cauline, 
opposite,  exstipulate,  petiolate,  alter- 
nately and  ascendingly  incurvi- 
nerved,  covered  on  both  surfaces 
with  red  glandular  haks,  which 
afterwards  become  colourless,  and 
'  minutely  pubescent  on  both  surfaces 
as  well  as  the  margm  with  colour- 
less hairs  directed  towards  the  apex 
of  the  leaf;  petiole  short,  channeUed  above,  convex  on  the  back, 
hairy  like  the  leaf. 

First  pair  ovate  or  oblong,  obtuse. 

Second  and  third  pairs  oblong  or  elliptic-oblong,  obtuse. 

Cuphea  Roezlii,  Carr. 

Primary  root  normal. 

Hypocotyl  slender,  erect,  terete,  glabrous. 

Cotyledons  as  m  last  species,  but  slightly  cuneate  at  the  base 
and  glabrous  ;  lamina  3-76  mm.  long,  4  mm.  wide. 

Stevi  shrubby,  otherwise  as  in  last  species,  pale  green;  1st 
internode  scarcely  developed  or  short. 

Leaves  as  in  last  species,  but  finely  scabrous  on  both  surfaces 
with  minute  bristly  hairs  ;  petioles  scabrous,  channelled  and  green 


Fig.  354. 


—Cuphea  silenoides. 
Nat.  size. 
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above,  paler  on  the  back  and  rounded,  glandluar-hairy  on  the 
margins  of  the  channels,  and  slightly  so  all  round  at  the  base. 
First  pair  ovate,  acute,  small. 

Ultimate  leaves  ovate,  acuminate,  acute,  or  the  upper  lanceolate, 
all  tapering  to  the  base,  rather  opaque  green,  paler  beneath. 

Cuphea  coccinea,  DC. 

EyjJocotyl  similar  to  that  of  C.  silenoides,  3-5  cm.  long,  light 
green,  colourless,  or  tinged  with  red. 

Cotyledons  broadly  obcordate,  emarginate,  petiolate,  glabrous 
except  on  the  petioles,  indistinctly  trinerved. 

Stem  erect,  herbaceous,  hairy ;  1st  internode  about  1  mm.  in 
diameter. 

First  leaves  as  in  C.  silenoides,  hairy,  light  green,  very  shortly 
petiolate. 

Lythrum  flexuosum,  Lag. 

Primary  root  very  long,  slender,  flexuose,  fibrous. 

Hypocotyl  terete,  glabrous,  red,  4-12  mm.  long. 

Cotyledons  oblong-oval,  obtuse,  cuneate  at  the  base,  petiolate, 
often  shghtly  constricted  near  the  apex  and  hence  appearing  obso- 
letely  tridentate,  glabrous,  showing  a  midrib  on  the  lower  two 
thirds  of  its  length  only,  5-8  mm.  long  including  the  petiole,  3- 
4*5  mm.  wide. 

Stem  herbaceous,  erect  (in  the  seedling  stage  at  least),  quadran- 
giilar  or  somewhat  four-winged,  glabrous,  reddish  ;  1st  internode 
1-4*5  mm.  long. 

Leaves  simple,  cauline,  opposite  in  the  seedling,  exstipulate, 
sessile,  glabrous,  with  a  distinct  midrib,  and  a  few  lateral,  ascending 
indistinct  nerves. 

First  and  second  pairs  oblong-ovate,  obtuse,  entire,  sessile,  with 
their  bases  decurrent  on  the  stem  forming  the  wings. 

Punica  Granatum,  L. 

Fruit  very  large,  globose,  baccate,  glabrous,  somewhat  roughened 
on  the  exterior,  many-celled,  many-seeded,  indehiscent,  crowned 
with  the  persistent  tube  and  five-  to  seven-lobed  lamina  of  the  calyx 
on  which  the  numerous  stamens  are  persistent ;  exocarp  subcrusta- 
ceous,  yellowish  ;  style  persistent. 

Seeds  very  large,  variously  angled  by  mutual  pressure,  and  tapered 
more  or  less  to  a  cuneate  base,  glabrous  ;  outer  layer  of  testa  resolved 
into  a  deep  mass  of  watery,  reddish  pulp ;  inner  layer  coriaceous 
or  subcrustaceous  when  fresh,  ultimately  hard  ;  hilum  and  micro- 
pyle  contiguous,  basal  ;  chalaza  apical. 
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Endosperm  absent. 

Embryo  very  large,  straight,  spirally  convolute,  colourless, 
occupying  the  whole  interior  of  the  seed  ;  cotyledons  broad,  spirally 
convolute,  unequally  auricled,  varying  in  the  manner  of  folding  in 
different  seeds,  one  half  of  each  cotyledon  being  turned  inwards,  the 
other  half  round  the  exterior  of  the  coil  and  next  to  the  testa,  un- 
equal-sided, but  when  spread  out  flat  broadly  oblong,  obtuse,  entire, 
with  the  exception  of  the  basal  auricles,  or  somewhat  emarginate ; 
larger  auricle  external  to  the  coil ;  smaller  one  rolled  up  internally  ; 
radicle  about  half  the  length  of  the  cotyledons,  or  a  httle  more, 
fusiform  and  thinnest  at  the  upper  end  which  is  covered  with  the 
cotyledons,  tapered  to  a  very  obtuse  point,  and  extending  about 
1-1-5  mm.  beyond  the  cotyledons,  and  lying  in  the  basal  and  pointed 
end  of  the  seed. 

Larger  half  of  the  cotyledon  4'5-5-5  mm.  long ;  smaller  one 
3-25-4-5  mm.  long  ;  together  3-4-5  mm.  wide.  Radicle  3-8-5  mm. 
long. 

Germination. — Immediately,  or  soon  after  the  radicle  makes  its 
appearance,  the  testa  is  spHt  longitudinally  into  two  valves  by  the 

energy  of  the  swelling  cotyledons.  Root-hairs 
are  already  present  from  the  base  of  the 
hypocotyl  downwards.  When  not  very  deeply 
buried,  the  testa  is  carried  up  by  the  elongat- 
ing hypocotyl. 

Seedling  (fig.  855). 

HypoGoUjl  long,  erect,  subquadrangular, 
glabrous,  2-5-3  cm.  long,  light  green  or 
colourless. 

Cotyledons  transversely  oblong,  emargi- 
nate, glabrous,  with  short  flattened  petioles, 
dark  green,  1-1-3  cm.  long  including  the 
short  petioles,  1-4-1-55  cm.  wide,  with  a 
prominent  midrib  and  two  lateral  nerves 
running  parallel  to  the  sides,  meeting  the 
midrib  at  the  apex,  also  two  faint  nerves 
between  these  and  the  midrib. 

Stem  herbaceous,  ultimately  becoming 
woody,  erect,  square,  with  winged  edges, 
glabrous,  pale  green ;  1st  internode  5-15 
mm.  long. 

Leaves  linear-lanceolate,  cuncate  at  the  base,  shortly  pctiolate, 
glabrous,  light  green  ;  pinnatinerved. 


Fig.  355. 
Funica  Oranatum. 
Nut.  sizo. 
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Benth.  et  Hook.  Gen.  PI.  i.  785. 

Fndt  and  Seed.-. — The  inferior  ovary  is  four-celled  in  the 
more  typical  forms,  but  the  number  of  cells  varies  from  one 
to  six,  the  ovary  being  one-celled  when  the  septa  are  incom- 
plete. The  ovules  are  generally  very  numerous,  anatropous, 
ascending  or  pendulous,  and  arranged  in  a  single  or  double 
series,  rarely  in  many  series,  upon  the  axile  placentas.  In 
Diplandra,  Circgea,  Trapa,  Gaura,  Heterogaura  and  Gongylo- 
carpus  the  ovules  are  solitary  and  pendulous  or  ascending,  in 
each  cell,  while  the  one-celled  ovary  of  Stenosiphon,  a  mono- 
typic  genus  from  Texas,  contains  four  pendulous  ovules.  The 
fruit  is  capsular,  less  often  baccate  as  in  Fuchsia,  or  nut-like 
as  in  Trapa.  Capsular  fruits  are  very  frequently  elongated 
and  cylindrical,  or  quadrangular,  dehiscing  septicidally,  or 
loculicidally  by  four  longitudinal  valves. 

The  seeds  are  numerous  or  few  according  to  the  number 
of  ovules,  but  vary  in  number,  and  somewhat  in  size,  even 
within  the  limits  of  a  genus,  as,  for  instance,  in  Oenothera ; 
they  are  for  the  most  part  comparatively  small,  those  of  Trapa 
being  exceptionally  large.  The  testa  is  thin,  membranous 
or  coriaceous,  and  smooth  or  papillose,  with  the  papillae  hard 
when  the  seeds  are  mature.  The  seeds  of  Epilobium  are 
comose  at  the  apex  as  frequently  occurs  in  the  Asclepiadese, 
or  at  one  or  both  extremities  of  the  seeds  of  the  Apocynaceas 
and  Sahcinese.  Endosperm  is  wanting  or  is  reduced  to  a  thin 
stratum  as  in  some  species  of  (Enothera  and  Eucharidium. 
The  embryo  is  generally  obovoid,  and  conforms  to  the  interior 
of  the  seed.  The  cotyledons  are  plano-convex,  compressed, 
sometimes  slender,  rarely  curved  and  very  rarely  convolute  ; 
and  the  radicle  is  short  and  straight,  rarely  curved  as  in 
Trapa. 

The  fruit  of  the  last-named  genus  is  very  exceptional,  being 
nut-like,  turbinate,  and  terminated  by  two  or  four  spines,  one- 
celled,  one-seeded  and  indehiscent.  The  testa  is  spongy,  and 
very  much  thickened  in  the  upper  part.    The  embryo  is  very 
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remarkable  in  having  one  very  large  cotyledon,  and  one 
minute  scale-like  one. 

A  good  type  of  the  Order  is  represented  by  Clarkia  sp.  (fig. 
356)  which  has  amygdaloid  cotyledons  sHghtly  emarginate  and 
cordate  at  the  base.    The  emargination  is  due  to  a  slight 
thickening  at  the  chalaza,  and  the  basal  auricles  are  produced 
to  occupy  the  space  on  each  side  of  the  base  of  the  radicle. 
The  seeds  of  (Enothera  Lindleyana  are  similar,  but  show 
greatly  elongated  papillte  at  the  chalaza.    In  GE.  biennis  (fig. 
364)  the  embryo  is  generally  amygdaloid  and  entire.  Instances 
occur  where  the  cotyledons  are  slightly  convolute  with  the  edge 
of  the  one  folded  within  that  of  the  other.    The  testa  shows  a 
remarkable  thickening  in  places,  while  elsewhere  it  is  com- 
paratively thin.    The  embryo  of  Eucharidium  grandiflorum 
is  like  those  of  Clarkia  sp.  and  (Enothera  Luidleyana,  except 
that  the  base  of  the  cotyledons  is  more  deeply  auricled. 
There  is  a  strongly  developed  crest  at  the  apes  of  the  seed, 
passing  round  the  chalaza,  and  extending  nearly  to  the  hilum, 
and  it  is  fringed  at  its  margin  with  papilla  throughout. 

Seedlings— The  cotyledons  of  the  various  seedlings  of  this 
Order  show  great  variation,  both  in  size  and  outline,  and  in 
being  entu-e  or  variously  crenate,  dentate,  serrate  or  con- 
stricted at  the  margin,  even  within  the  limits  of  a  smgle 
genus,  so  that  it  is  often  impossible  to  classify  species  of  aUied 
genera  under  any  one  group.  Two  very  distmct  kuads,  how- 
ever, maybe  noted,  namely  those  which  are  small  or  generally 
so  and  entire,  and  secondly,  those  which  attain  a  compara- 
tively large  size  by  intercalary  growth  whether  entue  or 
variously  cut.  To  the  first  group  belongs  Epilobium  angusti- 
folium  which  has  small  ovate,  entire,  obtuse,  shortly  petiolate 
cotyledons,  showing  no  other  venation  than  the  midrib.  Here 
also  may  be  grouped  a  number  of  species  of  (Enothera  ;  but 
for  the  sake  of  comparison  with  other  species  it  is  convenient 
to  describe  them  under  that  genus. 

Cotyledons  that  exhibit  intercalary  growth,  and  especially  if 
they  attain  any  size,  partake  of  two  natures,  and  that  often  in 
a  marked  manner.    The  upper  part  is  the  true  cotyledon 
while  the  lower  part,  which  is  generally  much  the  larger,  is  ot 
the  nature  of  a  true  leaf,  and  varies  in  shape  accordmg  to  that 
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of  the  latter  as  exhibited  in  the  primary  leaves  with  the  margin 
simila^rly  entire  or  toothed,  and  smooth  or  hairy.  Most  often 
also  there  is  a  distinct  constriction  between  the  true  cotyle- 
donary  portion  and  the  foliar  one  ;  and  the  former  retains  the 
apical  notch  or  emargination  it  may  have  possessed  while  still 
in  the  seed. 

One  of  the  simplest  forms  coming  mider  observation  and 
showing  a  marginal  constriction  where  intercalary  growth 
commences,  is  that  of  Lopezia  coronata  with  ovate  cotyledons, 
the  basal  and  foliar  portion  of  which  widens  so  as  to  produce 
a  tooth  on  each  side.  Fuchsia  corymbifolia  is  somewhat 
similar,  but  the  cotyledons  are  emarginate.  A  very  different 
form  is  met  with  in  Clarkia  pulchella  (fig.  361)  which  has 
ovate,  minutely  emarginate,  but  otherwise  entire  cotyledons. 
The  foliar  portion  is  indicated  only  by  being  minutely  ciUate 
at  the  margin  like  the  first  true  leaves,  and  by  the  petiole ; 
the  cotyledons  proper  in  the  early  stages  being  sessile,  as  in 
all  the  types  mentioned  below.  The  cotyledons  of  Clarkia 
sp.  (figs.  357,  358)  after  germination  are  sessile,  suborbicular, 
emarginate,  and  vary  to  obcordate  with  a  tooth  in  the  notch, 
gradually  becoming  petiolate  and  then  oblong,  constricted 
in  the  middle,  then  panduriform,  and  ultimately  rhomboid- 
ovate  and  serrate  below  the  constriction.  The  upper 
portion  retains  its  original  form  almost  to  the  last,  and  con- 
stitutes but  a  very  small  portion  of  the  cotyledon  when  fully 
developed.  By  unequal  growth  of  the  two  sides  of  the  stem 
the  cotyledons  in  many  individual  seedlings  become  alternate. 
A  similar  development  obtains  amongst  many  of  the  species 
of  CEnothera  and  other  genera.  C.  integripetala  (fig.  362) 
differs  chiefly  in  the  upper  surface  of  the  cotyledons  being 
minutely  and  papillosely  pubescent  all  over,  and  in  the  two 
portions  being  separated  by  a  transverse  brown  Ime.  The 
pubescence  is  present  in  C.  rhomboidea  (fig.  360),  but  the 
minute,  marginal  cilia  are  carried  entirely  round  the  cotyle- 
dons which  are  oblong-ovate  and  entire  in  the  fohar  portion, 
thus  corresponding  to  the  primary  leaves  as  in  all  other  cases 
where  intercalary  growth  prevails.  The  cotyledons  of  Eucha- 
ridium  concinnum  differ  from  those  of  the  last  named  in  being 
broadly  ovate,  obsoletely  crenate  below  the  constriction,  and 
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ciliolate  there  only.  Those  of  E.  grandiflorum  differ  from  those 
of  its  congener  in  the  upper  surface  being  glabrous  except  at 
the  very  base.  It  will  thus  be  seen  that  the  species  of  Clarkia 
and  Eucharidium  differ  from  one  another  either  in  the  shape 
of  the  cotyledons,  the  marginal  toothing,  or  the  distribution 
of  the  cilia  or  pubescence. 

The  seedlings  of  (Enothera  exhibit  a  great  amount  of  varia- 
tion in  different  species  ;  but  they  may  be  arranged  in  groups, 
possessing  well-recognised  bonds  of  affinity.  Those  observed 
may  be  grouped  under  six  types.  The  first  is  represented  by 
CE.  fruticosa.  The  plants  are  perennial  with  yellow  flowers, 
smaU,  pale  brown,  smooth  seeds,  and  diminutive  slow-growing 
seedlings,  with  broadly  or  roundly  ovate,  or  rotund-elliptic, 
entire  cotyledons  that  scarcely  differ  from  one  another,  and 
exhibit  no  distinct  foliar  mnovation  or  intercalary  growth. 
Other  species  agreeing  with  GE.  fruticosa  are  (E.  pumila,  (E. 
glauca,  OE.  serotina,  CE.  linearis  and  CE.  rosea.  The  cotyle- 
dons of  the  latter  are  more  truncate  at  the  base  of  the  lamina 
in  some  stages  than  the  rest. 

The  second  type  is  represented  by  CE.  taraxacifoHa  (fig.  363). 
Both  the  seeds  and  seedlings  are  large,  the  plant  perennial, 
and  the  cotyledons  oblong,  emarginate,  cuneate  at  the  base  with 
long  petioles,  glandular-pubescent  all  over,  and  mostly  entire. 
In  this  latter  respect  they  are  very  exceptional,  inasmuch  as 
the  primary  leaves  are  obsoletely  dentate.  Sometimes  a  small 
tooth  is  discernible  on  each  side  giving  an  indication  perhaps 
of  the  fohar  nature  of  the  lower  portion. 

The  third  group  consists  of  biennials  with  comparatively 
large  variously  compressed  and  angled  seeds,  and  an  irregularly 
thickened  subcrustaceous  testa  as  mentioned  under  'Seeds' 
(p.  554).  The  seedHngs  are  robust,  and  the  cotyledons  are 
broadly  ovate,  obtuse,  and  indicate  fohaceous,  intercalary 
growth  in  the  lower  portion  by  the  venation,  the  ciliated 
margin,  and  more  or  less  by  a  shallow  constriction  above  the 
middle  or  a  small  tooth  on  each  side.  The  constriction  and 
the  teeth  are  rather  obscure  however  in  many  cases.  This 
type  is  exemplified  by  (E.  biennis  (fig.  365).  An  exception  to 
the  general  form  of  the  cotyledons  while  yet  in  the  seed  was 
mentioned  above,  and  in  the  seedUng  state  individuals  occur 
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with  unequal  cotyledons  due  to  contortion  or  folding  in  the 
seed.  (E.  Lamarckiana  agrees  with  this  type,  but  the  coty- 
ledons are  generally  quite  entire. 

The  fourth  type  consists  of  annuals  represented  by  (E. 
stricf.a  (fig.  366).  The  seeds  are  of  medium  size  with  a  mem- 
branous reticulate  testa,  and  the  seedlings  are  vigorous,  exhibit- 
ing a  distinct  fohar  development  in  the  lower  portion  of  the 
cotyledons  by  the  venation,  the  finely  ciliate  margin,  and  by  a 
distinct  tooth  above  the  middle  on  each  side.  The  cotyledons 
at  different  stages  of  growth  vary  from  oblong  to  ovate,  broadly 
ovate,  spathulate,  and  finally  oblong-obovate  or  subrhomboid. 

The  fifth  type  consists  of  annuals  with  purple  flowers,  large 
rugose  or  papillosely  punctate  seed,  margined  or  winged  at  the 
chalaza,  and  sometimes  around  the  raphe.  The  seedlings  are 
large,  vigorous  and  rapid  in  growth,  while  the  large  cotyledons 
show  a  marked  foliar,  intercalary  growth  such  as  occurs  in 
Clarkia  sp.  and  C.  integripetala  above  mentioned.  This  type 
of  CEnothera  is  well  exemplified  by  CE,  Lindleyana.  The  coty- 
ledons exhibit  the  same  phases  of  growth  as  Clarkia  sp.  (figs. 
357-8),  and  ultimately  become  broadly  ovate,  emarginate  with 
a  tooth  in  the  notch,  constricted  about  the  middle  with  two 
or  three  teeth  on  each  side  below  that  and  finely  ciliate. 
CE.  amoena  agrees  pretty  closely  with  this  type,  but  the  cotyle- 
dons are  finely  pubescent  all  over.  OE.  tenella  quadrivulnera 
has  somewhat  variable  cotyledons.  The  commoner  forms  are 
obovate-cuneate  and  frequently  alternate  in  the  ultimate  stage 
as  in  Clarkia  sp.  (figs.  357-8).  Another  form  has  obovate-oblong 
cotyledons  with  the  other  characters  of  the  type  given.  CE. 
Eomanzowii  has  obovate  cotyledons,  considerably  tapered  to 
the  base  in  the  ultimate  stage,  and  often  alternate.  The  upper 
or  true  portion  of  the  cotyledons  is  much  the  broader  in  this 
species  as  well  as  in  OE.  tenella  quadrivulnera,  a  condition 
contrary  to  the  general  rule  in  the  group.  CE.  purpurea  and 
CE.  cheiranthifolia  agree  with  the  other  species  of  this  group 
in  all  main  particulars,  and  particularly  in  the  lower  portion 
of  the  cotyledons  being  of  a  foliaceous  nature. 

The  sixth  group  corresponds  to  the  subgenus  Sphasro- 
stigma,  as  the  fifth  did  to  that  of  Godetia.  CE.  macrantha  (fig. 
369)  shows  the  foliar  evolution  of  the  cotyledons  in  this  group.. 
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The  true  portion  remains  small  and  nearly  orbicular  and 
glabrous  from  first  to  last,  while  the  leafy  portion  is  linear, 
obscurely  dentate,  ciliate  and  gradually  increases  in  length  so 
as  to  resemble  the  true  leaves,  except  in  being  somewhat 
narrower.  CE.  contorta  differs  somewhat  in  the  foliar  portion 
being  very  narrow,  distinctly  crenate-dentate  with  opposite 
teeth,  in  all  respects,  however,  resembling  the  primary  leaves. 
(E.  bistorta  (figs.  367,  368)  strongly  resembles  CE.  macrantha, 
but  more  stages  of  development  are  shown.  CE.  hirta  bears 
some  resemblance  to  05.  contorta,  but  the  foliar  portions  of  the 
cotyledons  like  the  true  leaves  are  very  hairy,  while  the  upper 
or  true  portion  is  smooth. 

Clarkia  sp.  (fig.  356). 

Fruit  a  capsule,  linear,  quadrangular,  attenuated  at  the  apex, 
dehiscing  to  the  middle  by  four  longitudinal  valves,  four-celled, 
many-seeded. 

Seed  narrowly  obovoid,  small,  flattened  on  that  side  to  which 
the  raphe  is  attached ;  testa  thick,  coriaceous,  papillose  all  over, 

A 


Fig.  SBH.-Clarkia  sp.,  x  24.  A,  longitudinal  section  of  seed  C/,, 
ohalaza;  IC,  teginen  ;  OC,  testa;  Au  auricle;  i?,  radicle  B,  trans- 
verse section  of  seed  :  Ba,  position  of  raphe  ;  C,  cotyledon. 

dark  brown;  raphe  running  along  a  flattened  surface;  chalaza 
apical,  somewhat  thickened  externaUy  and  internaUy  to  the  seed  ; 
hilum  and  micropyle  basal,  contiguous. 
Endosperm  absent. 

Embryo  straight,  large  for  the  seed  which  it  completely  fills, 
colourless  ;  cotyledons  broadly  oblong,  minutely  emargmate  with  a 
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tooth  in  the  notch,  auricled  or  cordate  at  the  base,  plano-convex, 
and  conforming  to  the  interior  of  the  seed,  lying  in  the  broader  way 
of  the  shghtly  compressed  seed,  with  their  backs  to  the  raphe  ; 
radicle  much  shorter  than  the  cotyledons,  turbinate,  obtuse,  lying 
in  the  basal  and  pointed  end  of  the  seed,  much  longer  than  the 
auricles  of  the  cotyledons. 

Seedling  (figs.  357,  358). 

Primary  root  long,  tapering  downwards,  and  giving  off  short 
lateral  rootlets,  colourless,  annual. 


B 


Fig.  357. — Clarkia  sp.,  x  2. 


Hypocotyl  erect,  terete,  densely  and  minutely  pubescent,  deep 
red,  2-5-3-5  cm.  long. 

Cotyledons  rhomboid- ovate,  emarginate,  with  a  tooth  in  the 
notch,  distantly  toothed  at  the  sides,  and  constricted  some  distance 
below  the  apex,  with  narrow  rounded  notches,  and  a  distinct  midrib 
but  no  other  discernible  venation  in  the  fresh  state,  petiolate, 
glabrous  excepting  the  petiole,  deep  green  above,  glaucous  beneath  ; 
lamina  8-14  mm.  long,  G'5-10  mm.  wide ;  petiole  subterete, 
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shallowly  grooved  above,  minutely  pubescent,  pale  green  or  reddish 
especially  on  the  midrib, 

Siem  erect,  terete,  minutely  pubescent,  pale  green,  annual ;  1st 
internode  9-12  mm.  long. 

Leaves  simple,  cauline,  lower  opposite,  upper  alternate,  exstipu- 


FiG.  Zh^.—Glarkia  sp.,  x  2. 


late,  petiolate  ;  glabrous  or  very  nearly  so  exceptmg  the  petioles, 
alternately  incurvinerved,  deep  green  above  ^sath  a  deep  red  or 
crimson  midrib,  paler  beneath  or  glaucous  ;  petiole  semiterete, 
rather  deeply  channelled  above,  minutely  pubescent,  shghtly  connate 
at  the  base,  or  forming  a  ring  round  the  stem  where  the  leaves  are 
opposite. 
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First  pair  of  leaves  ovate,  obtuse,  alternately  incurvinerved, 
distantly  and  sballowly  serrate-dentate,  often  minutely  tricuspidate 
or  tridentate  at  the  apex. 

Second  pair  narrower,  oblong-ovate,  otherwise  similar  to  the  first. 

DEVELOPMENT  OP  THE  COTYLEDONS. 

The  cotyledons  immediately  after  germination  are  oblong- 
orbicular,  minutely  emarginate,  with  a  small  tooth  in  the  notch, 
slightly  auricled  at  the  base,  sessile,  with  a  scarcely  discernible 
midrib. 

They  then  enlarge,  become  orbicular  or  broadly  obovate,  sub- 
cuneate  at  the  base,  and  shortly  petiolate.  Fig.  367,  A,  show^s  a 
specimen  three  days  after  germination. 

A  change  now  occurs  at  the  base  of  the  cotyledons,  which  is  at 
first  narrower  and  soon  becomes  conspicuous  by  the  presence  of  a 
small  tooth  on  each  side,  as  is  shown  in  Fig.  357,  B,  which  repre- 
sents a  seedling  five  days  after  germination. 

The  new  portion  elongates,  bearing  two  to  four  teeth  on  each 
•  side,  and  the  whole  cotyledon  becomes  oblong,  with  a  broad  emar- 
ginate upper  half  consisting  of  the  true  cotyledon,  and  a  basal  nar- 
rower half  which  is  truly  foliolar  with  the  characteristic  white  and 
reddish  midrib  of  the  true  leaves,  and  the  marginal  teeth  ;  petiole 
now  1-5-2  mm_.  long.   (Ten  days  after  germination.)   (Fig.  357,  C.) 

The  cotyledons  now  become  broadly  ovate,  cuneate  at  the 
base,  petiolate,  and  all  or  most  of  them  more  or  less  distinctly 
alternate  ;  the  lower  part  or  innovation  has  four  to  six  small 
obtuse  teeth  on  each  side,  and  is  broadly  subelhptic  in  outline, 
minutely  ciliate  at  the  margm.  The  upper  part  or  true  cotyledon 
is  comparatively  small,  suborbicular,  emarginate,  with  a  tooth  in 
the  notch.    (Eighteen  days  after  germination.) 

Clarkia  rhomboidea,  Douglas  (figs.  359,  360). 

Seeds  1'25-1*5  mm.  long,  and  as  wide  near  the  apex. 

DEVELOPMENT  OP  COTYLEDONS. 

The  cotyledons  are  at  first  orbicular,  entire  or  faintly  emar- 
ginate with  a  prominent  apical  tooth,  sessile,  and  like  the  hypocotyl 
purplish,  glabrous,  but  soon  become  minutely  papillosely  pubescent. 

Nine  days  after  germination  (fig.  359)  they  are  obovate  or  sub- 
panduriform,  emarginate  with  a  small  tooth  in  the  notch,  constricted 
below  the  middle,  denoting  the  line  between  the  upper  part  or  true 
cotyledon  which  is  minutely  pubescent,  and  the  lower  part  or 
innovation  which  is  much  more  conspicuously  pubescent  with  a 
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pale  pink  or  purplish  midrib  ending  in  a  broader  purple  blotch  on 
the  base  of  the  true  cotyledon.  Hypocotyl  densely  pubescent. 

The  lower  foliar  portion  soon  becomes 
broader  and  longer  than  the  upper  coty- 
ledonary  part  which  is  also  only  very  sUghtly 
pubescent. 

Thirty-five  days  after  germination  (fig. 
360)  the  cotyledons  are  oblong,  distinctly 
petiolate,  constricted  near  the  apex  at  the 
union  of  the  fohaceous  and  cotyledonary 
part,  emarginate  with  a  minute  tooth  in  the 
notch,  cuneate  at  the  base,  with  a  distinct 
midrib  throughout,  and  a  few  rather  in- 
distinct alternate  nerves  on  each  side,  minutely  pubescent  all  over 
the  upper  surface  but  more  sparingly  on  the  under  surface,  which 


Fig.  359. 
ClarTcia  rhomboidea,  x  3. 


Fig.  S60.—ClarUa  rhomboidea,  x  2. 

is  reddish-purple  ;  petiole  semiterete,  channelled  above,  densely 

pubescent.  .  , 

First  pair  of  leaves  opposite,  ovate,  obtuse,  cuneate  at  the  base, 
alternately  incurvinerved,  entire,  shortly  petiolate,  densely  pubes- 
cent all  over  ;  petiole  convex  on  the  back  or  semiterete,  channeUed 
above,  densely  pubescent. 
Second  pair  similar. 
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Clarkia  pulchella,  Pursh  (fig.  861). 
Primary  root  as  in  C.  sp.,  p.  559. 

Hypocotyl  erect,  terete,  or  thicker  under  the  cotyledons,  and 
tapering  downwards,  glabrous,  1-1  "5  cm.  long. 

Cotyledons  two  rarely  three,  ovate,  obtuse,  fohaceouSj  glabrous, 
opaque  green  with  a  strong  midrib,  pale  beneath  ;  lamina  14  mm. 
long,  8  mm.  wide  ;  petiole  channelled  above,  semiterete,  minutely 
pubescent  on  the  mid- 
rib beneath  and  at  the 
margins  above,  about 
4  mm.  long. 

Stem  as  in  C.  sp. ; 
1st  internode  2"5  mm. 
long. 

Leaves  cauline,  op- 
posite, decussate,  gla- 
brous or  minutely  pu- 
bescent, especially  on 
the  nerves,  subfleshy, 
opaque  green,  with  a 
stout  midrib  ;  petioles 
semiterete,  minutely  pu- 
bescent, shghtly  chan- 
nelled above. 

First  pair  oval-el- 
hptic,  obtuse,  with  two 
very  small  lateral  nerves  Fig.  stu.—ClarMapulchella,  x  2. 

visible  near  the  base. 

Second  pair  oval,  obtuse,  with  two  or  four  distinct  lateral  nerves 
near  the  base,  ultimately  as  they  approach  the  full  size  narrowly 
eUiptic. 

Third  to  sixth  pairs,  ditto. 

When  there  are  three  cotyledons,  the  leaves  are  in  whorls  of 
three,  and  there  are  axillary  buds  in  the  axUs  of  both  cotyledons 
and  leaves. 

DEVELOPMENT  OP  THE  COTYLEBONS. 

Immediately  after  germination  the  cotyledons  are  oblong-oval, 
entire  with  a  slightly  prominent  colourless  tooth  at  the  apex  of 
the  midrib,  sessile  and  very  shortly  auricled  at  the  base. 

Eleven  days  after  germination  they  are  broadly  ovate,  emar- 
ginate  with  a  tooth  in  the  notch,  almost  rounded  at  the  base  and 
very  shortly  petiolate.  The  innovation  is  distinguishable  from  the  true 
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cotyledon  only  by  being  minutely  ciliate  at  the  margin  and  by  pos- 
sessing a  distinct  sunken  midrib  like  the  true  leaves. 

Finally  they  become  elliptic,  emarginate  with  a  minute  tooth  in 
the  notch,  tapering  most  to  the  base  and  petiolate,  minutely  cihate 
on  the  margin  and  petiole,  without  any  toothing  (fig.  361). 

Clarkia  integripetala,  ?  Hort.  (fig.  362). 
Seeds  1-25-1-75  mm.  long,  -75-1  mm.  wide. 

Cotyledons  immediately  after  germination  shortly  oblong,  obtuse, 
emargmate  with  a  minute  tooth  in  the  notch,  shaUowly  auricled  at 
the  base,  sessile,  glabrous. 

Hypocotyl  with  a  few  minute  glands. 

Primary  root  furnished  with  root-hairs. 

The  day  after  germination  the  cotyledons  have  become  trans- 
versely oval,  and  a  shallow  semicircular  depression,  and  a  grey 
midrib  have  appeared  at  the  base  of  each. 

Next  day  a  tooth  on  each  side  near  the  cuneate  base  denotes 
the  point  where  the  true  cotyledon  ends,  and  the  foliar  portion 
begins,  and  four  days  after  germination  they  are  obovate  and  very 
shortly  petiolate  ;  upper  part  oblate,  emargmate,  with  the  apical 
tooth  now  almost  obsolete  :  lower  part  rotund-subcuneate  with  one 
to  two  small  teeth  on  each  side,  shorter  and  narrower  than  the  upper 
part,  minutely  and  papiUosely  pubescent. 

Eight  days  after  germination  they  are  as  a  whole  oblong,  dis- 
tinctly petiolate ;  upper  part  oblate,  emarginate  with  the  tooth  m 
the  notch  almost  obsolete;  lower  part  broadly  oblong  with  three 
to  four  minute  teeth  on  each  side,  and  a  distinct  reddish  or  silvery 
midrib,  minutely  pubescent  and  ciliolate,  suddenly  narrowed  mto 
the  petiole.    Hypocotyl  long,  minutely  pubescent. 

Seventeen  days  after  germmation  (fig.  362)  the  lower  par  is 
broadly  ovate  with  three  to  five  teeth  on  each  side  and  one  to  two 
pairs  of  very  faint  somewhat  curved  nerves  runnmg  towards  the 
marginal  teeth,  and  a  silvery  midrib  terminated  above  by  a  trans- 
verse brown  line,  papillosely  pubescent  all  over  ;  upper  part  oblata 
or  oval,  emarginate,  with  a  tooth  in  the  notch,  minutely  and 
much  less  conspicuously  pubescent  than  the  lower  part ;  pet  ole 
semiterete,  channelled  above,  shortly  pubescent  all  over.  Hypocotyl 

^""^Mrsftwo  leaves  opposite,  equal,  obtusely  serrate,  ovate,  obtuse, 
oppositely  and  alternately  incurvinerved,  pubescent  all  over,  petiolate. 

(Enothera  fruticosa,  L. 

Seeds  1-25-1-5  mm.  long,  'SS--5  (rarely  "75)  mm.  wide. 
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Primanj  root  tapering  downwards  and  furnished  with  lateral 
fibres,  ultimately  superseded  by  strong  adventitious  roots  from 
below  and  above  the  cotyledonary  node. 

Hypocotyl  very  short  and  soon  becoming  indistinguishable  from 
the  root. 

Cotyledons  variable  in  outline,  with  two  or  three  alternate, 
flexuose,  incurved  nerves  on  each  side  of  the  midrib  discernible  only 
by  transmitted  light,  glabrous,  deep  green  above,  paler  beneath ; 
lamina  4-5'5  mm.  long,  and  about  as  broad  except  when  ovate; 
petiole  semiterete,  shallowly  channelled  above,  glabrous,  slightly 
connate  at  the  very  base,  2*5-6  mm.  long. 


Pig.  362. — Clarkia  integripetala,  x  2. 


Stem  herbaceous,  and  developing  when  about  to  flower,  firm  and 
suffruticose  ;  primary  internodes  undeveloped. 

Leaves  simple,  almost  entire,  or  obsoletely  dentate  with  the 
teeth  often  hardly  evident,  radical  and  cauline,  alternate,  exstipulate, 
petiolate,  alternately  incurvinerved,  obscurely  reticulate,  glabrous 
or  with  a  few  scattered  hairs  on  the  margins  of  the  leaves  and 
petioles  in  a  young  state  ;  deep  green  above,  paler  beneath,  thin 
but  subcoriaceous  and  shining  on  both  surfaces ;  petioles  semiterete, 
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cliannelled  above,  dilated  and  semiamplexioaul  at  the  base  of  the 
radical  ones,  thinly  ciliate  at  the  margin  with  incurved  hairs. 

Nos.  1  to  4.  EUiptic,  or  broadly  oval,  obtuse,  the  first  or  second 
sometimes  apiculate,  more  or  less  cuneate  at  the  base. 

Nos.  5  and  6.  Gradually 
more  oblong,  obtuse,  tapering 
to  the  base. 

Cotyledons  immediately 
after  germination  rotund- 
ovate,  entire,  sessile  or  sub- 
sessile. 

Eight  days  after  germi- 
nation they  are  rotund-ovate, 
or  very  broad,  and  deltoid, 
obtuse,  rounded  and  entire  at 
the  apex,  shghtly  cordate  or 
almost  truncate  at  the  base, 
with  a  distinct  channelled 
petiole  about  1-1*5  mm.  long. 

The  ultimate  form  of  the 
cotyledons  of  this  species  is 
evidently  subject  to  variation, 
but  they  never  attain  any 
great  size  as  in  the  annual 
Fio.SQB.— (Enotherataraxacifolia,  X  2.     species.     They  vary  from 

rotund  to  broadly  eUiptic,  or 
ovate  or  deltoid,  obtuse,  more  or  less  suddenly  cuneate  at  the  base, 
petiolate,  and  sometimes  angled  at  the  sides  in  the  larger  ones, 
which  is  the  only  evidence  or  trace  of  an  innovation  in  this  species. 
Like  the  leaves  they  are  glabrous. 

(Enothera  rosea.  Ait.,  resembles  the  foregouag  very  closely. 

(Enothera  taraxacifolia,  Sw.  (fig.  363). 
Seeds  2-5-3  mm.  long,  l-25-l'5  mm.  wide. 

DEVELOPMENT  OF  COTYLEDONS. 

The  cotyledons  immediately  after  germination  are  oblong,  obtuse, 
entire,  sessile,  glandular-pubescent  on  the  upper  surface. 

Eight  days  after  germination  they  are  oblong  and  obtuse,  very 
shallowly  emarginate,  with  long  petioles,  glandular-pubescent  aU 
over,  tapering  to  the  base;  petiole  semiterete,  channelled  above, 
densely  and  shortly  glandular-pubescent. 
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Sixteen  days  after  germination  (fig.  863)  the  ■  cotyledons  are 
mucli  larger,  with  longer  petioles,  and  rarely  show  a  minute  tooth 
towards  the  base,  otherwise  the  same. 

Hypocotyl  glandular-pubescent. 

First  leaf  alternate,  lanceolate,  obtuse,  petiolate,  alternately 
incurvinerved  in  the  upper  half,  and  suboppositely  incurvinerved  in 
the  lower,  obtusely  and  obsoletely  dentate  at  the  margin,  glandular- 
pubescent. 

(Enothera  biennis,  L.  (fig.  364). 

Fniit  a  capsule,  oblong  or  cyhndrical,  four-celled,  many-seeded, 
dehiscing  by  four  valves  longitudinally  and  locuhcidally,  separating 
also  from  the  axis,  rigid  or  becoming  woody  when  dry. 

Seeds  extremely  variable  in  outline,  oblong,  obovoid,  variously 
compressed  and  angled,  often  short,  deep  brown ;  testa  variously 
thickened  on  one  or  two  sides,  but  especially  at  all  the  projecting 
angles,  corky,  brown  or  almost  black  ;  tegmen  thin,  membranous, 
whitish  ;  hilum  and  micropyle  contiguous,  basal ;  raphe  passing 
along  one  of  the  thickened  sides  ;  thickening  corresponding  to  the 
chalaza,  not  quite  apical,  but  a  little  on  one  side. 

Endosperm  absent. 

Embryo  straight,  comparatively  large  and  filling  the  interior  of 
the  seed,  colourless  ;  cotyledons  normally  oblong,  obtuse,  minutely 
am-icled  at  the  base,  sessile,  plano-convex,  lying  in  the  broader  way 
of  the  seed  when  the  latter  is  in  any  way  compressed,  with  their 
backs  to  the  raphe  or  their  edges  to  it,  variable  ;  radicle  shorter 
than  the  cotyledons ,  or  about  one  third  the  length  of  the  whole  embryo , 
turbinate,  obtuse,  and  projecting  beyond  the  auricles  of  the  cotyledons, 
lying  in  the  generally  pointed  base  of  the  seed. 

Note. — Another  very  prevalent  form  of  embryo  has  one  of  its 
cotyledons,  or  sometimes  both,  involute. 

Seedling  (fig.  365). 

Primary  root  tapering,  flexuose,  furnished  with  flexuose  fibres. 

Hypocotyl  partly  subterranean,  terete,  glabrous, reddish,  2-4  mm. 
long  (when  germinated  in  the  open  ground). 

Cotyledons  ovate,  obtuse,  shortly  petiolate,  glabrous,  with  a  pro- 
minent midrib,  and  ascending  mcurved  anastomosing  lateral  nerves 
(the  latter  seen  only  when  the  cotyledons  are  colourless  and  decay- 
ing), deep  green  or  stained  red  in  cold  weather,  3-25-6  mm.  long 
exclusive  of  petiole,  2-4  mm.  wide  ;  petiole  channelled  above,  per- 
foHate  at  the  base,  •75-1-5  mm.  long. 

Stem  herbaceous  and  developed  when  about  to  flower,  biennial.. 
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Leaves  simple,  entire,  radical  and  cauline,  alternate,  exstijoulate, 
petiolate,  glabrous  in  seedling,  hairy  on  both  sides  in  the  adult, 
alternately  and  ascendingly  or  subincurvedly  penninerved,  with  a 


r 


Fig.  364. — OEJnothera  biennis,  x  28.  A,  longitudiaal  section  of 
seed :  00,  testa ;  10,  tegmen ;  B,  radicle.  B,  transverse  section  of 
seed :  00,  testa ;  10,  tegmen ;  C,  cotyledon.  C,  transverse  section 
of  another  common  form  of  embryo  and  seed:  Inv.  O,  involute 
cotyledon. 


Fig.  365. — CEnothera  biennis,  x  2. 


prominent  midrib  ;  petioles  flattened  above  or  subchannelled  on  the 
cauline  leaves,  somewhat  dilated  at  the  base. 

Nos.  1  and  2.  Ovate,  obtuse  or  subacute,  shortly  petiolate. 

Ultimate  radical  leaves  oblong,  acute,  tapered  for  some  consider- 
able distance  at  the  base  into  the  petiole  ;  cauhue  shortly  tapered 
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at  the  base,  oblong,  acute,  with  a  short  petiole,  all  having  the 
nerves  ascending  and  incurved  towards  the  tip  where  they  unite 
with  those  next  above  them  after  having  become  exceedingly  fine. 

DEVELOPMENT  OP  THE  COTYLEDONS. 

(a)  Immediately  after  germination  the  cotyledons  are  broadly 
ovate  or  oval-ovate,  obtuse,  entire,  with  a  slightly  prominent  colour- 
less tooth  at  the  apex  of  the  midrib,  flat  and  subsessile. 

(a')  Another  form  about  equally  common  at  this  stage  has  the 
cotyledons  involute,  with  one  edge  inside  and  the  other  outside  — 
rarely  with  both  edges  inside  the  other  cotyledon. 

{b)  Nine  days  after  germination  they  become  broadly  ovate, 
obtuse,  and  entire  with  an  innovation  at  the  base  not  separated  from 
the  true  cotyledon  by  a  constriction  as  in  several  other  species,  but 
by  a  minute  tooth  on  each  side,  and  distinguished  by  being  ciliate 
with  incurved  hairs,  while  the  upper  part  is  glabrous.  Petiole  1"25- 
1-5  mm.  long,  and  ciliate  or  pubescent. 

(6')  The  unequal  ones  still  maintain  their  inequality.  Larger 
one  deltoid  or  rotund,  very  obtuse,  shaUowly  cordate  at  the  base, 
with  the  innovation  ciliated  with  incurved  hairs,  while  the  upper 
part  is  glabrous,  marked  with  a  minute  or  obsolete  tooth  on  each 
side.    Smaller  cotyledon  narrower  and  less  rounded. 

(c)  Sixteen  days  after  germination  the  equal  cotyledons  are  still 
ovate,  obtuse,  equal  at  the  base,  petiolate  with  the  innovation  thinly 
ciliate  at  the  margin. 

(c')  The  unequal  cotyledons  are  broadly  ovate  or  deltoid,  obtuse, 
entire,  generally  very  unequal  at  the  base,  but  the  two  are  often 
dissimilar  in  that  respect,  cihated  with  incurved  hairs  on  the  lower 
larger  part  corresponding  to  the  innovation  (fig.  865). 

(Euothera  Lamarckiana,  DG. 

Seeds  1-5-2  mm.  long,  1-1-5  mm.  wide. 

DEVELOPMENT  OP  COTYLEDONS. 

The  cotyledons  immediately  after  germmation  are  oblong  or 
broadly  ovate-oblong,  obtuse,  entire,  sessile  and  glabrous.  Hypocotyl 
short  and  glabrous.    Primary  root  simple,  with  root-hairs. 

Ten  days  after  germination  the  cotyledons  are  ovate,  obtuse, 
entire,  shortly  petiolate,  ciliate  in  the  lower  part  with  mcurved  short 
hairs.    Petioles  pubescent.    Hypocotyl  pubescent. 

Twenty-three  days  after  germination  they  are  broadly  ovate, 
obtuse,  entire,  rather  suddenly  narrowed  above  the  middle,  with 
rather  long  petioles  ;  upper  part  glabrous,  without  a  discernible  mid- 
rib ;  lower  part  pubescent  at  the  margins  with  incurved  hairs,  and 
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a  distinct  midrib  ;  petiole  semiterete,  channelled  above,  pubescent 
with  incurved  hairs.    Hypocotyl  short,  now  rather  stout,  glabrous. 

First  and  second  leaf  very  broadly  ovate,  sometimes  broadly  ob- 
long, obtuse,  entire,  alternately  incurvinerved,  thinly  pubescent  all 
over  and  at  the  margin  with  incurved  hairs,  petiolate. 

(Enothera  stricta,  Ledeb.  (fig.  866). 

Seeds  "5-1  mm.  wide  or  thick,  1'25-1*5  mm.  long. 

DEVELOPMENT  OP  COTYLEDONS. 

The  cotyledons  immediately  after  germination  are  oblong,  obtuse, 
slightly  auricled  at  the  base,  otherwise  entire,  sessile,  thinly  glan- 
dular-pubescent on  the  upper  surface  and  ciliate.  Hypocotyl  thinly 
and  minutely  glandular-pubescent,  short.  Primary  root  simple, 
furnished  with  root-hairs. 

Five  days  after  germination  they  have  become  oblong-ovate, 
obtuse,  shortly  petiolate,  thinly  glandular-hairy. 

Eight  days  after  germmation  they  are  more  distinctly  petiolate, 
cuneate  at  the  base,  and  sometimes  with  a  minute  but  distinct  tooth 
below  the  middle  on  each  side,  denoting  the  line  of  demarcation 
between  the  upper  part  or  true  cotyledon  and  the  lower  leaf -like  part, 
thinly  glandular-hairy  and  ciliate. 

Twenty-nine  days  after  germination  they  become  spathulate- 
obovate  or  oblong-obovate,  obtuse,  with  a  tooth  at  the  union  of 
the  fohar  with  the  cotyledonary  part  on  each  side,  glabrous  except 
the  petioles  ;  upper  part  without  a  distinctly  visible  midrib  ;  lower 
part  tapering  much  to  the  base  ;  petiole  semiterete,  flattened  above, 
or  shallowly  channelled  towards  the  apex,  minutely  and  thinly 
puberulous,  connate  at  the  base.  Hypocotyl  stout,  thinly  pubescent. 
First  five  leaves  at  least  radical,  alternate,  lanceolate,  obtuse,  taper- 
ing into  the  petiole,  obsoletely  and  distantly  toothed  at  the  margins, 
alternately  incurvinerved,  with  a  conspicuous  whitish  or  colourless 
midrib,  glabrous  except  the  petioles  which  are  semiterete,  flattened 
above  or  shallowly  channelled,  dilated  at  the  base. 

(Enothera  Lindleyana,  Do%iglas. 
Fruit  a  narrowly  oblong  capsule. 

Seed  small,  varying  in  shape  and  size,  obovoid  or  oblong-oboyoid, 
proportionately  broad,  or  on  the  other  hand  narrow,  sometimes 
angled  ;  testa  thin,  dark-coloured,  marked  with  black  spots  and  pale 
on  the  ventral  aspect,  with  two  decurrent  lines  of  papillae  from  the 
chalaza  at  the  apical  end  of  the  seed  where  the  papiUre  are  longest 
and  form  an  appendage  or  crest ;  micropyle  at  the  narrow  and  basal 
end  of  the  seed  ;  raphe  ventral. 
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Endosperm  forming  a  very  tliin  layer  surrounding  tlie  embryo, 
thickened  somewhat  at  the  chalaza. 

Embryo  straight,  large,  nearly  occupying  the  whole  interior  of 
the  seed,  and  conforming  to  it  in  shape,  more  or  less  obovoid,  fleshy, 
colom'less  ;  cotyledons  plano-convex  in  the  broader  way  of  the  seed, 
but  sometimes  reversed,  broadly  obovate,  oblong  or  more  elongated 


Fig.  366. — (Enothera  siricta,  x  2. 


and  proportionately  narrower,  slightly  notched  at  the  apex  by  the 
thickening  of  the  endosperm  at  the  chalaza,  more  deeply  notched 
at  the  base  where  the  radicle  and  plumule  lie  ;  radicle  short,  straight, 
turbinate,  obtuse,  close  to  the  hilum. 

DEVELOPMENT  OF  COTYLEDONS. 

Immediately  after  germination  the  cotyledons  are  oblong-oval, 
entire  with  a  slightly  prominent,  colourless  tooth  at  the  apex 
of  the  midrib,  or  minutely  emarginate  with  a  sunk  tooth,  sessile 
or  subsessile.  Sometimes  one  cotyledon  is  entire,  the  other 
emarginate. 
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Six.  days  after  gerraination  they  are  orbicular,  slightly  narrowed 
at  the  base,  with  a  small  tooth  on  each  side  above  the  subtruncate 
innovation,  shortly  petiolate,  emarginate  with  a  small  tooth  in  the 
notch. 

In  ten  days  from  germination  they  become  ovate-oblong,  or 
simply  oblong  ;  the  lower  half  below  the  constriction  has  two  or 
three  small  teeth  on  each  side  and  is  suddenly  narrowed,  almost 
truncate  at  the  base  with  a  pale-coloured  midrib  ;  the  upper  half 
representing  the  true  cotyledon  remains  slightly  elongate-orbicular 
with  a  minute  tooth  in  the  notch,  and  no  discernible  midrib  in  the 
fresh  state.    Petiole  1-5-2  mm. 

Finally  they  become  ovate,  cuneate  at  the  base,  the  innovation 
forming  now  slightly  the  larger  part,  with  generally  three  acute  or 
slightly  incurved  teeth  on  each  side,  and  a  ciHate  margin  and  petiole ; 
the  upper  half  or  true  cotyledon  is  elongate-orbicular  or  rhomboid- 
orbicular,  emarginate,  with  a  tooth  in  the  notch. 

Seedling. 

Primary  root  normal. 

Hypocotyl  erect,  tapering  downwards,  glabrous,  reddish,  9-12 
mm.  long. 

Cotyledons  ovate,  obtuse,  minutely  emarginate  and  mucronate 
in  the  notch,  constricted  above  the  middle,  causing  the  lamina  to 
be  somewhat  trilobed,  petiolate,  alternately  and  ascendingly  pen- 
ninerved,  with  the  lateral  nerves  of  the  upper  lobe  mcurved  and 
uniting  at  the  mucro,  and  a  strong  branch  entering  each  of  the 
gland-tipped  lateral  lobes,  minutely  ciHate  at  the  margin,  other- 
wise glabrous  except  on  the  petiole;  lamina  7-10  mm.  long, 
5-6-25  mm.  wide ;  petiole  semiterete,  channelled  above,  minutely 
hairy  at  the  margm  and  beneath  the  midrib.  Apex  and  small 
teeth  of  lateral  lobes  each  tipped  with  a  glandular,  colom-less 
mucro,  having  a  few  large,  more  or  less  discoloured  openings  into 
the  interior. 

Stem  annual,  erect,  terete,  minutely  pubescent,  reddish;  1st 
internode  4-8  mm.  long  ;  2nd  similar. 

Leaves  simple,  cauline,  opposite  in  the  lower  part,  alternate  up- 
wards, exstipulate,  petiolate,  alternately  and  ascendingly  incurn- 
nerved,  finely  pubescent  on  both  surfaces,  bright  green  above,  paler 
beneath;  petioles  semiterete,  channelled  above,  finely  pubescent. 

First  and  second  pairs  ovatQ,  obtuse,  obtusely  or  obsoletely 
dentate. 

Ultimate  leaves  ovate  or  oval,  obtuse,  more  or  less  tapermg  or 
cuneate  at  the  base,  obtusely  dentate. 
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(Enothera  tenella,  Cav.,  var.  quadrivulnera. 
Seeds  1-5-1-75  mm.  long,  1-25-1-5  mm.  wide. 

DEVELOPMENT  OP  COTYLEDONS. 

The  cotyledons  are  at  first  very  similar  to  those  of  CE.  Lindley- 
ana,  but  gradually  become  more  cuneate  at  the  base. 

Eighteen  days  after  germination  they  are  obovate,  emarginate 
with  a  minute  tooth  in  the  notch,  and  a  more  or  less  evident  midrib 
extending  to  the  apex,  petiolate,  cuneate  at  the  base,  with  the  upper 
part  or  true  cotyledon  suborbicular,  and  much  larger  than  the  lower 
foUaceous  portion  which  is  characterised  by  being  cuneate,  nar- 
rower, with  two  small  teeth  on  each  side,  and  minutely  ciliate  at  the 
margin ;  petiole  slender,  semiterete,  channelled  above,  densely 
pubescent. 

First  pair  of  leaves  opposite,  oblong  or  finally  ovate,  obtuse, 
mucronate,  with  a  few  small  teeth  on  each  side. 
Ultimately  there  are  two  slightly  different  forms. 

(a)  The  commoner  form  is  obovate-cuneate,  emarginate  with  a 
tooth  in  the  notch,  finely  ciliate  below  the  constriction,  and  having 
two  to  three  small  teeth  there,  more  often  slightly  alternate  than 
strictly  opposite. 

(b)  The  other  form  is  obovate-oblong,  considerably  broader  in 
the  lower  part  than  in  the  commoner  form,  otherwise  exactly 
similar. 

See  (Enothera  Eomanzowii,  which  is  said  to  be  a  variety  of 
(E.  tenella. 

(Enothera  Eomanzowii,  Ledeh. 

The  stages  of  growth  correspond  closely  to  those  of  03.  tenella, 
as  does  also  the  ultimate  form  of  the  cotyledons,  the  cuneate  inno- 
vation tapering  much  more  gradually  into  the  petiole. 

(Enothera  purpurea,  Curt. 

Hypocotyl  erect,  terete,  minutely  pubescent,  2-5-3  cm.  long,  hght 
green,  tinged  with  red. 

Cotyledons  oblong-obovate,'  constricted  above  the  middle,  emar- 
ginate, obtuse,  petiolate,  with  a  few  hairs  on  the  petiole  and  base  of 
the  leaf,  otherwise  glabrous,  light  green,  distinctly  one-nerved. 

Stem  herbaceous,  erect,  terete,  minutely  pubescent ;  1st  inter- 
node  2-2-5  cm.  long  ;  2nd  shorter. 

First  leaves  cauline,  opposite,  ovate  or  oblong,  acute,  denticulate, 
shortly  petiolate,  hoary,  hght  green,  pinnatinerved. 
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(Enothera  bistorta,  Nutt.  (figs.  367,  368). 
Seeds  1-1-25  mm.  long,  •33-5  mm.  wide. 

DEVELOPMENT  OF  COTYLEDONS. 

Immediately  after  germination  the  cotyledons  are  oblong,  obtuse, 
entire,  sessile  with  a  few  long,  scattered,  glandular  hairs,  especially 
at  the  base.  Hypocotyl  with  a  few  glandular  hairs  at  its  apex. 
Cotyledons  often  unequal,  owing  to  their  greater  or  less  development 
in  the  seed,  and  one  folding  over  the  other. 

Six  days  after  germination  the  base  has  become  elongated, 
petiole-like,  and  glandular-pubescent,  suddenly  narrowed  to  a  short 
petiole  or  subsessile  ;  the  upper  half  remains  rotund  and  glabrous 
except  at  the  base  and  possibly  a  few  short  hairs  underneath. 

Eight  days  after  germination  (fig. 
367)  they  have  elongated  considerably, 
the  upper  true  cotyledonary  part  en- 
larging, but  otherwise  remaining  im- 
altered,  while  the  foHar  basal  and 
narrow  part  has  become  hnear,  entire 
or  sometimes  with  a  minute  tooth  on 
either  side,  glandular-pubescent,  sud- 
denly narrowed  at  the  very  base. 

The  lower  portion  elongates  greatly, 
and  the  ultimate  stage  of  the  cotyledons 
(fig.  368)  is  linear,  tapering  at  the  base 
into  a  petiole ;  upper  part  or  true  cotyledon  rotund  or  oval,  en- 
tire, glabrous,  very  short,  without  an  evident  midrib  ;  lower  part 
linear,  terminating  abruptly  in  the  upper  part,  tapering  gradually 
to  the  base,  with  one  or  two  minute  and  distant  teeth  on  each 
side,  thinly  hairy,  greyish-green  with  an  evident  midrib  sunk  on 
the  upper  surface,  and  prominent  beneath  ;  petiole  semiterete,  flat- 
tened above,  very  thinly  hairy,  or  at  length  nearly  glabrous. 

First  eight  leaves  radical,  alternate,  hnear,  obtuse,  tapering  at 
the  base  into  the  petiole,  thinly  silky  with  adpressed  pubescence, 
minutely  and  distantly  toothed  at  the  margin,  greyish-green,  more 
or  less  distinctly  marked  near  the  margin  with  black  dots,  with  a 
very  distinct,  colourless  midrib,  flattened  above  and  prominent 
beneath.;  petioles  semiterete,  flattened  above,  thinly  hairy  at  the 
margins,  colourless.    (Thirty-four  days  after  germination.) 

(Enothera  macrantha,  A.  Gray  (fig.  369). 

Primary  root  tapering  downwards  and  furnished  with  lateral 
fibres,  annual. 


Fig.  367. — (Enothera  bistorta. 
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Hypocotyl  undeveloped. 

Cotyledons  immediately  after  germination  oval,  obtuse,  with  a 
slightly  prominent,  apical  tooth,  entire,  very  shortly  petiolate,  soon 
becoming  spathulate,  with  an  oval,  entire  tip  representing  the  true 
cotyledon  and  a  linear-cuneate  innovation  at  the  base,  generally 
with  a  minute  or  obsolete  tooth  on  each  side,  distinctly  but  shortly 
petiolate,  glandular-pubescent,  ultimately  (nineteen  days  after  ger- 
mination) (fig.  369)  they  become  narrowly  spathulate  or  hnear, 
with  an  oval  tip,  sometimes  narrower  than  the  innovation,  which 


Fig.  368. — CEnothera  historta,.  x  3. 


has  one  to  four  or  more  obsolete  teeth  on  each  side,  and  gradually 
tapers  into  a  long  petiole-like  base,  with  a  short  true  petiole ;  the 
lamina  is  glabrous  at  the  apex  and  thinly  hairy  elsewhere,  with  a 
distinct  midrib  and  obscurely  reticulate  in  a  fresh  state,  tapering 
down  into  the  petiole,  dull  green  slightly  spotted  with  black,  5-10 
mm.  long,  l'5-2  mm.  wide;  petiole  flattened  above,  convex  on  the 
back,  suddenly  dilated  at  the  base  and  forming  a  little  cup  round 
the  plumule,  somewhat  pubescent. 
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Fig.  369. 
CEnothera  macrantha,  x  3. 


Stem  herbaceous,  annual,  developed  when  about  to  flower,  with 
many  of  the  primary  internodes  undeveloped. 

Leaves  simple,  radical  and  cauline,  alternate,  exstipulate,  first 
few  petiolate,  then  sessile  as  far  as  the  radical  ones  go,  with  diffi- 
culty discernible,  alternate,  ascending  nerves  on  each  side  of  a 

distinct  midrib,  some- 
what hoary  with  a  whit- 
ish pubescence  above, 
more  thinly  pubescent 
beneath,  dull  green  on 
both  surfaces,  slightly 
dotted  with  black ;  peti- 
oles of  the  first  two  leaves 
semiterete,  flattened  or 
convex    above,  dilated 
and  subcoimate  at  the 
base,  thinly  pubescent ; 
of  the  third  to  sixth 
very  short,  and  the  other 
leaves  sessile. 

Nos.  1  and  2.  Linear-lanceolate,  petiolate,  minutely  and  distantly 
denticulate. 

Nos.  3-11.  Linear- oblong,  obtuse,  minutely  and  distantly  denti- 
culate, shortly  petiolate,  or  gradually  becommg  subsessile,  with  a 
very  distinct  whitish  midrib,  downy. 

(Enothera  contorta,  Hook. 

Hypocotyl  erect,  terete,  glabrous,  1-10  mm.  long,  light  green  or 
colourless. 

Cotyledons  at  first  rotund-oval,  obtuse,  with  short  petioles, 
but  soon  the  petiole-hke  lower  part  develops  considerably,  and  they 
assume  the  character  of  the  true  leaves,  glabrous,  indistinctly  one- 
nerved.  . 

Stem  erect, terete,  herbaceous,  minutely  pubescent;  1st  mternode 

2-3  mm.  long. 

Leaves  simple,  cauline,  opposite,  decussate,  linear,  obtuse,  ex- 
tremely narrow,  with  numerous  obtuse  teeth,  glabrous,  indistinctly 
one-nerved. 

Eucharidium  grandiflorum,  Fisch.  et  Meyer. 
Fndt  a  capsule,  linear-oblong,  four-ceUed,  many-seeded,  dehisc- 
ing loculicidally  by  four  valves  which  break  away  from  the  placental 
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axis,  covered  especially  in  the  young  state  with  pale-coloured  or 
white  papillae. 

Seed  obovoid,  slightly  compressed,  flattened  on  one  side  and 
produced  into  a  wing  at  each  edge,  and  a  broader  wing  or  crest 
round  the  apical  end,  with  the  lateral  wings  ultimately  incurved, 
producmg  a  deep  groove  or  concavity,  and  the  crest  crenate  or 
toothed  at  the  margin  ;  testa  subcrustaceous,  deep  brown,  tubercu- 
lated;  hilum  and  micropyle  basal,  inferior,  contiguous;  chalaza 
apical;  crest  and  wings  readily  separable  from  the  rest  of  the 
seed. 

Endosperm  forming  a  thm  white  film  lining  the  interior  of  the 
seed. 

Embryo  comparatively  large,  straight,  colourless,  fiUing  the 
entire  cavity  of  the  seed  to  which  it  conforms  in  general  outline; 
cotyledons  oblong,  sHghtly  emarginate  from  a  thickening  of  the 
chalaza,  auricled  at  the  base,  plano-convex,  occupying  the  greater 
part  of  the  length  of  the  seed,  and  lying  in  its  broader  plane  with 
their  backs  to  the  placenta  ;  radicle  turbinate,  obtuse,  several  times 
shorter  than  the  cotyledons,  but  protruded  a  little  way  beyond  the 
auricles,  and  fiUing  up  the  basal  and  narrow  end  of  the  seed. 

Eucharidium  concinnum,  Fisch.  et  Meyer. 
Seeds  l*5-2-25  mm.  long,  '75-1  mm.  wide. 

DEVELOPMENT  OF  COTYLEDONS. 

Cotyledons  immediately  after  germination  shortly  and  broadly 
oblong,  obtuse,  emarginate,  with  a  small  purple  tooth  in  the  notch, 
shallowly  auricled  at  the  base,  sessile,  minutely  dotted  all  over  the 
upper  surface  with  glands.  Hypocotyl  minutely  glandular.  Pri- 
mary root  simple,  furnished  with  root-hairs. 

Seven  days  after  germination  they  are  oblong-obovate,  emargi- 
nate, constricted  below  the  middle,  with  the  upper  part  or  true 
cotyledon  transversely  oblong,  and  the  lower  similar,  but  smaller  and 
shortly  ciliate  at  the  margin,  very  shortly  petiolate. 

Sixteen  days  after  germination  they  have  become  broadly  ovate, 
blunt,  emarginate  with  the  apical  tooth  very  small  and  incon- 
spicuous, shortly  petiolate  ;  upper  part  or  true  cotyledon  transversely 
oblong,  much  shorter  and  narrower  than  the  lower  or  fohaceous  part, 
minutely  and  inconspicuously  pubescent ;  lower  part  with  three  to 
four  crenatures  on  each  side  and  more  conspicuously  pubescent  all 
over  the  upper  surface  than  the  upper  part.  Midrib  distinct  to 
the  apex. 

Twenty-five  days  after  germination  the  upper  part  or  true 
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cotyledon  lias  become  proportionately  much  shorter  and  narrower 
than  the  lower  part,  and  is  inconspicuously  and  minutely  pubescent; 
lower  part  very  broad  with  three  to  five  shallow  crenatures  on  each 
side,  pubescent  all  over  the  upper  surface  ;  under  surface  purple,  or 
by  transmitted  hght  almost  green  and  slightly  suffused  with  purple ; 
midrib  distinct  to  the  apex.  Hypocotyl  densely  pubescent.  Petioles 
elongated,  semiterete,  channelled  above,  densely  pubescent.  First 
two  leaves  opposite,  oblong-ovate,  obtuse,  with  a  distinct  midrib  but 
indistinct,  incurved  lateral  nerves,  minutely  glandular-pubescent  all 
over  the  upper  surface. 

Lopezia  coronata,  Andr. 

Primary  root  tapering  downwards,  with  fibrous  lateral  rootlets. 

Hypocotyl  erect,  sub  quadrangular,  glabrous  or  with  two  rows  of 
hairs,  one  on  each  side,  reddish,  1-5-2-5  cm.  long. 

Cotyledons  ovate-oblong,  obtuse,  rather  unequal,  obsoletely  or 
shallowly  trilobed,  petiolafce,  glabrous,  green,  one-nerved  as  far  as 
the  middle,  after  that  with  no  apparent  venation  ;  petioles  reddish, 
shorter  than  the  cotyledons,  deeply  furrowed  on  the  upper  face. 

Stem  erect,  square,  herbaceous ;  1st  and  2nd  internodes  about 
1  mm.  long. 

First  leaves  simple,  cauline,  opposite,  petiolate,  exstipulate,  ovate- 
oblong,  acute,  serrate,  glabrous,  green,  pinnatinerved ;  petioles 
short,  furrowed  on  the  upper  face. 


LOASEiE, 

Benth.  et  Hook.  Qen.  PI.  i.  801. 

Fruit  and  Seed.— The  ovary  is  inferior,  rarely  half-superior, 
one-  very  rarely  two-  or  three-  celled,  with  parietal  placentas, 
and  few  or  numerous  or  indefinite  anatropous  ovules  sus- 
pended from  the  apex  of  the  cell  or  from  parietal  placentas,  and 
arranged  in  one  or  many  series.  The  fruit  is  capsular,  often 
ribbed  with  the  ribs  straight  or  spirally  twisted,  dehiscmg  at 
the  apex  with  three  to  five  valves  or  longitudinaUy  with  three 
to  ten  openings  or  shts  and  few-  or  many-seeded.  The  seeds 
are  generally  minute,  oblong  or  variously  angled,  in  Mentzelia 
angled,  flattened,  or  even  winged ;  the  testa  is  membranous  or 
thickened  and  suhcrustaceous,  or  sometimes  loose  and  reticu- 
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late.  Endosperm  is  absent  or  present  in  variable  quantity 
and  fleshy  or  very  rarely  horny.  The  embryo  is  straight  or 
hooked  as  in  Mentzelia,  and  linear,  oblong,  or  terete  with 
plano-convex  foliaceous  or  hemispherical  cotyledons,  and  a 
short  or  elongated  radicle.  When  endosperm  is  wanting  the 
cotyledons  are  fleshy.  The  ovule  is  solitary  in  Petalonyx, 
Gronovia  and  Cevallia,  and  when  it  has  changed  to  a  mature 
seed  it  conforms  to  the  single  cavity  of  the  ovary.  In  a  few 
species  of  Loasa  the  seeds  are  large,  globose  or  oblong,  with  a 
horny  albumen  and  minute  embryo. 

Seedlings. — The  cotyledons,  like  the  seeds,  differ  consider- 
ably. Those  observed  vary  between  roundly  or  broadly  ovate 
and  oval,  and  are  generally  emarginate. 

Loasa  prostrata,  Gill.  (fig.  370). 

Hypocotyl  4-6  cm.  long,  erect,  terete,  covered  with  numerous 
hairs,  some  of  which  are  much  longer  than  the  rest,  and  stinging, 
almost  colourless. 

Cotyledons  broadly  and  ovately  oblong, 
obtuse,  entire,  shortly  petiolate,  mem- 
branous, hany  with  many  stinging  hairs, 
hght  green,  five-nerved. 

Stein  erect,  terete,  herbaceous,  hairy ; 
1st  internode  5-6  mm.  long. 

Loasa  lateritia,  Gill,  et  Hook.  (fig. 
371). 

Primary  root  tapering  downwards,  long, 
slender  and  rather  sparingly  furnished 
with  lateral  rootlets. 

Hypocotyl  erect,  terete,  pale  green,  fzo.  aio.-Loasa  2>rosfrata. 
almost  colourless,  hispidly  pubescent,  5-7  Half  nat.  size, 

mm.  long. 

Cotyledons  small,  rotund,  emarginate,  petiolate,  thinly  hispidly 
pubescent,  pale  green  above,  paler  beneath,  with  a  midrib  discernible 
only  by  transmitted  light;  lamina  2-2-5  mm.  long  and  wide; 
petiole  flattened  or  shghtly  grooved  above,  convex  below,  '5-1-5  mm', 
long. 

Stem  herbaceous,  ultimately  twining  ;  primary  internodes  unde- 
veloped. 

Leaves  simple,  radical  and  cauline,  opposite  (or  at  least  the  lower 
ones),  exstipulate,  petiolate,  hispidly  pubescent  and  coarsely  hairy 
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with  long,  hyaline,  bulbous-rooted  stinging  hairs,  alternately  and 
ascendingly  penninerved,  ultimately  pinnatifid  or  bipinnatifid,  with 
the  ultimate  segments  similarly  veined,  and  the  nerves  ruiming 
directly  into  the  teeth  ;  petioles  semiterete,  channelled  above,  glan- 
dular-pubescent and  setose  with  stinging  hairs,  dilated  and  amplexi- 
caul  at  the  base. 

First  pair  broadly  ovate,  obtuse,  slightly  dentate  or  entire,  with  a 
distinct  midrib  and  one  or  two  lateral  ascending  nerves  on  each  side. 

Second  pair  much  larger,  triangular,  obtuse,  crenate,  with  more 
numerous  nerves,  and  glandular,  mucronate  teeth. 

Third  pair  lyrately  pinnatifid  or  pinnatisect  with  three  segments ; 


Pig.  371. — Loasa  lateritia.   Nat.  size. 


lateral  segments  unequally  ovate,  obtuse,  crenate -dentate  ;  termmal 
segment  much  larger,  rhomboid-obtuse,  crenate-dentate  and  often 
subtrifid ;  teeth  mucronate. 

Fourth  pair  lyrately  pinnatisect,  with  three  or  more,  generally 
five,  segments  ;  lateral  segments  ovate,  obtuse,  obtusely  and  mucro- 
nately  dentate,  more  or  less  petiolate  ;  terminal  segment  larger, 
lobed  or  pinnatifid  and  mucronately  dentate. 

In  L.  papaverifolia,  H.  B.  et  K.,  the  hypocotyl  is  erect,  terete, 
finely  pubescent,  and  1-5-2-5  cm.  long. 

The  cotyledons  are  broadly  ovate,  obtuse,  shghtly  emargmate, 
petiolate,  and  finely  pubescent. 
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Loasa  vulcanica,  Andr. 

Eypocotyl  finely  glandular-pubescent,  variable  in  length  accord- 
ing as  the  seeds  are  germinated  in  heat  or  out  of  doors. 

Cotyledons  ovate-rotund,  glandular-pubescent  on  both  surfaces, 
and  4-5  mm.  long,  4-6  mm.  wide,  Avith  a  slender  petiole  channelled 
above,  l'75-7  mm.  long. 

Stem  annual,  erect,  terete,  densely  covered  with  patent,  glandular 
hairs  of  different  lengths  ;  1st  internode  1-4  mm.  long. 

Leaves  cauline  and  very  similar  to  those  of  L.  lateritia. 

Fu-st  pair  ovate,  obtuse,  distantly  serrate-dentate. 


TURNERACE^. 

Benth.  et  Hook.  Gen.  PI.  i.  806. 

Fruit  and  Seed. — This  small  Order  has  a  superior  one- 
celled  ovary  and  three  parietal  placentas  on  which  the  numerous 
ascending  anatropous  ovules  are  arranged  in  a  double  series. 
The  fruit  is  capsular,  many-seeded,  and  dehisces  loculicidally 
throughout  its  length  by  three  valves.  The  seeds  are  oblong- 
cylindrical,  sometimes  with  a  prominent  raphe  and  chalaza, 
reticulate  or  covered  with  small  depressed  areas  and  slightly 
curved.  They  are  furnished  with  a  membranous  aril  along 
the  same  side  as  the  raphe.  The  endosperm  is  copious  and 
fleshy.  The  embryo  is  straight,  axile,  and  narrow,  with 
plano-convex  cotyledons  and  an  elongated  radicle. 

Seedlings. — The  only  seedling  of  this  Order  coming  under 
my  notice  is  Turnera  elegans  (fig.  372) ,  The  cotyledons  are 
ovate,  petiolate,  with  a  distinct  midrib  and  two  faint  lateral 
nerves.  The  first  two  leaves  are  opposite,  oblong-lanceolate, 
incise-serrate,  while  succeeding  ones  are  alternate.  A  peculiar 
feature  of  the  venation  is  that  the  primary  veins  run  into  the 
sinuses,  not  the  teeth  of  the  leaves.  In  some  species  of 
Turnera  and  Wormskioldia  the  ultimate  leaves  are  pinnatifid. 

Turnera  elegans.  Otto  (fig.  872). 

■Eypocotyl  erect,  terete,  pubescent  or  hairy  with  upcurved  and 
incurved  hairs,  pale  green,  1-1*5  cm.  above  soil. 
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Cotyledons  ovate,  obtuse,  petiolate,  glabrous  except  the  petioles 
with  a  distinct  midrib  and  two  slender,  rather  indistinct  lateral 
nerves,  light  green  ;  lamina  6-5-8  mm.  long,  4-5  mm.  wide  ;  petiole 
slightly  grooved  above,  hairy,  3  mm.  long. 

Stem  erect,  terete,  hairy  with  patent  and 
ascending  incurved  hairs,  pale  green ;  1st 
internode  3-8  mm.  long. 

Leaves  simple,  cauline,  alternate  (1st  and 
2nd  opposite),  exstipulate,  petiolate,  thinly 
hairy  on  both  sides,  alternately  penninerved 
with  the  nerves  running  into  the  sinus  of  the 
serratures,  light  green;  petioles  shallowly 
grooved  above,  hairy,  pale  green,  with  usually 
two  tooth-like  glands  on  the  margins  above 
the  middle. 

Nos.  1  and  2.  Opposite,  oblong-lanceolate, 
incise-serrate,  vnth  obtuse  or  subacute  serratures. 

Nos.  3  and  4.  Alternate,  lanceolate- oblong,  incise-serrate,  with 
obtuse  serratures. 


Pig.  372. 

Turnora  elegans. 
Nat.  size. 


PASSIFLOREiE. 

Benth.  et  Hook.  Gen.  PI.  i.  807. 

Fruit  and  Seed—The  ovary  is  syncarpous,  quite  free  from 
the  receptacle,  and  one-celled  with  three  to  five  parietal  pla- 
centas denoting  as  many  carpels.  The  ovules  are  numerous, 
rarely  few,  pendulous,  anatropous  with  a  superior  micropyle, 
and  ventral  raphe,  and  arranged  in  one  to  numerous  series 
on  the  placentas.  The  funicle  sometimes  attains  considerable 
length,  and  usually  becomes  widened  or  dilated  at  the  apex 
forming  a  cup-shaped  aril.  The  fruit  is  baccate  or  capsular, 
indehiscent  or  dehiscing  loculicidally,  and  usuaUy  containing 
a  large  number  of  seeds.  The  latter  are  ovate  or  oval,  much 
compressed,  rarely  oblong,  or  much  thickened,  covered  with  a 
fleshy  or  pulpy  aril.  The  testa  is  leathery  or  often  greatly 
thickened,  crustaceous,  black  and  pitted  or  indented  so  deeply 
in  some  cases  that  it  forms  small  pointed  processes  projecting 
into  the  endosperm.  The  latter  is  fleshy  and  scanty  or 
copious.    The  embryo  is  of  large  size,  embedded  in  the  eudo- 
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sperm,  straight  with  broad  foliaceous  cotyledons,  and  an 
elongated  radicle. 

Basananthe  is  exceptional  in  having  only  three  ovules  in 
the  ovary.  In  some  species  of  Carica  the  ovary  is  five-celled 
by  the  development  of  spurious  septa.  A  curious  case  occurs 
in  Ceratiosicyos  where  the  stipitate  capsule  is  elongated, 
terete,  membranous  and  greatly  resembling  a  siliqua.  Passi- 
flora,  Tacsonia  and  several  other  genera  have  also  a  stipitate 
ovary  and  fruit  resembling  that  of  the  Capparidete,  where  the 
capsule  is  also  sihquiform  in  a  number  of  genera. 

A  good  type  of  the  Order  is  furnished  by  Passiflora  macro- 
carpa  (fig.  373)  which  has  a  greatly  thickened  testa  slightly 
indented  and  pushing  blunt  points  into  the  endosperm.  There 
is  a  groove  in  the  edges  of  the  seed  and  the  raphe  passes  along 
it  on  one  edge. 

The  cotyledons  are  broadly  oblong-oval,  shghtly  inclined 
to  be  cordate  at  the  base.  Tacsonia  ignea  (fig.  376)  differs 
chiefly  in  the  relatively  smaller  size  of  the  embryo,  the 
absence  of  a  groove  on  the  edges  of  the  seed,  and  in  the  testa 
being  rather  deeply  depressed  in  j)laces  but  hardly  indented. 
The  cotyledons  are  trinerved.  The  seeds  of  Tacsonia  tubiflora 
are  obovate,  rather  thickened,  not  grooved  at  the  edges,  but 
deeply  indented  internally,  and  running  into  the  endosperm. 
In  other  respects  it  agrees  with  the  two  former  species. 

Seedlings. — The  prevailing  types  of  cotyledons  belonging 
to  different  genera  and  species  of  the  Passiflorese  vary  from 
oblong  to  oval,  and  are  fohaceous,  entire,  or  slightly  emar- 
ginate,  three-  or  faintly  five-nerved,  reticulate  and  shortly 
petiolate.  A  fairly  representative  type  of  the  Order  is  that  of 
Passiflora  Cferulea  (fig.  375).  The  first  eight  leaves  are  enth-e 
and  vary  from  broadly  ovate  to  the  eighth  which  is  lanceolate. 
From  the  ninth  to  the  eleventh  inclusive  they  are  palmately 
tri-nerved  and  -partite.  The  ultimate  leaves  are  five-  to 
seven-lobed  with  linear  lobes.  In  Passiflora  Leschenaultii 
the  third,  in  Tacsonia  ignea  the  second,  and  in  T.  Van 
Vokemii  the  first  leaf  is  already  trilobed.  P.  macrocarpa 
(fig.  374)  has  broadly  or  roundly  oblong  much  reticulated 
cotyledons.  All  the  leaves  are  entire  and  oblong-ovate  from 
first  to  last.     The  cotyledons  of  P.  Leschenaultii  are  inclined 
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to  be  oblong-ovate.  The  first  leaf  is  transversely  oval ;  the 
second  roundly  ovate  ;  the  next  three  shortly  trifid  and  three- 
or  faintly  five-nerved. 

A  slight  modification  from  the  above  types  is  met  with 
in  P.  maliformis  which  has  broadly  oblong,  emarginate  coty- 
ledons. Its  first  three  leaves  are  lanceolate  and  acuminate 
with  a  shallowly  cordate  base.  In  P.  edulis  the  cotyledons 
are  oval,  and  the  first  three  leaves  oblong-elliptic,  and  obtusely 
acuminate. 

The  oval  cotyledons  of  T.  Van  Volxemii  (fig.  378)  are  tri- 
nerved,  but  the  lateral  nerves  give  off  each  a  strong  branch. 
The  first  leaf  is  oblong,  shortly  trifid,  and  is  followed  by  five 
others  which  are  trinerved  and  tri-lobed  or  -partite,  with 
narrowly  oblong,  or  lanceolate,  finely  serrulate  lobes.  The  coty- 
ledons of  Carica  cundinamarcensis  (fig.  380),  and  those  of  C. 
Papaya  maxima  differ  but  slightly  from  the  type  in  being 
broadly  oblong,  and  cuneate  at  the  base.  The  first  two  leaves 
of  the  former  are  oblong-cordate,  shallowly  and  coarsely 
toothed ;  these  are  succeeded  by  six  others  which  show  a  few 
large  teeth  as  if  they  were  inclined  to  become  pinnatifid. 
The  first  leaf  of  C.  Papaya  maxima  is  small,  lanceolate,  and 
entire. 

The  most  remarkable  variation  from  the  type  occurs  in 
Modecca  trilobata  (fig.  379).  The  cotyledons  are  unusually 
large,  broadly  ovate  and  obtuse,  with  a  wide  sinus  or  inden- 
tation near  the  apex  on  one  side,  trmerved  and  copiously 
reticulate.  The  first  leaf  is  ovate,  subcordate  at  the  base, 
distantly  and  irregularly  toothed,  and  strongly  acuminate. 
The  second  and  third  ones  are  deeply  trilobed  with  ovate  or 
lanceolate,  acuminate,  entire  lobes. 

Passiflora  Leschenaultii,  DG. 

Hypocotyl  glabrous,  about  1  cm.  long. 

Cotyledons  oblong-ovate,  obtuse,  subemarginate  ;  limb  9  mm. 
long,  6  mm.  wide  ;  petiole  3  mm.  long. 

Stem  flexuose,  suffrutescent,  striate  or  somewhat  furrowed, 
pubescent,  green  ;  1st  internode  3  mm.  long ;  2nd  3-5  mm. ;  8rd 
4-5  mm. ;  4th  5*5  mm. ;  5th  4-5  mm. 

Leaves.— Bo.  1.  Transversely  oval,  cuspidate,  three-  to  five- 
nerved,  subciliate  at  the  margins,  and  pubescent  on  the  nerves  on 
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both  surfaces,  1-75  cm.  long,  1-1  cm.  wide ;  petiole  slender,  sub- 
terete,  subcbannelled  on  the  upper  side,  pubescent,  1-5  cm.  long. 

No.  2.  Rotund-ovate,  acute,  trinerved ;  lamina  2  cm.  long, 
1*75  cm.  wide. 

No.  3.  Rotund-ovate,  subtrifid,  palmately  trinerved ;  lateral  lobes 
small,  triangular,  cuspidate  ;  middle  lobe  large,  triangular,  acute. 

Nos.  4  and  5.  Similar  but  proportionately  broader  and  more 
decidedly  palmate. 

Passiflora  macrocarpa.  Mast.  (fig.  373). 

Fruit  oblong,  obtuse  at  both  ends,  stipitate,  glabrous,  one-celled, 
many-seeded,  baccate  or  fleshy  when  mature,  large  and  thick, 
indehiscent. 

Seeds  obovate,  much  compressed,  bidentate  at  the  base,  tri- 
dentate  at  the  apex,  margins  irregularly  crenate,  with  the  testa 
produced  all  round  into  a  double  wing,  convex  in  the  middle,  and 
pitted  with  round  or  angular  depressions,  arillate  ;  chalaza  basal, 
forming  a  turbinate,  yellow  thickening,  hidden  by  the  wings  or 


Fig.  373. — Passiflora  macrocarpa.   A,  seed.    B,  longitudinal  section  of  seed 
Ch,  chalaza ;  Ba,  raphe.    C,  transverse  section  of  seed.    All  x  3. 


produced  edges  of  the  testa,  and  in  close  contact  with  the  endosperm  ; 
raphe  passing  round  from  near  the  emargination  of  the  base,  and 
beneath  or  between  the  wings  of  the  testa  to  the  chalaza  lying 
beneath  the  middle  tooth  at  the  basal  end  ;  micropyle  superior  ; 
funicles  stout,  elongated,  produced  into  a  cup-shaped  or  sub- 
cylindrical  aril,  enclosing  the  seed  but  open  at  the  upper  end ;  hilum 
a  little  to  one  side  of  the  emarginate  base. 

Endosperm  copious,  fleshy,  pitted  by  the  indentations  of  the 
testa,  and  surrounding  the  embryo. 

Embryo  straight,  large,  colourless,  nearly  equalhng  the  endo- 
sperm in  length ;  cotyledons  oblong-oval,  obtuse,  entire,  slightly 
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cordate  at  the  base,  alternately  and  ascendingly  penninerved ; 
radicle  cylindrical,  obtuse,  slightly  thinner  at  the  base  of  the 

cotyledons,  and  much  shorter. 

Seedling  (fig.  374). 

Hypocotyl  stout,  erect,  terete,  but 
obtusely  quadrangular  beneath  the  coty- 
ledons, glabrous,  pale  green,  tapering 
upwards,  2'3-2-7  cm.  above  the  soil. 

Cotyledons  foliaceous,  oblong-rotund, 
entire,  very  obtuse  and  rounded  at  the 
apex,  shortly  petiolate,  three-  or  sHghtly 
five-nerved  at  the  very  base,  reticulate, 
glabrous,  shining  on  both  surfaces,  hght 
green  above,  paler  beneath ;  lamina 
1-4-1-6  cm.  long,  1"3-1'35  cm.  wide ; 
petiole  flattened  above,  convex  on  the 
back,  broadest  at  the  base  of  the  lamina, 
2  mm.  long,  with  their  edges  decmTent 
on  the  hypocotyl. 

Stem  erect,  slightly  angled,  pale 
green,  glabrous,  ultimately  chmbing  by 
means  of  cirrhi  from  the  axils  of  the 
petioles,  acutely  quadrangular  or  winged ; 
1st  internode  2-25-3-5  mm.  long;  2nd 
2"5-4  mm. 

Leaves  simple,  cauline,  alternate, 
stipulate,  petiolate,  alternately  incurvi- 
nerved,  subreticulate,  glabrous,  light  or  bright  shining  green  above, 
paler  beneath  ;  petioles  short,  flattened  above  or  shallowly  grooved 
on  each  side  of  a  raised  midrib,  obtusely  carinate  beneath  ;  stipules 
smaU,  subulate,  acute,  entire  or  shghtly  serrate  at  the  apex,  pale 
green,  glabrous,  seated  at  the  very  base  of  the  petiole  or  close  to  the 

Nos.  1  and  2.  Ovate,  obtuse,  minutely  apiculate,  minutely  and 
distantly  serrulate. 

No.  3.  Subelliptic,  otherwise  similar  to  the  first  two. 

Passiflora  cserulea,  L.  (fig.  875). 

Primary  root  long,  tapering,  abundantly  furnished  with  adven- 
titious rootlets.  J    •  1 

Hypocotyl  erect,  suffrutescent,  terete,  longitudinally  ribbed  with 
elevated  tuberculated  lines,  reddish,  3  to  4  cm.  long. 


Pig.  374. 
Passiflora  macrocarpa. 
Nat.  size. 
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Cotvledons  foUaceous,  petiolate,  glabrous;  lamina  oblong-oval, 
obtuse/ trinerved,  13-5  mm.  long,  8-5  mm.  wide;  petiole  chan- 
neUed  above,  7-5  mm. 
long. 

Stem  erect,  terete,  ulti- 
mately climbing,  suflru- 
tescent,  marked  with  lines 
of  small  tubercular  bodies, 
glabrous,  green,  becoming 
stained  with  red ;  1st  in- 
ternode  1-6  cm.  long  ;  2nd 
9  mm. ;  8rd  9  mm. ;  4th 
1  cm. ;  5tb  1-5  cm. ;  6th 
2-5  cm.;  7th  2-25  cm.; 
8th  3-35  cm.;  9th  5-85 
cm. ;  10th  6*4  cm. 

Leaves  simple,  cauline, 
alternate,  stipulate,  petio- 
late, glabrous,  dark  green 
above,  pale  beneath,  red 
or  violet  at  the  margin; 
petioles  subterete,  taper- 
ing upwards,  pale  green, 
suffused  with  red,  often 
bearing  capitate,  stalked 
glands  on  the  upper  side 
which  secrete  a  viscid, 
transparent  liquid ;  sti- 
pules on  the  lower  part  of  the  stem,  subulate,  acute,  attenuate, 
reddish,  on  the  upper  part  of  the  stem,  half  cordate,  acuminate, 
foliaceous,  green,  reticulate  with  a  reddish  margin. 

Nos.  1  and  2.  Small,  broadly  ovate,  obtuse. 

Nos.  3  to  5.  Ovate,  obtuse,  mucronate. 

Nos.  6  and  7.  Ovate,  attenuate,  obtuse,  mucronate,  serrulate  at 
the  base. 

No.  8.  Lanceolate,  attenuate,  obtuse,  mucronate  or  rather 
apiculate,  serrulate  at  the  very  base,  with  ascending  subincurved 
nerves  as  have  all  those  below  it. 

Nos.  9-11.  Palmately  tri-partite  and  -nerved,  or  five-nerved  at 
the  base  ;  lobes  linear,  attenuate,  obtuse,  apiculate,  reticulate. 

Cirrhous  tendrils  equivalent  to  branches  are  given  off  in  the 
axils  of  the  eleventh,  twelfth  and  succeeding  leaves. 


Pig.  375. — Passiflora  cmrulea. 
One-third  nat.  size. 
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Tacsonia  ignea,  Hort.  (fig.  376). 

Fruit  globose  or  oblong,  baccate,  stipitate,  one-celled  with  three 
parietal  placentas,  many- seeded,  indehiscent. 

Seed  obovate,  much  compressed  laterally,  tridentate  at  the  apex, 
blunt  or  emarginate  at  the  base,  enclosed  in  a  cup-shaped  funicular 
aril ;  testa  thick,  crustaceous,  glabrous,  black,  deeply  pitted  on  both 

A  B 


b 

Fig.  376— Tacsoma  ignea,  x  12.  A,  seed.  B, longitudinal  section  of  seed. 
C,  transverse  section  of  seed:  M  &  H,  position  of  micropyle  and  hilum; 
Ch,  chalaza;  Ba,  raphe;  P,  endosperm;  G,  cotyledons. 

sides  with  the  impressions  so  deep  as  to  affect  the  aril ;  chalaza 
apical  and  passing  through  the  testa,  where  it  abuts  against  the 
endosperm  in  a  dull  yellow  conical  mass ;  raphe  ventral  passmg 
along  one  edge  of  the  seed  from  the  hilum  in  the  basal  notch  to  the 
chalaza  seated  in  the  middle  tooth  at  the  apex  of  the  seed. 
Seed  4-25-4-75  mm.  long  ;  2-75-8  mm.  wide  ;  1-75-2  mm.  thick. 
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Endosperm  rather  copious,  fleshy,  white,  brittle,  embedding 
the  embryo. 

Embryo  straight,  flat,  nearly  equal  in  length  to  the  endosperm, 
colourless  ;  cotyledons  broadly  oblong-oval,  entire,  and  rounded  at 
both  ends,  closely  apphed  face  to  face,  embedded  in  the  endosperm, 
and  a  little  narrower  than  it,  about  twice  as  long  as  the  radicle ; 
radicle  oblong- elliptical,  suddenly  pointed,  embedded  in  the  endo- 
sperm close  to  the  micropyle. 

Seedling  (fig.  377). 

H^jpocoUjl  subwoody,  erect, 
terete,  glabrous,  pale  green,  1-1-5 
cm.  long,  1  mm.  thick. 

Cotyledons  petiolate,  rotund- 
oval,  obtuse,  trinerved,  pale  green, 
glabrous  ;  lamina  9  mm.  long,  6 
mm.  wide ;  petiole  channelled 
above,  2*5  mm.  long. 

Stem  soft  and  succulent  at  first, 
erect,  terete,  glabrous  or  almost  so, 
pale  green;  first  three  inteinodes 
each  about  1  cm.  long. 

Leaves  simple,  cauHne,  alternate,        fig.  mi.—Tacsonia  ignea. 
stipulate,  petiolate.  ^^.t.  size. 

No.  1.  Oval,  cuspidately  acute,  serrulate,  with  gland-tipped 
serratures,  obscurely  penninerved ;  petiole  subterete,  faintly  chan- 
nelled above,  glabrous ;  stipules  free,  subulate,  acute,  small. 

No.  2.  Palmately  tri-lobed  and  -nerved,  finely  serrulate  at  the 
margin  ;  lateral  lobes  oblong,  apiculate  ;  terminal  lobe  oblong-oval, 
obtuse,  apiculate. 

Nos.  3  and  4.  With  longer,  more  pointed  and  apiculate, 
lateral  lobes ;  terminal  lobe  oblong,  longer  and  more  acuminate 
than  that  of  leaf  No.  2. 

Tacsonia  Van  Volxemii,  BooTt.  f.  (fig.  378). 

Primary  root  suddenly  tapering  to  a  fine  point  and  furnished 
with  numerous  strong  lateral  fibres. 

Hypocotyl  erect,  subflexuose,  terete,  suffrutescent,  glabrous,  pale 
green  suffused  with  red,  4*7  cm.  long. 

Cotyledons  foliaceous,  petiolate,  glabrous,  entire  ;  lamina  oval, 
obtuse,  trinerved,  deep  green,  shining,  11  mm.  long,  7  mm.  wide ; 
petiole  subchannelled  above,  6  mm.  long. 

Stem  woody,  erect  at  first  and  subflexuose,  somewhat  angular, 
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glabrous,  pale  green  ;  1st  intemode  7'5  mm.  long  ;  2nd  5*5  mm. 
8rd  9  mm.  ;  4tli  1-5  cm. ;  5tli  1'8  cm. 

Leaves  simple,  cauline,  alternate,  stipulate,  petiolate,  glabrous 
lobed  and  glandular-serrulate  ;  petiole  subterete,  channelled  above 
glandular  towards  the  top,  and  glabrous,  pale  green  or  tinged  with 
red  on  the  upper  side  ;  stipules  lanceolate  or  subulate,  subacute 
glabrous,  pale  green,  free. 

No.  1.  Oblong,  trinerved,  shortly  trifid ;  lateral  lobes  ovate, 

mucronate ;  middle  lobe  ovate, 
elongate,  mucronate. 

No.  2.  Tri-partite  and  -nerved ; 
lobes  lanceolate,  apiculate ; 
middle  one  slightly  longest. 

No.  3.  Tri-partite ;  lateral 
lobes  oblong ;  middle  lobe  lanceo- 
late-elliptic. 

Nos.  4-7.  Tri-partite  and 
-nerved ;  lobes  linear-oblong, 
obtuse ;  middle  one  longest. 


Modecca  trilobata,  Boxb. 
(fig.  879). 

Hypocotyl  erect,  terete,  gla- 
brous, stout,  pale  green,  shining, 
4-6  cm.  above  the  ^oil. 

Cotyledons  very  large,  foUa- 
ceous,    broadly  ovate,  obtuse, 
subcordate  at  the  base,  much 
cut  away  near  the  apex  on  one 
side,  petiolate,  glabrous,  bright 
green  and  shining  above,  pale  or 
subglaucous  beneath  and  shin- 
ing, with  five  ascending  and  in- 
curved nerves  arising  in  the  top  of  the  petiole  ;  lamina  8*9  cm.  long, 
about  8-2  cm.  wide  in  the  middle,  in  average  seedlings  ;  petiole 
stout,  channelled  above,  convex  on  the  back,  about  1'2  cm.  long. 

Stem  erect  at  first,  ultimately  twuiing,  terete  or  shghtly  and 
obtusely  angled,  especially  about  the  nodes,  glabrous,  pale  green, 
shining  ;  1st  internode  1*27  cm.  long  ;  2nd  8'6  mm. 

Leaves  simple,  more  or  less  lobed,  cauline,  alternate,  stijiulate, 
petiolate,  glabrous,  shining  green  above,  subglaucous  and  shining 
beneath,  five-nerved  from  the  base,  more  or  less  strongly  and 
alternately  nerved  upwards,  reticulate,  biglandular  at  the  base  of 


Fig.  378.- 


-Tacsonia  Van  Volxemii. 
Half  nat.  size. 
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the  lamina ;  petiole  subterete,  narrowly  and  sliallowly  grooved  on 
the  upper  side,  pale  green,  shining,  tapering  upwards  from  a  stoutish 
base  ;  stipules  small,  subreniform,  lacerated  at  the  margin,  glabrous, 
transparent  or  hyahne  except  at  the  very  base,  seated  on  a  short 
pedestal.  The  glands  are  always  on  two  small  basal  auricles,  and 
together  form  a  small  arch  over  the  top  of  the  petiole. 

No.  1.  Ovate-cordate,  strongly  acuminate,  irregularly  and 
coarsely  dentate  below  the  middle,  often  trilobed,  five-nerved  from 


Fig.  379. — Modecca  trilohata.    Half  nat.  size. 


the  base,  and  alternately  nerved  upwards,  reticulate.  The  two 
basal  nerves  are  always  slender,  while  those  next  are  always  strong 
and  like  those  above  them  incurved,  giving  off  branches  only  to  the 
teeth  and  to  the  higher  nerves. 

Nos.  2  and  3.  Deeply  trilobed,  subcordate  and  five-nerved  at  the 
base ;  lowest  pair  of  nerves  slender ;  second  pair  strong,  ascending 
towards  the  margin  of  the  leaf  and  partly  into  the  base  of  the 
lateral  lobes,  giving  off  lateral  branches  which  form  a  series  of 
submarginal  arches  continuous  with  the  lowest  pair  of  nerves, 
and  continuing  in  the  same  manner  to  the  apex  of  the  strongly 
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acuminate  lateral  lobes  of  the  leaf.  The  third  pair  of  nerves, 
originating  below  the  middle  of  the  leaf,  are  subopposite,  strong, 
and  run  longitudinally  to  the  very  apex  of  the  lateral  lobes,  giving 
off  branches  that  curve  and  unite  at  their  apex ;  midrib  running 
to  the  apex  of  the  middle  lobe  and  similarly  branching. 


Fig,  380. — Carica  cundinamarcensis.    Half  nat.  size. 


Carica  cundinamarcensis,  Lind.  (fig.  380). 

Hypocotyl  stout,  erect,  terete,  fleshy,  tapering  upwards,  glabrous, 
pale  green,  becoming  brown,  d-O-d-?  cm.  long,  or  sometimes 
more. 

Cotyledons  broadly  oblong,  obtuse,  entire,  subcuneate  at  the 
base,  petiolate,  trinerved  at  the  base,  alternately  nerved  upwards 
with  the  nerves  uniting  and  forming  an  intramarginal  wavy  line, 
reticulate,  at  least  when  old,  not  very  persistent,  glabrous ;  lamina 
2-5-2-8  cm.  long,  1-6-1-8  cm.  mde  ;  petiole  rather  slender,  chan- 
nelled above,  1-0-1-2  cm.  long. 

Stevi  erect,  stout,  fleshy,  flexuose  in  the  young  state,  and  more 
or  less  angled  by  the  decurrent  bases  of  the  leaves,  shghtly  hairy 
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just  beneath  the  petiole,  brownish-green,  ultimately  shrubby, 
fleshy  ;  1st  internode  8  mm.  long  ;  2nd  4  mm  ;  8rd  6  mm ;  4th 
3'5  mm. 

Leaves  simple,  cauline,  alternate,  stipulate,  petiolate,  three-  to 
seven-nerved  at  the  base,  alternately  nerved  upwards,  reticulate, 
hairy  on  the  nerves  beneath,  and  subglandular-ciliate,  deep  shining 
green  above,  glaucous  or  whitish  beneath,  with  numerous  small 
glands  at  the  junction  of  lamina  and  petiole  on  the  upper  side,  and 
a  few  small  scattered  ones  on  the  midrib  and  principal  nerves  ; 
petioles  tapering  upwards  from  a  stout  base,  subterete,  channelled 
on  the  upper  side,  glabrous  except  on  the  imder  side  especially  at 
the  base  ;  stipules  small,  tooth-like,  tipped  with  a  pale-coloured 
gland,  seated  on  the  somewhat  decurrent  base  of  the  petiole. 

No.  1.  Oblong-cordate,  obtuse,  five-nerved  at  the  base,  with 
about  two  sinuate  or  repand  obtuse  teeth  on  each  side. 

No.  2.  Similar,  but  angled  or  bilobulate  on  each  side  below 
the  middle. 

No.  3.  Cordate-ovate,  with  one  to  two  teeth  on  each  side  towards 
the  base. 

Nos.  4  and  5.  Cordate,  elongate,  with  two  to  three  repand  teeth 
on  each  side. 

Nos.  6-8.  Palmate,  elongate,  five-nerved  at  the  base,  three-  or 
sHghtly  five-lobed  ;  basal  lobes  small,  triangular,  or  tooth-hke  ; 
middle  lobes  larger,  triangular,  subacute ;  terminal  one  much  the 
largest,  triangular-ovate,  subacute,  entire  or  sUghtly  toothed. 


CUCURBITACE^. 

Benth.  et  Hook.  Gen.  PI.  i.  816. 

Fruit  and  Seed. — The  ovary,  consisting  for  the  most  part 
of  three  carpels,  is  inferior,  in  a  few  cases  free  at  the  apex. 
It  is  three-,  rarely  one-  or  two-celled,  or  spuriously  four-  to 
five-celled.  The  species  belonging  to  the  tribe  Elaterieje  are 
altogether  abnormal ;  some  have  a  one-  or  two-celled  ovary, 
others  are  many-celled  by  the  development  of  spurious  septa 
between  the  seeds.  Normally  the  placentas  are  parietal, 
fleshy,  very  often  confluent  in  the  axis  of  the  ovary,  and  again 
reflexed  towards  the  circumference.  The  ovules  are  pen- 
dulous, horizontal,  or  ascending  and  anatropous ;  and  in 
ovaries  consisting  of  one  carpel  they  vary  from  one  to  two  and 
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are  inserted  at  the  base  or  susisended  from  the  apex  of  the 
cavity.  To  be  basal  and  erect  is  however  unusual.  In 
ovaries  of  three  carpels  and  three  cells,  they  are  inserted  on 
the  sides  of  the  placentas  nearest  the  peripheral  ^Yalls. 

The  fruit  is  in  most  cases  baccate,  and  fleshy  or  cortical, 
and  botanically  termed  a  2^epo ;  very  often  it  is  one-celled  by 
the  destruction  of  the  septa  which  become  pulpy ;  hence  the 
seeds  are  nearly  always  embedded  in  pulp.  It  is  mostly  in- 
dehiscent,  rarely  opening  by  valves  or  by  an  operculum,  and 
many-seeded.  In  Elaterium  and  its  allies  the  fruit  separates 
from  its  peduncle,  leaving  an  opening  through  which  the  pulp 
and  seeds  are  ejected  with  some  force  by  the  elastic  contrac- 
tion of  the  walls.  The  seeds,  like  the  ovules,  vary  m  dhection 
and  are  very  often  flattened  as  in  the  Passiflorese.  The  testa 
is  membranous,  cartilaginous  or  crustaceous,  granular,  tuber- 
culate,  or  smooth,  sometimes  covered  with  a  watery  epidermis, 
and  toothed  or  lobed  at  the  edges.  The  tegmen  also  varies 
in  thickness  and  other  characters.  Endosperm  is  wanting; 
and  the  embryo  therefore  conforms  to  the  cavity  of  the  seed. 
The  cotyledons  are  fohaceous  and  flattened,  or  plano-convex 
according  to  the  thickness  of  the  seed;  and  the  radicle  is 
comparatively  short. 

Besides  the  anomalous  or  unusual  forms  mentioned  above, 
Sechium  edule  is  remarkable  for  its  large,  obovoid,  fleshy,  one- 
celled,  one-seeded  fruit.  The  seed  is  also  large,  subglobose, 
with  a  woody  testa,  and  conforms  to  the  interior  of  the  indehis- 
cent  fruit.  The  embryo  is  very  large  and  germinates  in  the  fruit 
before  the  latter  drops  from  the  plant.  ■  The  ovules  and  seeds 
of  Hodgeonia  heteroclita  are  connate  in  pairs,  of  which  one  is 
large  and  fertile,  and  the  other  small  and  empty. 

A  type  of  an  obovoid  and  rather  thickened  seed  is  furnished 
by  Bryonia  dioica.  It  is  surrounded  by  a  shghtly  raised 
margin  and  is  somewhat  compressed  laterally  with  a  pale, 
crustaceous  testa.  The  cotyledons  are  plano-convex,  but 
otherwise  characteristic  of  the  Order.  The  average  size  of  the 
seeds  is  4-4  mm.  long  by  3-08  mm.  wide  and  2-2  mm.  thick. 
The  seeds  of  B.  laciniosa  (fig.  389)  are  somewhat  larger,  being 
5  mm.  long  by  3  mm.  wide.  They  are  surrounded  at  the  edges 
by  a  narrow  ridge,  and  have  a  large  mass  of  cortex  projecting 
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from  each  side  and  corresponding  in  position  to  the  back  of 
the  cotyledons  which  are  rather  more  flattened  here  than 
in  the  case  of  Bryonia  dioica.  The  embryo  as  a  whole  is 
amygdaloid. 

The  seeds  of  Trichosanthes  Anguma  are  very  variable  in 
shape,  even  in  the  same  fruit,  being  oblong,  oval,  or  sub- 
orbicular,  much  flattened  laterally  and  irregularly  jagged  or 
crenate  at  the  edges,  presenting  a  gnawed  appearance.  The 
embryo  conforms  to  the  shape  and  size  of  the  seed,  and  even 
when  in  the  latter  sometimes  shows  the  effect  of  the  indenta- 
tions. This  may  be  compared  with  the  behaviour  of  the 
testa  in  Passiflora,  where  however  the  indentations  affect  the 
endosperm  only.  The  fruit  is  very  remarkable,  bemg  snake- 
hke,  more  or  less  twisted,  two  to  three  feet  long,  green,  striped 
with  grey  and  scarlet  when  mature. 

Seedlings. — Owing  to  the  relatively  uniform  character  of 
the  seeds  of  this  Order  and  the  absence  of  endosperm,  there  is 
a  very  moderate  amount  of  variation  in  the  shape  and  appear- 
ance of  the  cotyledons.  The  seeds  on  the  whole  are  relatively 
large,  sometimes  very  large  ;  and  throughout  the  Order,  so 
far  as  observed,  the  seedlings  are  correspondingly  large  and 
vigorous  from  the  earliest  stages  of  germination  onwards. 
Generally  speaking,  the  largest  cotyledons  come  from  the 
largest  seeds  ;  but  there  are  cases  where  the  cotyledons  of  some 
species  greatly  exceed  in  size  those  of  another  species  of  the  same 
genus,  even  although  there  is  comparatively  little  diflerence 
in  the  size  of  the  seeds.  This  arises  in  consequence  of  the 
growth  after  germination  being  more  vigorous  in  some  than  in 
others.  The  shape  of  the  seed  would  have  some  bearing  upon 
the  ultimate  shape  of  the  cotyledons,  but  modifications  occur 
where  these  become  much  widened  near  the  apex ;  and 
although  the  cotyledons  as  far  as  observed  are  always  entire 
in  the  seed,  they  ultimately  become  more  or  less  emarginate 
in  some  species  by  growth  after  germmation.  The  simplest 
type  appears  to  be  that  of  Momordica  involucrata,  the  seed- 
lings of  which  have  oblong-spathulate  cotyledons,  slightly 
connate  at  the  base,  of  moderate  size  and  sessile.  The  first 
two  leaves  are  roundly  cordate,  opposite  and  five-nerved. 
Succeeding  ones  are  three-  to  five-lobed  and  alternate.  M. 
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muricata  (fig.  384)  difiers  in  having  somewhat  larger  cotyledons 
and  two  pairs  of  opposite  leaves,  the  first  pair  being  obsoletely 
trilobed  at  the  apex  and  seven-  to  nine-nerved.  Trichosanthes 
palmata  (fig.  382),  T.  Angiiina,  and  Cucumis  utilissimus  have 
obovate-spathulate,  three-  to  five-nerved  cotyledons  of  much 
greater  size  than  those  of  Momordica.  The  first  named  has 
the  first  leaf  reniform  and  inserted  close  to  the  cotyledons 
owing  to  the  non-elongation  of  the  first  internode.  The 
primary  leaves  of  Trichosanthes  Anguina  are  cordate  and  also 
alternate,  but  all  the  internodes  are  elongated.  A  very  re- 
markable instance  of  variability  occurs  in  this  species,  for 
although  the  usual  type  is  that  just  given,  seedlings  occur  in 
which  the  two  first  leaves  are  opposite,  and  in  rare  cases 
there  are  three  cotyledons  followed  by  three  leaves  also  in  a 
whorl. 

A  second  type  is  that  in  which  the  cotyledons  are  oblong 
or  obovate-oblong,  and  narrowed  at  the  base  into  short,  more 
or  less  channelled  petioles.  They  are  also  three-  to  five-nerved, 
although  the  intermediate  pairs  of  nerves  are  not  strictly 
basal. 

Cucumis  sativus  (fig.  386)  is   an  instance  with  entu-e 
cotyledons.    The  first  leaf  is  cordate,  incipiently  lobed,  and  is 
inserted  on  the  axis  close  to  the  cotyledons,  a  circumstance  of 
very  frequent  occurrence,  as  for  instance  m  Trichosanthes 
palmata  mentioned  above  and  Acanthosicyos  horrida  (fig.  383), 
CitruUus  Colocynthis,  Cephalandra  palmata  (fig.  388),  Bryonia 
laciniosa  (fig.  390)  and  Cionandra.    In  all  the  last  five  the 
cotyledons  are  large  and  more  or  less  deeply  emarginate.  The 
primary  leaves  of  most  of  them  are  very  characteristic  of  the 
Order  and  show  a  greater  or  less  amount  of  evolution.  A 
good  instance  is  that  of  Citrullus  Colocynthis,  the  first  leaf 
of  which  is  rotund,  truncate  at  the  base,  and  obscm-ely 
crenate  ;   the   second  is   oblong-cordate,   five-nerved  and 
shallowly  five-lobed,  followed  by  others  that  are  more  deeply 
and  sharply  divided.    The  first  leaf  of  Cephalandra  palmata 
is  cordate;  the  second  and  third  palmately  three-  to  five- 
nerved  and  -lobed.    The  first  six  leaves  of  Bryonia  laciniosa 
are  five-nerved   and  deeply  tripartite,  the  divisions  being 
narrow  from  the  third  leaf  onwards.    The  most  striking  case 
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occurring  in  this  group,  or  indeed  in  the  whole  Order,  is  that 
of  Acanthosicyos  horrida  which  bears  organs  that  are  morpho- 
logically leaves  but  are  functionally  useless  as  such.  The 
first  leaf  is  small,  linear,  entire,  concave  and  carinate.  From 
the  second  to  the  fifth  inclusive  they  are  gradually  smaller 
and  subtended  by  a  pair  of  spines,  but  otherwise  similar 
to  the  first.  This,  the  only  species  of  the  genus,  is  a  native 
of  the  dry  sandy  deserts  of  Angola  and  Dammara  Land; 
and  the  reduction  in  size  or  almost  entire  abortion  of  the 
leaves  is  the  expression  of  the  adaptation  of  the  plant  to  its 
environment. 

Besides  the  above  types  a  few  others  may  be  mentioned 
which  differ  so  much  from  the  leadmg  ones  and  from  one 
another  as  far  as  the  cotyledons  are  concerned  that  they  may 
be  regarded  at  any  rate  for  the  present  as  exceptional.  The 
cotyledons  of  Bryonia  dioica  (fig.  391)  are  suborbicular,  entire, 
suddenly  cuneate  at  the  base,  with  slender,  considerably 
elongated  petioles.  They  are  small  compared  with  those  of 
B.  laciniosa,  and  altogether  different  in  shape.  The  elongation 
of  the  petioles  would  appear  to  be  necessary  owing  to  the 
hypocotyl  being  almost  suppressed  or  scarcely  rising  above 
ground.  Thladiantha  dubia  (fig.  385)  has  a  relatively  short 
hypocotyl,  suborbicular,  broadly  and  shallowly  emarginate 
cotyledons,  with  comparatively  long  petioles,  all  of  which  are 
rather  thickly  strewn  with  stif&sh  hairs. 

An  extraordinary  instance  of  another  kind  occurs  in 
Megarrhiza  californica,  the  hypocotyl  of  which  is  short, 
subterranean,  and  together  with  the  upper  portion  of  the 
root  becomes  developed  mto  an  enormously  thickened  and 
fleshy  tuberous  structure.  The  cotyledons  are  large,  fleshy, 
plano-convex,  and  never  leave  the  large,  oblong,  tumid  seed 
although  they  are  carried  two  or  three  inches  above  ground 
by  the  petioles.  The  latter  appear  further  to  be  connate  into 
a  cylindrical  tubular  body  tapering  upwards,  but  they  are 
really  separable.  The  plumule  proceeds  from  a  slit  between 
the  petioles  close  to  the  base  of  the  latter  at  the  level  of  the 
ground  or  below  it.  The  first  three  or  four  leaves  are  reduced 
to  small  scales.  All  this  growth  prelimmary  to  the  develop- 
ment of  normally  expanded  leaves  is  produced  at  the  expense 
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of  the  fleshy  cotyledons.  This  behaviour  shows  that  the  plant 
is  adapted  to  germinate  and  rise  through  a  considerable  depth 
of  superincumbent  sand,  or  other  material.  The  fleshy  coty- 
ledons and  the  large  subterranean  tuberous  root  would  also 
show  an  adaptation  to  a  dry  climate  or  soil. 

Trichosanthes  Anguina,  L. 

Boot  fibrous. 

ifT/pocoi^/Z  herbaceous,  5-8  cm.  long,  3-4  mm.  thick,  twisted, 
subereot,  multiangular,  slightly  pubescent,  pale  green. 

Cotyledons  opposite,  sometimes  but  rarely  1-3  and  whorled 
(probably  Mable  to  still  further  modification),  sessile,  oblong-spathu- 
late,  obtuse,  often  emarginate,  with  entire,  undulated  and  recurved 
margins,  obscurely  trinerved  above,  outer  nerves  showing  veins 
running  towards  the  margin  if  seen  from  below,  thick,  scabrous, 
rather  persistent. 

Stem  ridged,  suberect ;  1st  internode  3-4  cm.  long,  2  mm.  thick, 
sUghtly  pubescent  and  scabrous  ;  2nd  5-7  cm.  long,  1*5  mm.  thick, 
with  swollen  buds  in  the  axils  of  the  first  leaves  and  more  hispid  ; 
in  some  the  first  two  internodes  are  very  short  and  stout,  wiule 
the  third  elongates  considerably. 

Leaves  usually  alternate,  but  often  opposite  or  even  whorled, 
long-petioled,  7-12  cm.  long,  4-7  cm.  wide  (the  alternate  ones  being 
the  largest,  cordate-ovate,  with  deep  base  and  acute  or  acuminate 
apex,  sinuate-dentate,  or  doubly  dentate,  often  irregularly  lobed, 
scabrous  on  both  surfaces  as  well  as  on  the  margin,  palmatinerved 
and  very  distinctly  veined,  shghtly  convex,  thin,  yellowish-green 
above,  less  shining  and  lighter  below. 

The  second  pair,  or  the  third  alternate  leaf,  or  the  first  one  above 
the  lower  pair  of  the  usual  palmatilobed  form,  have  a  tendril  in  the 
axil  of  the  petiole. 

Trichosanthes  cucumerina,  L.  (fig.  381). 
Primanj  root  long,  tapering,  much  branched  especially  near  the 
base. 

Hypocotyl  undeveloped,  subterranean. 

Cotyledons  oblong-ovate,  obtuse,  plano-convex,  fleshy,  narrowed 
at  the  base  to  very  short  petioles,  bursting  the  testa  during  germi- 
nation, and  partly  or  not  at  all  expanded,  strictly  subteiTaneau, 
conforming  in  outline  to  the  shape  of  the  seed. 

Stem  terete,  liairy,  climbing  by  means  of  tendrils ;  1st  mter- 
nodc  elongated. 
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Leaves  simple,  palmately  five-lobed,  and  three-  to  five-nerved, 
hairy  or  downy  on  both  surfaces,  alternate,  exstipulate. 

No  1.  Ovate,  three-  or  incipiently  five-lobed,  five-nerved  with 

the  middle  pair  of  nerves  arismg  at 
some  distance  above  the  base. 

Nos.  2-5,  inclusive.  Palmately 
five-lobed,  trinerved  with  the  nerves 
of  the  lower  lobes  arising  as  branches 
from  above  the  base  of  the  middle 
pair. 


Fig.  Z%l.-TrichoBanthes  cucumerina.       Fig.  %%'l.-TTichosantnes  pahnata. 
Nat.  size.  iN  at.  size. 

Trichosanthes  palmata,  Boxh.  (fig.  882). 

Hypocotyl  succulent,  3-4  cm.  long,  2-3  mm.  thick,  channeUed 
above,  round  near  the  base,  glabrous,  whitish-green. 

Cotyledons  sessile  or  subsessile  with  connate,  decurrent  petioles, 
2-5-3  cm.  long,  1-1-25  cm.  wide,  elliptic,  obtuse,  scabrous,  margin 
recurved,  yellowish -green  above,  whitish  below,  rather  persistent ; 
nerves  distinct  and  pinnate. 

Stem  suberect  at  first,  ultimately  climbing,  quadi-angular  or 
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ridged  with  dark  green,  edges  hairy ;  the  first  few  internodes  very 
short,  nearly  as  thick  as  the  hypocotyl,  the  subsequent  ones  several 

centimetres  long. 

Leaves  simple,  cauline,  alternate,  petio- 
late,  palmatinerved  and  reticulate,  toothed, 
ultimately  palmately  three-  to  five-lobed,' 
scabrous,  deep  green  above,  paler  beneath; 
petiole  semiterete,  channelled  above,  taper- 
ing shghtly  upwards  from  a  stout  base. 

No.  1.  4-6  cm.  long  and  3-5-5  cm. 
wide,  with  a  stout,  channelled  petiole 
nearly  half  as  long  as  the  blade,  broadly 
cordate,  smuate-dentate,  often  irregularly 
palmatilobed,  each  tooth  and  the  acumm- 
ate  apex  ending  in  a  mucro,  palmatinerved 
and  obscurely,  although  closely  reticulated, 
scabrous,  rather  thick. 
No.  2.  Similar. 

No.  8.  With  a  tendril  from  the  axil  and 
more  palmatilobed,  also  with  a  deeper  notch 
at  the  base,  and  sunk  nerves  and  veins. 

Acanthosi.cyos  horrida,  Welw.  (fig.  383). 

Hypocotyl  very  variable  in  length,  erect , 
succulent,  pale  green  with  two  short  lines 
of  glandular  hairs  running  down  from  the 
base  of  the  cotyledons,  otherwise  gla- 
brous. 

Cotyledons  ovate  or  obovate,  obtuse, 
subQmarginate,  three-  to  five-nerved,  convex 
above  and  covered  with  a  short,  dense, 
white,  scabrous  pubescence,  pale,  or  sub- 
glaucous-green,  paler  beneath,  glabrous, 
shining,  five-nerved  and  subreticulate,  3-15  cm.  long,  2-2  cm.  wide. 

Stem  erect  when  young,  succulent,  terete,  ridged  and  furrowed, 
thinly  hairy  with  jointed  hairs ;  ridges  pale  and  furrows  deep 
green  ;  1st  internode  undeveloped  ;  2nd  5'1  cm.  long. 
Leaves  simple,  cauhne,  alternate. 

No.  1.  Oblong,  linear,  acute,  concave,  carinate,  entire,  8'25  mm. 
long. 

Nos.  2  and  3.  Similar  but  smaller  with  a  spine  on  each  side  at 
the  very  base  in  the  position  of  stipules ;  spines  ridged,  fuiTowed 
and  hairy  like  the  stem. 


Pig.  883. 
Acanihosicyos  horrida. 
Half  nat.  size. 
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Nos.  4  and  5.  Similar,  but  more  reduced  in  size. 


Momordica  muricata,  Willd.  (fig.  384). 

Hypocotyl  suberect,  herbaceous,  5-8  cm.  long,  2-3  mm.  thick, 
slightly  twisted,  glabrous,  colourless. 

Cotyledons  sessile, 
about  1*5  cm.  long,  6-8 
mm.  wide,  oblong,  ob- 
tuse and  recurved  at  the 
apex,  entire,  very  ob- 
scurely nerved,  generally 
concave,  thick,  fleshy, 
glabrous,  dark  green 
above,  somewhat  paler 
below,  rather  persistent. 

Stem  somewhat  twist- 
ed, slightly  pubescent; 
1st  internode  3-4  cm. 
long,  2  mm.  thick  ;  2nd 
and  3rd  shorter  and 
thinner. 

Leaves. — First  pair 
opposite,  6-9  cm.  long, 
including  the  petiole, 
4-5  cm.  wide,  long- 
petioled,  rectangular, 
cordate  at  the  base,  the 
apex  and  the  two  adjacent  lobes  acuminate,  sinuate-dentate,  palm- 
ately  seven-  to  nine-nerved,  and  richly  veined,  nearly  flat,  not  very 
scabrous,  bright  green  above,  slightly  paler  beneath,  not  very  per- 
sistent. 

Second  pair  palmately  five-lobed  and  -nerved. 
No.  3.  and  all  the  rest  alternate,  and  assuming  the  ultimate 
shape  of  the  leaf. 

Momordica  involucrata,  E.  Meyer. 

Hypocotyl  succulent,  3  cm.  long,  2  mm.  thick,  terete,  glabrous, 
pale  green. 

Cotyledons  sessile,  about  1"2  cm.  long,  5  mm.  wide,  1  mm 
thick,  spathulate,  subconnate  at  base,  rotund  at  apex,  entire,  ob- 
scurely nerved,  glabrous,  pale  green  on  both  sides. 

Stem  suberect  at  first,  succulent,  terete  but  compressed  near 
the  base,  quadrangular  just  under  the  first  two  leaves,  with  a  few 


Fig.  384. — Momordica  muricata. 
Half  nat.  size. 
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scattered  hairs,  hght  green ;  1st  internode  3-4  cm,  long,  1-5  mm. 
thick. 

Leaves  simple,  cauline,  alternate  (first  pair  opposite),  exstipulate, 
petiolate,  palmati-nerved  and  -lobed,  reticulate,  pubescent,  rather 
membranous,  deep  green  above,  paler  beneath  ;  petioles  semiterete, 
tapering  slightly  upwards,  channelled  above. 

First  pair  opposite  with  channelled,  shghtly  pubescent  petioles, 
2  cm.  long  and  1-25  mm.  thick ;  lamina  4-5  cm.  long,  3-4  cm. 
wide,  broadly  cordate  with  truncate  apex,  irregularly  repand- 
dentate,  palmatinerved  and  reticulate  with  sunk  nerves,  pubescent 
and  dark  green  above,  slightly  paler  and  pubescent  on  nerves  only 
beneath,  not  very  thick. 

Nos.  3-5.  Alternate,  palmati-nerved  and  -lobed,  cordate  at  base. 

Thladiantha  dubia,  Bionge  (fig.  385), 

Hypocotyl  erect,  square,  stout,  minutely  hairy,  1-2  cm.  long, 
light  green. 

Cotyledons  subrotund  or  orbicular,  emarginate  (entire  at  first), 

petiolate,  covered  with  stifiish 
hairs  on  the  upper  side,  gla- 
brous beneath,  green,  in- 
curvinerved ;  petioles  broad, 
deeply  channelled  on  the  upper 
side. 

Stem  erect,  terete,  hairy, 
herbaceous ;  1st  internode 
3-4  mm.  long. 

First  leaves  simple,  cau- 
line, alternate,  petiolate,  ex- 
tipulate,  subrotund,  obtusely 
crenate  or  bluntly  serrate, 
cordate  at  the  base,  hairy, 
green,  pinuatinerved. 

Cucumis  sativus,  L.  (fig. 
886). 

Hypocotyl  quadrangular  with  obtuse  angles  and  a  median  furrow 
along  each  face,  succulent,  pale  green,  pubescent  or  scabrous  on  the 
angles,  erect,  5  cm.  long,  lengthening  as  it  develops  to  9  cm., 
4  mm.  thick. 

Cotyledons  oblong,  obtuse,  narrowed  at  the  base  mto  short, 
broad,  deeply-channelled  petioles,  with  ascending  nerves,  pale  green 


Pig.  dS5.— Thladiantha  dubia,  x  2. 
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above  and  scabrous,  paler  beneath,  shining  and  glabrous,  3  cm.  long, 
lengthening  to  6-5  cm.,  1  cm.  wide,  widening  to  2  cm. 

Stem  erect,  deeply  angled  and  furrowed,  pale  green,  succulent, 
coarsely  pubescent  and  scabrous,  ultimately  flexuose,  ok  zigzag  at  the 
nodes,  climbing ;  hairs  usually  deflexed;  1st  internode  undeveloped  ; 
2nd  4-5  cm.  long  ;  3rd  1-8  cm. 

Leaves  simple,  cauhne,  alternate,  cirrhose  or  not,  petiolate, 
coarsely  pubescent  or  hairy  on  both  sides  and  scabrous ;  petioles 
subterete  and  channelled  above,  frequently  ridged  and  furrowed 


Pig.  386. — Cucumis  sativus.    Nat.  size  (very  young). 


especially  at  the  sides.  A  tendril  occurs  in  the  axil  of  the  second 
or  third  and  succeeding  leaves. 

No.  1.  Lamina  broadly  cordate,  acute,  palmately  five-nerved, 
angled  or  shallowly  lobed  about  the  middle  at  the  termination  of  the 
nerves,  irregularly  repand-dentate  between  the  angles  or  lobes, 
entire  towards  the  base  on  each  side  of  the  sinus,  pale  green  above 
with  sunk  nerves,  paler  green  beneath  with  prominent  nerves  and 
reticulations. 

No.  2.  More  decidedly  five-lobed,  and  toothed  almost  to  the 
base. 

No.  8.  Similar. 
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No.  4,  Seven-nerved  and  -lobed ;  lobes  more  decidedly  acumi- 
nate. 

Citrullus  Colocynthis,  Schrad.  {fig.  387). 

Hypocotyl  herbaceous,  erect,  terete,  glabrous,  pale  green,  1*7  cm. 

long. 

Cotyledons  oblong,  ob- 
tuse, subglandular  on  both 
surfaces,  convex  above,  more 
or  less  concave  beneath,  taper- 
ing to  a  broad,  short  petiole, 
2-1  cm.  long,  1  cm.  wide. 

Leaves  cauline,  simple, 
alternate,  petiolate. 

No.  1.  Eotund,  obtuse, 
truncate  at  the  base,  ob- 
soletely  crenate  with  many 
strong  nerves,  pubescent  and 
scabrous  on  both  surfaces, 
but  chiefly  at  the  margin  and 
on  the  under  side ;  petiole 
subterete,  channelled  above, 
scabrid  with  coarse  short 
hairs. 

No.  2.  Oblong-ovate,  sub- 
FiG.  387. — Citrullus  Colocynthis.         palmately    five-nerved  and 

-lobed  ;  lobes  and  serratures 
obtuse,  mucronate,  otherwise  like  No.  1. 

No.  3.  Palmately  oblong,  five-nerved  and  -lobed ;  lobes  distinct 
with  obsolete  and  mucronate  serratures ;  middle  lobe  largest, 
ovate. 

Cephalandra  palmata,  Schrad.  (fig.  388). 

Hypocotyl  succulent,  about  2  cm.  long,  1*5-2  mm.  thick,  obtusely 
quadrangular,  shghtly  pubescent,  light  green. 

Cotyledons  shortly  stalked,  about  2-5  cm.  long  and  nearly  1-5  cm. 
wide,  oblong-obovate,  cuneate  at  the  base,  emarginate  or  bluntly 
mucronate  at  the  apex,  entire,  with  smik  midrib  and  two  pairs  of 
sunk  nerves,  rather  thick,  glabrous,  hght  green  above,  pale  beneath. 

Stem  with  very  short  internodes  (1-5  mm.  long),  succulent, 
angular,  pubescent,  light  green,  about  1  mm.  thick. 

Leaves  simple,  cauline,  alternate,  exstipulate,  petiolate,  palmately 
nerved  and  lobed,  scabrous,  pubescent  beneath,  light  green  above, 
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paler  beneath;  petioles  tapering  slightly  upwards,  semiterete, 
channelled  on  the  upper  side. 

No.  1.  With  a  channelled  pubescent  petiole  2-2-5  cm.  long  by 
1-5  mm.  wide,  and  a  cordate,  acuminate,  irregularly  serrate-dentate 
lamina,  scabrous  above,  pubescent  beneath,  hght  green,  thin, 


Fig.  388. — Cephalandra  jpalmata.    Three-quarters  nat.  size. 


palmatinerved  and  reticulately  veined,  3-4  cm.  long  and  about 
3  cm.  wide. 

No.  2.  Distinctly  palmately  trilobed. 

Nos.  3  and  4.  Palmately  five-lobed  like  those  of  the  Vine. 

Bryonia  laciniosa,  L.  (fig.  389). 
Fruit  baccate,  globose,  indehiscent. 

Seed  obovoid,  entirely  surrounded  at  the  edges  with  a  shallow 
ridge,  compressed  at  the  sides  where  they  are  protected  by  a  large 
semi-obovoid  mass  of  corky-brown  matter  ;  micropyle  and  hilum 
basal ;  raphe  and  chalaza  inconspicuous. 

Endosperm  absent. 

JEvibryo  straight,  large,  occupying  the  whole  interior  of  the 
cavity  to  which  it  conforms  ;  cotyledons  oblong-oval,  obtuse,  entire, 
thick  or  subfleshy,  plano-convex,  and  closely  occupying  the  cavity 
of  the  seed,  pale  yellow ;  radicle  short,  turbinate,  obtuse,  close  to 
the  hilum. 

Seedling  (fig.  390). 

Hypocotyl  erect,  obtusely  quadrangular,  glabrous,  shining,  pale 
green  mottled  with  darker  green,  and  with  green  lines  on  the  angles 
and  sometimes  between,  5*6  cm.  above  the  soil. 

Cotyledons  foliaceous,  obovate-oblong,  obtuse,  emarginate,  tri- 
nerved  in  the  basal  half,  and  alternately  penninerved  in  the  upper, 
glabrous  on  both  surfaces,  green  above,  pale  beneath,  with  short 
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petioles  ;  lamina  3"5  cm.  long,  2'1  cm.  wide  ;  petiole  grooved  above, 
2  mm.  long. 

Stem  erect  at  first,  herbaceous  and  zigzag,  ultimately  climbing, 
five-angled  and  furrovi^ed,  glabrous  or  slightly  bristly,  pale  green 
with  dark  markings  ;  1st  internode  undeveloped  ;  2nd  and  8rd  each 
9*5  mm.  long. 

Leaves  simple,  palmate,  cauline,  alternate,  exstipulate,  petiolate. 


O'C 

Pio  389.-5rz/oma  laciniom.    A,  seed,  x  10.   B,  longitudinal  section  of 
seed  :  6c,  testa :  10,  tegmen,  x  10.    C,  transverse  section  of  seed,  x  10. 

thinly  hairy  and  scabrous  above  and  deep  green,  paler  beneath, 
scabrous  on  the  principal  nerves,  otherwise  glabrous  ;  petiole  sub- 
terete,  shghtly  bristly,  channelled  above,  pale  green  with  darker 

nerves,  shining.  , 

No   1    Five-nerved,  tripartite;    middle  segment  lanceolate- 
elliptic,  acute,  distantly  dentate  ;  lateral  segments  obUquely  oblcnig 
or  lanceolate,  acute,  slightly  dentate  especially  on  .the  oblique  side, 
where  a  large  tooth  indicates  further  division. 
No.  2.  Similar,  but  more  decidedly  dentate. 
Nos.  3  and  4.  Palmately  five-nerved,  five-lobed  ;  middle  lobe 
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lanceolate-ell  ptic,  acuminate,  acute,  serrate-dentate,  revolute  at  the 
margin  ;  lateral  lobes  lanceolate,  serrate-dentate  especially  on  the 
posterior  side ;  basal  lobes  small,  developed  by  fission  from  the 
lateral  or  those  lobes  immediately  above  them,  ovate,  acute,  dentate 
mostly  on  the  posterior  side,  which  is  somewhat  obhque. 


Pig.  390. — Bryonia  laciniosa.    Half  nat.  size. 


Bryonia  dioica,  Jacq.  (fig.  891). 

Primary  root  succulent,  oblique,  colourless,  with  a  few  fibres. 
Hypocotyl  very  short,  succulent,  ridged,  about  -5  cm.  long,  1'5 
mm.  thick. 

Cotyledons  unequal,  1-5-2  cm.  long,  -75-1  cm.  wide,  with  pub- 
escent petiole  as  long  as  blade,  1-1-5  mm.  wide,  orbicular  or  nearly 
so,  suddenly  cuneate  at  the  base,  rounded  at  the  apex,  entire, 
palmatinerved  and  coarsely  reticulate,  pubescent,  thin,  light  green, 
not  very  persistent. 

Stem  suberect  at  first,  ultimately  chmbing  by  means  of  tendrils, 
not  quite  1  mm.  thick,  angular,  pubescent,  pale  green  ;  1st  internode 
about  1  cm  long  ;  the  others  1-5-2  cm. 

Leaves  simple,  cauline,  alternate,  exstipulato,  petiolate,  ultimately 
palmately  nerved  and  lobed,  reticulate,  pubescent,  scabrous,  deep 
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green  above,  paler  beneath;  petiole  rather  slender,  semiterete, 
channelled  above,  hairy. 

No.  1.  Long  petioled,  2-3  cm.  long,  1-1-5  cm.  wide,  cordate 
or  subcordate,  sinuate -dentate  or  lobed,  with  part  of  the  blade 
often  aborted,  acuminate,  palmatinerved,  pubescent  approaching  to 
scabrous,  dark  green  above,  very  slightly  paler  below. 


No.  2.  Similar,  but  more  ovate  and  uniformly  sinuate-dentate 
and  lobed. 

No.  3  or  4.  As  in  the  preceding  species. 

Tendrils  do  not  appear  as  a  rule  before  the  sixth  or  seventh 


Fig.  391. — Bryonia  dioica.   Nat.  size. 


node. 


END  OF  THE  FIRST  VOLUME 


PniNTKD  BY 
8P0TTISW00DK  AND  CO.,  NKW-S'IHEKT  SQUARB 
LONDON 


so 


SEEDLINGS 

VOL.  II. 


CONTRIBUTION  TO  OUR  KNOWLEDGE 

OF 

SEEDLINGS 


BY  THE  EIGHT  HON. 

SIE    JOHN    LUBBOCK,  BAET. 

M.P.,  P.K.S.,  D.C.L.,  LL.D. 


WITH  6S4  FIGURES  IN  TEXT 


IN  TWO  VOLUMES 

YOL.  11. 


LONDON 

KEGAN  PAUL,  TRENCH,  TEUBNER  &  CO.  Ltd. 

PATERNOSTER  HOUSE,  CHARING  CROSS  ROAD  ' 

1892 


ghts  Of  immlation  and  of  reproduction  are  reserved) 


A  CONTBIBUTION 

TO  OUR 

KNOWLEDGE  OF  SEEDLINGS 


BEGONIACE^. 

Benth.  et  Hook.  Gen.  PI.  i.  841. 

Fruit  and  Seed. — The  ovary  of  the  Begoniacese  is  as  a  rule 
wholly  inferior.  That  of  Hillebrandia  forms  an  exception, 
being  free  for  a  short  distance  at  the  apex.  Most  frequently 
it  is  three-celled  with  three  wings  or  angles,  rarely  one-,  two-, 
four-,  or  many-celled.  The  placentas  are  axile  and  simple, 
or  consist  of  two  plates,  or  are  branched  and  project  into 
the  cavity  of  the  ovary ;  in  the  case  of  one-celled  ovaries  they 
are  thick  and  spongy.  The  ovules  are  very  numerous,  most 
often  covering  the  whole  surface  of  the  placentas  and  ana- 
tropous.  The  fruit  is  capsular,  dehiscing  loculicidally  or  rarely 
septicidally ;  but  a  few  species  of  Begonia  have  baccate  fruits 
bursting  irregularly.  Those  of  Hillebrandia  dehisce  by  a 
large  opening  between  the  styles  and  above  the  calyx- 
segments.  The  capsule  of  this  genus  also  differs  from  the 
prevailing  type  by  being  hemispherical  and  wingless.  The 
mature  fruit  has  the  same  number  of  cells  as  the  ovary, 
and  contains  very  numerous  minute  seeds  of  an  oblong 
or  cylindrical  outline,  with  a  membranous  reticulate  testat 
Endosperm  is  wanting,  or  is  reduced  to  a  thin  layer  sur- 
rounding the  embryo.  The  latter  conforms  to  the  outline  of 
the  seed,  and  has  very  short  cotyledons,  with  an  elongated 
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radicle,  or  both  may  be  comparatively  stout  and  of  equal 
length. 

Seedlings. — Where  the  seed  is  minute  the  seedling  must 
also  necessarily  be  small,  but  the  outline  of  the  cotyledons 
depends  greatly  upon  the  presence  or  absence  of  endosperm. 
The  latter  has  also  a  great  influence  upon  the  size  of  the 
seedling  both  during  and  after  germination.  As  endosperm 
is  generally  absent  the  seedlings  are  minute  and  of  slow 
growth  in  the  early  stages.  The  cotyledons  of  Begonia  villosa 
(fig.  392)  are  roundly  elliptic,  entire,  shortly  petiolate,  and 
close  to  the  ground  owing  to  the  shortness  of  the  hypocotyl. 
The  first  leaf  is  cordate,  entire,  and  the  second  reniform- 
orbicular  and  crenate,  followed  by  others  which  are  gradually 
larger,  broader  and  more  or  less  oblique,  the  latter  character 
being  very  prevalent  in  the  Order.  The  seedlings  of  B.  parvi- 
flora,  B.  boliviensis,  B.  Veitchii,  B.  Pearcei  and  other  tuber- 
ous species  agree  pretty  closely  in  general  characters  with  the 
above.  The  cotyledons  of  B.  modesta  (fig.  393)  are  small, 
oval,  shortly  petiolate  and  both  directed  to  one  side  of  the 
axis.  The  first  leaf  is  subreniform,  entire  and  oblique,  fol- 
lowed by  a  second  that  is  larger,  serrate  at  the  base  and  very 
oblique.  The  third  is  still  more  oblique  and  irregularly  den- 
tate. The  behaviour  of  the  cotyledons  is  apparently  due  to 
their  being  connate  by  their  petioles  at  the  base. 

Begonia  villosa,  Lindl.  (fig.  392). 

Primary  root  slender,  with  comparatively  strong  adventitious 
lateral  roots  near  the  upper  end  at  a  very  early  stage. 

Hypocotyl  very  short  or  undeveloped,  or  suddenly  tapered  to  a 
blunt  point  and  giving  off  adventitious  roots. 

Cotyledons  very  small,  rotund,  obtuse,  very  shortly  petiolate, 
glabrous,  light  green,  with  a  slender  midrib  but  no  other  discernible 
venation';  lamina  1-1-25  mm.  in  diameter ;  petiole  dilated  and 
slightly  connate  at  the  base,  about  -5  mm.  long  above  the  connate 
part. 

Stem  herbaceous,  erect,  terete,  shghtly  pubescent;  primary 

internodes  undeveloped.  .•  i  . 

Leaves  simple,  radical  and  cauline,  alternate,  stipulate,  petiolate, 
more  or  less  pilose  on  both  surfaces  when  young,  with  jointed 
hairs,  unequal-sided,  with  alternate,  ascending  or  incurved  nerves,  all 
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radiating  from  near  the  base,  also  with  the  midrib  and  the  principal 
nerves  again  giving  off  alternate  ascending  smaller  branches,  bronzy 
green  on  the  upper  surface  when  unfolding,  becoming  green  with  a 
shining  metallic  lustre,  more  or  less  red  beneath  ;  petioles  terete, 
succulent,  pale  in  the  young  state, 
becoming  reddish,  coarsely  hairy  with 
jointed  hairs  ;  stipules  ovate  or  deltoid^ 
acute  or  aristate,  entire  or  more  or  less 
dentate. 

No.  1.  Cordate,  obtuse,  entire, 
deeply  auricled  at  the  base,  more  or 
less  obhque  or  unequal-sided. 

No.  2.  Rotund-cordate,  more  or  less 
obhque,  deeply  auricled  at  the  base, 
five- to  seven-nerved,  shallowly  crenate. 

No.  3.  Broadly  and  obliquely  cor- 
date, obtuse,  deeply  auricled  at  the 
base,  crenate,  about  eight-nerved — 
three  on  one  side  of  midrib  and  four 
on  the  other. 

No.  4.  Similar,  but  much  larger, 
more  elongated  with  the  prmcipal  nerves  branched,  or  sometimes 
havmg  three  nerves  on  one  side  and  five  on  the  other. 

No.  5.  Similar  to  the  last  but  more  decidedly  obhque,  and  more 
elongated  at  the  apex  where  it  becomes  much  narrower. 


Fig.  392. — Begonia  villosa,  x  4. 


Fig.  m6.— Begonia  modesta.    Nat.  size. 

Begonia  modesta,  Liebm.  (fig.  398). 
Primary  root  fibrous,  very  short. 

B  2 
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Hypocotyl  3-4  mm.  long,  1-5  mm.  thick,  succulent,  terete, 
glabrous,  brownish. 

Cotyledons  directed  to  one  side  of  the  axis,  shortly  stalked, 
3-4  mm.  long,  2  mm.  wide,  obtuse  lozenge-shaped  or  oval,  rounded 
at  apex,  oblique,  entire,  with  obscure  midrib,  glabrous,  pale  green. 

Stem  succulent,  terete,  pubescent ;  1st  internode  1-2  mm.  long, 
1-5  mm.  thick;  2nd  3-4  mm.  long,  1-5  mm.  thick. 

Leaves.— Eo.  1.  Lamina  1*5  cm.  long,  1-75  cm,  wide,  broadly 
cordate,  obtuse  at  apex,  entire,  palmatinerved,  membranous,  pub- 
escent, bright  green  above,  paler  and  glabrous  below  ;  petiole  1-5- 
2  cm.  long,  pubescent. 

No.  2.  ObUquely  cordate,  obtuse,  obscurely  serrate,  cihate  and 
piTbescent  on  both  surfaces  as  well  as  the  petioles. 

No.  3.  Serrate,  and  more  oblique. 


CACTE^. 

Benth.  et  Hook.  Gen.  PI.  i.  845. 

Fruit  and  Seed.— The  one-celled  ovary  is  quite  inferior. 
The  exterior  is  smooth  or  more  often  covered  with  scaly 
bracts  or  little  tufts  of  bristly  hairs  or  prickles.  The  pla- 
centas are  variable  in  number,  but  are  usually  numerous, 
and  parietal,  bearing  numerous  horizontal  and  anatropous 
ovules.  The  fruit  is  smooth  or  variously  covered  with  the 
aborted  remains  of  adnate  sepals,  and  baccate  or  pulpy  when 
mature.  The  placentas  also  form  a  pulpy  mass  in  which  the 
seeds  lie  embedded.  The  latter  are  oblong  or  reuiform  and 
laterally  compressed,  or  thick  and  rounded.  The  testa  is  crus- 
taceous  or  bony,  of  great  thickness  and  dark  brown  or  black, 
smooth,  granulate  or  covered  with  small  depressions  as  in  some 
of  the  Passifloreffi.  Endosperm  is  scanty,  copious,  or  almost 
wanting,  and  is  generally  unequally  distributed  especially  in 
reniform  or  curved  seeds.  The  embryo  varies  greatly  m 
different  species,  being  curved,  hooked  or  straight,  club- 
shaped  or  cylindrical.  The  cotyledons  are  of  some  length,  or 
short,  or  the  embryo  maybe  merely  emarginate,  making  them 
appear  as  if  they  were  connate.  In  other  cases  they  are  fleshy, 
plano-convex  or  foliaceous.    The  stout  radicle  is  conical  and 
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short,  or  cylindriccal  and  elongated.    The  simplest  type  of 
embryo  observed  is  that  of  Mamillaria  lougimamma.  The 
seed  is  obovoid,  often  more  or  less  compressed  laterally,  and 
its  interior  is  entirely  occupied  by  the  embryo  which  conforms 
to  it.    There  is  no  separation  into  radicle  and  cotyledons,  but 
the  whole  forms  an  obovoid  mass  sUghtly  narrowed  at  the  end 
next  the  hilum,  which  may  be  considered  as  representing  the 
radicle.    The  presence  of  cotyledons  is  merely  indicated  by  a 
shallow  triangular  notch  at  the  apex.    From  these  circum- 
stances and  from  the  behaviour  of  the  seedlings  after  germina- 
tion, the  greater  part  of  this  thick,  short  and  fleshy  embryo 
must  be  considered  as  the  hypocotyl  which  has  assumed  a 
succulent  state,  and  acts  as  a  storehouse  of  reserve-material 
for  the  use  of  the  young  plant.    More  differentiation  is  shown 
by  Echinocactus  Wislizeni.    The  obliquely  oblong  or  subreni- 
form  seed  contains  a  small  quantity  of  subfarinaceous  endo- 
sperm round  one  end  of  which  the  cotyledons  are  curved  or 
bent  so  that  the  embryo  presents  an  oblong,  stout,  fleshy  body 
hooked  at  one  end.  The  embryo  of  Cereus  Napoleonis  (fig.  395) 
is  very  similar  to  that  of  Echinocactus  Wislizeni,  but  the 
cotyledons  are  more  bent,  and  the  seed  is  suborbicular  and 
much  compressed  with  a  deep  indentation  at  the  hilum.  The 
walls  of  the  testa  are  very  unequally  thickened,  the  greatest 
thickening  taking  place  round  the  end  of  the  seed  distant  from 
the  hilum.    Endosperm  is  wanting,  and  the  curvature  of  the 
embryo  is  brought  about  by  a  thickening  of  the  testa  and  the 
indentation  at  the  hilum.    In  Opuntia  Eafinesquii  the  seed  is 
reniform  or  suborbicular,  subcompressed,  and  the  embryo  is 
curved  round  the  greater  part  of  the  periphery  of  the  seed, 
enclosing  in  the  curve  a  quantity  of  farinaceous  endosperm, 
and  greatly  resembling  what  occurs  in  most  of  the  Caryo- 
phyllese,    Phytolaccacese,  Chenopodiaces,   and   other  allied 
Orders.    The  cotyledons  are  plano-convex  and  linear.  There 
is  more  complication  in  Opuntia  Dillenii  (fig.  399),  where  the 
embryo  is  on  the  whole  curved,  but  bent  or  angled  three  times 
transversely,  enclosing  a  small  quantity  of  endosperm.  The 
cotyledons  are  plano-convex  and  subulate-linear.    The  large 
orbicular  and  compressed  seed  is  very  much  thickened  round 
the  periphery. 
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Seedlings. — The  form  of  the  embryo  and  its  parts  in  the 
seed  have  a  direct  bearing  upon  the  form  of  the  seedling  with 
its  cotyledons.  We  meet  with  cotyledons  of  various  lengths 
and  shapes,  and  in  some  cases  they  may  be  considered  as 
absent,  or  at  all  events  functionless,  although  morphologically 
represented.  In  the  seeds  of  Mamillaria  longimamma  they 
appear  as  the  edges  of  a  three-cornered  cleft,  and  in  the 
seedlmg  of  M.  Goodrichii  they  are  not  more  conspicuous  and 
soon  become  indiscernible.  Similar  instances  are  furnished 
by  Echinocactus  viridescens  (fig.  394)  and  E.  Orcuttii.  The 
seedling  of  the  first  named,  eleven  months  after  sowing  of 
the  seed,  appears  as  a  small  obovoid  body  representing  a 
short  fleshy  turbinate  hypocotyl  bearing  minute  tooth-hke 
cotyledons,  above  which  the  short  stem  is  even  stouter, 
leafless,  and  covered  with  small  spines  in  tufts  arranged 
in  five  or  six  longitudinal  rows.  Seven  months  after  the 
sowing  of  the  seeds,  E.  Orcuttii  is  similar  to  E.  viridescens, 
but  smaller. 

The  cotyledons  of  Echinocactus  Wislizeni  attain  some  size 
in  the  seed,  but  after  germination  they  become  merged  in  the 
succulent  stem  by  the  swelling  of  the  latter,  so  that  seven 
months  after  sowing  they  appear  as  small  triangular  teeth 
about  1  mm.  long,  and  of  the  same  breadth,  projecting  from 
the  sides  of  the  seedling.  About  four  months  after  sowing, 
the  cotyledons  of  Cereus  tilophorus  borne  by  the  clavate 
succulent  hypocotyl  were  1-25  mm.  long,  and  2  mm.  wide. 
Those  of  Cereus  Napoleonis  after  three  months  were  1-5 
mm.  long,  2*5  mm.  wide,  triangular  and  succulent.  The 
hypocotyl  in  this  case  is  turbinate  and  very  short.  The 
seeds  of  this  species  are  comparatively  small,  and  so  is  the 
seedling  during  and  after  germination.  Seven  months  after 
sowing  it  is  much  larger,  with  the  cotyledons  about  3  mm. 
long,  and  as  wide.  Strikingly  different  from  all  of  the  above 
are  the  seedlings  of  Opuntia  basilaris  (fig.  398).  The  hypo- 
cotyl is  cylindrical  or  slightly  compressed,  but  much  less 
succulent  than  any  of  the  above  except  that  of  Cereus  tilo- 
phorus. The  cotyledons  are  subulate,  bluntly  pointed, 
1-5-3-5  cm.  long,  and  after  a  time  become  disarticulated  from 
the  axis.   They  are  also  of  unequal  lengths.  Abnormal  forms 
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occur,  having  only  one  cotyledon,  while  one  of  them  in  other 
cases  is  bifid.  Other  species  of  Opuntia  observed  not  only 
differ  from  most  members  of  the  Order,  but  also  remarkably 
from  the  last  species  mentioned.  The  hypocotyl  of  0. 
Labouretiana  is  subterranean,  and  the  cotyledons  are  ovate, 
obtuse,  fleshy,  and  very  unequal,  the .  larger  one  being  about 
2  cm.  long,  and  1-5  cm.  wide,  and  the  shorter  one  1-5  cm. 
long,  and  1  cm.  wide.  They  are  deep  green  and  persistent. 
Those  of  0.  occidentalis  (fig.  400)  are  similar,  but  smaller  in 
every  way.  In  both  of  these  species  true  leaves  occur — a 
very  unusual  occurrence  in  the  Order.  They  are  small,  subu- 
late, succulent,  seated  on  little  elevations  of  the  stem, 
surrounded  by  fascicles  of  spines  and  arranged  in  ascending 
spiral  rows ;  but  as  they  become  yellow  and  fall  away  early, 
they  are  comparatively  functionless.  Large  foliaceous  and 
persistent  leaves  occur  in  the  species  of  Pereskia.  The 
cotyledons  of  Phyllocactus  stenopetalus  (fig.  397)  are  similar 
to  those  of  Opuntia  occidentahs  and  0.  Labouretiana ;  but  are 
very  much  larger.  The  hypocotyl  is  terete  and  unusually 
elongated,  while  the  stem  is  much  flattened  and  leafless,  with 
fascicles  of  short  bristles  at  the  nodes  along  the  edges.  The 
genus  Nopalea  is  closely  allied  to  Opuntia,  and  N.  dejecta 
resembles  Opuntia  basilaris  in  its  hypocotyl,  which  is  cylin- 
drical and  1-6  cm.  long  ;  but  the  large  ovate  fleshy  cotyledons, 
the  conical  fleshy  stem,  and  the  small  caducous  leaves  resemble 
those  of  Opuntia  Labourtiana. 

Mamillaria  Goodrichii,  Scheer. 

Primary  root  small,  tapering,  with  very  few  lateral  rootlets,  but 
numerous  root-hairs. 

Hypocotyl  succulent,  ovoid  at  first  and  afterwards  globose, 
glabrous,  pale  transparent  green,  suffused  with  pale  purple,  2-5  mm. 
long,  3'75  mm.  broad. 

Cotyledons  represented  by  the  margins  of  a  cleft  at  the  apex  of 
the  hypocotyl,  and  soon  becoming  indiscernible. 

Stem  succulent,  developing  very  slowly  and  crowned  in  the 
seedling  stage  with  tufts  of  short  slender  spines  ;  spines  pink,  ulti- 
mately white,  pubescent,  about  equal  in  size. 

Leaves  none  or  represented  by  the  above-mentioned  spines  or 
bristles. 
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— col. 


Fig.  394. 

Ecliinocactus 
viridescens. 
Nat.  size. 


Echinocactus  viridescens,  Nutt.  (fig.  394). 

Primary  root  short,  tapering,  with  a  few  fleshy  lateral  rootlets, 
and  abundance  of  root-hairs. 

Hyjjocotyl  succulent,  short,  erect,  but  distinctly 
thinner  than  the  stem,  pale  transparent  green,  suf- 
fused with  purple,  and  mottled  with  pale  markings, 
4-5  mm.  long,  6  mm.  thick. 

Cotyledons  reduced  to  minute,  scarcely  elevated 
green  teeth. 

Stem  succulent,  erect,  oblong  or  globose  in  the 
seedling  stage,  glabrous,  shining,  coloured  hke  the 
hypocotyl,  slightly  five-  ur  six-angled  and  furnished 
Avith  tufts  of  spines  in  as  many  rows ;  spines  unequal 
with  usually  the  central  one  much  longer,  red  or 
pink  when  young,  ultimately  white,  pubescent  and 
seated  on  the  top  of  little  elevations  of  the  stem  in 
a  cushion  of  short  cottony  or  woolly  hairs. 
Leaves  none. 

The  seedhng  of  Echinocactus  Orcuttii,  Engelm.,  closely  re- 
senables  that  of  the  last  species. 

Cereus  Napoleonis,  Hook.  (fig.  395). 

Fruit  baccate,  scaly,  one-celled,  many-seeded  ;  pericarp  pulpy. 
Seed  irregularly  suborbicular,  and  angled,  compressed,  glabrous, 
black,  minutely  tuberculated  all  over,  but 
most  conspicuously  along  about  half  its  margin 
which  is  bordered  with  a  ring  of  thickened 
tissue  ;  testa  much  thickened,  crustaceous  or 
almost  bony ;  tegmen  much  thinner,  mem- 
branous, pale- coloured,  finely  reticulated ; 
hilum  very  large  and  conspicuous,  forming  a 
deep  bordered  pit  at  the  base  of  the  seed; 
micropyle  contiguous,  inconspicuous,  and  ap- 
pearing lateral  owing  to  the  size  of  the  hilum. 
Endosperm  wanting. 

Embryo  bent  or  hooked,  or  liammer-Uke, 
occupying  the  whole  interior  of  the  seed, 
fleshy,  colom-less;  cotyledons  short,  oblong, 
obtuse,  entire,  semiterete,  fleshy,  placed  with 
their  edges  to  the  compressed  sides  of  the  seeds  and  consequently 
in  the  narrow  way  of  the  latter,  bent  at  right  angles  to  the  radicle ; 
radicle  about  as  long  as  the  cotyledons,  oblong,  suddenly  tapered 


xc 

Fig.  395. 
Cerp.us  Napoleonis. 
Longitudinal  section  of 
seed,  X  9  :  h,  hilum ; 
in,  micropyle ;  oc, 
testa ;  ic,  tegmen  ; 
c,  cotyledon. 
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to  a  turbinate  obtuse  point,  fleshy,  lying  close  to  the  micropyle 
where  the  wall  of  the  seed  is  thinner. 

Seedling. 

Hypocotyl  succulent,  turbinate  or  obconical,  glabrous,  pale 
transparent  green,  suffused  with  pale  purple,  and  mottled  with  pale 
grey  markhigs,  3  mm.  above  gromid,  tapering  to  a  long  more  slender 
base,  altogether  1  cm.  long. 

Cotyledons  triangular,  obtuse,  succulent,  horizontal,  tapering 
into  the  stem  with  a  convex  surface  both  above  and  below,  coloured 
like  the  stem,  and  projectmg  about  1-5  mm.  from  it,  2-5  mm.  wide 
at  the  base,  persistent. 

Stem  succulent,  obtusely  five-angled,  glabrous,  coloured  like  the 
hypocotyl,  with  rows  of  slender,  pink  or  white,  minutely  pubescent 
bristles  on  the  angles. 

Leaves  none. 

Cereus  Emoryi,  Engelm.  (fig.  396). 

Primary  root  tapering,  stout  with  lateral 
rootlets  closely  chnging  fco  the  soil. 

Hypocotyl  turbinate,  very  stout  and  fleshy, 
glabrous,  purple,  mottled  with  white,  about  5  mm. 
long. 

Cotyledons  short,  very  fleshy,  perfoliate,  amal- 
gamated with  the  hypocotyl  and  the  stem,  with 
spreading  or  shghtly  decurved,  triangular,  acute 
points,  convex  on  both  surfaces  and  coloured  like 
the  hypocotyl ;  free  points  about  3  mm.  long,  and 
as  wide  or  wider  at  the  base. 

Stem  fleshy,  or  succulent,  erect  in  seedling 
stage,  oblong-ovoid,  glabrous  and  glossy,  green,  slightly  suffused 
with  purple,  covered  with  stellate  tufts  of  white,  or  pale  brownish 
bristles  in  seven  to   eight  longitudinal  rows;  about  l"5-2  mm. 
between  each  tuft,  and  l'5-3  mm.  between  the  rows. 

Leaves  none. 

Cereus  tilophorus,  Pfeiff. 

Hypocotyl  succulent,  clavate,  pale  purple  mottled  with  pale 
grey,  glabrous,  about  7  mm.  above  ground. 

Cotyledons  succulent,  triangular,  obtuse,  horizontal,  1-25  mm. 
long,  2  mm.  wide  at  the  base,  coloured  like  the  hypocotyl, 
persistent. 

Stem  succulent,  erect,  glabrous,  coloured  like  the  hypocotyl,  and 


Fig.  396. 

Cereus  Emoryi. 
Nat.  size. 
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furnished  with  tufts  of  slender,  white,  glabrous  bristles  seated  on 
the  top  of  little  woolly-capped  elevations,  in  five  or  six  rows. 
Leaves  none. 

Phyllocactus  stenopet- 
alus,  Salm-Dyck  (fig.  897). 

Hypocotyl  stout,  erect, 
terete,  glabrous,  l'8-2-4 
cm.  long,  green. 

Cotyledons  ovate  or 
oblong,  fleshy,  acute,  en- 
tire, sessile,  connate  at  the 
base,  very  unequal,  gla- 
brous, green,  without  any 
venation. 

Stem  fleshy  or  succu- 
lent, erect,  much  flattened, 
leafless,  with  small  tufts 
of  hairs  or  bristles  at  the 
nodes,  otherwise  glabrous, 
crenate  or  notched  along 
the  edges. 

Opuntia  Eafinesquii, 

Engelm. 

Fruit  a  fleshy  pulpy 
berry,  many-seeded. 
Seed  subrotund  or  oblate,  much  flattened  laterally  ;  testa  hard, 
bony,  rugose  ;  hilum  rather  conspicuous. 

Endosperm  scanty,  farinaceous,  surrounded  by  the  embryo  and 
white, 

Embryo  curved,  Ijdng  on  the  outside  of  the  endosperm ;  cotyle- 
dons linear,  curved  at  the  end,  obtuse,  entire,  lying  the  narrow 
way  of  the  seed  with  their  faces  to  the  axis  ;  radicle  slightly  longer 
than  the  cotyledons,  incumbent,  terete,  obtuse. 

Opuntia  basilaris,  Engelm.  et  Big.  (fig.  898). 

Primary  root  short,  succulent,  woolly,  tapering  downwards,  with 
a  few  short,  lateral,  fibrous  rootlets. 

Hypocotyl  succulent,  1-2  cm,  long,  8-4  mm,  thick,  slightly 
compressed,  glabrous,  of  a  dull  bronze  colour,  reddish  later. 

Cotyledons  sessile,  1-5-3-5  cm,  long,  about  4  mm,  thick  near 
the  base,  subulate,  similar  to  the  hypocotyl  in  outer  appearance, 


Fig.  897. — Phyllocactus  stenopetalus. 
Nat.  size. 
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showing  no  pulvinus  till  after  the  suberect  position  is  changed  to  a 
horizontal  one,  not  very  persistent. 

One  of  the  two  cotyledons  is  sometimes  bifid,  and  occasionally 
only  one  is  present. 


A  B  C 


Pig.  398. — Opuntia  basilaris. 
A  and  B,  stages  in  germination.    C,  seedling.    All  nat.  size. 


Stem  conical,  succulent,  about  5  mm.  thick  at  first,  green,  with 
acicular  spines  projectuig  in  a  substellate  manner  from  slightly 
tomentose  protuberances  arranged  spirally  around  the  young 
stem. 

Opuntia  Dillerdi,  Haw.  (fig.  399). 

Fruit  baccate,  pyriform,  tuberculate,  one-celled,  many-seeded, 
with  the  seeds  embedded  in  pulp. 


A  B 


Fio.  899.— Opwwiia  Dillenii.  A,  longitudinal  section  of  seed,  x  9  :  li,  radicle ; 
Af,  micropyle  ;  P,  endosperm  ;  OC,  testa ;  IC,  tegmen.  B,  transverse  sec- 
tion of  seed  near  base,  x  9  :  li,  radicle ;  P,  endosperm. 
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Seed  large,  orbicular,  laterally  compressed,  pale  brown  or 
whitish ;  testa  thickened,  hardened,  almost  bony,  forming  a 
strong  marginal  ridge  all  round  the  seed  except  at  the  hilum  and 
micropyle,  and  also  a  submarginal  ridge  on  each  face ;  tegmen 
black,  crustaceous,  closely  adhering  to  the  testa,  brownish  on  its 
inner  face  and  finely  reticulate  ;  micropyle  and  hilum  contiguous, 
basal. 

Endosperm  in  the  mature  seed  scanty,  white,  subfarinaceouF, 
generally  forming  a  thin  layer  surrounding  the  embryo,  but  thickest 
in  the  angle  formed  by  the  curve  of  the  latter  and  leaving  an 
evident  trace,  there  when  it  has  all  been  absorbed  elsewhere. 

Embryo  curved  or  hooked,  large,  assuming  this  shape  from 
the  enormous  thickening  of  the  testa,  almost  colourless  when  dry, 
white  when  moist ;  cotyledons  subulate,  hnear,  obtuse,  entire,  plano- 
convex or  semiterete,  considerably  narrowed  to  the  sharply  incurved 
tip,  incumbent ;  radicle  short,  oblong,  obtuse,  bent  nearly  at  right 
angles  to  the  cotyledons,  lying  close  to  the  micropyle  where  the 
testa  is  thinnest. 

Opuntia  occidentalis,  Engelm.  (fig.  400). 

Hypocotyl  subterranean,  stout,  tapermg  downwards,  pale  purple. 

Cotyledons  succulent,  unequal, 
ovate,  obtuse  or  tipped  with  a  carti- 
laginous point,  nearly  fiat  above,  con- 
vex on  the  back  ;  glabrous,  shining, 
deep  green,  mottled  with  minute  pale 
grey  markings  ;  larger  one  l*8o  cm. 
long,  9  mm.  wide ;  shorter  one  1-4  cm. 
long,  7"5  mm.  wide,  persistent. 

Stem  succulent,  erect,  glabrous, 
deep  green,  shining,  leafy,  ultimately 
Fig.  iQQ— Opuntia  occidentalis.  naked  or  without  leaves,  and  fur- 

nished  with  tufts  of  long,  slender, 
glabrous,  bristly,  white  spines,  springing  from  woolly  cushions,  in 
numerous  rows  ;  internodes  very  short,  each  about  2  mm.  long. 

Leaves  small,  numerous,  succulent,  forming  longitudinal  spiral 
rows  on  the  stem,  subulate,  or  narrowly  conical,  acute,  glabrous, 
dull  green,  seated  on  little  elevations  of  the  stem,  1  •5-2-25  mm. 
long,  •5--75  mm.  wide,  deciduous. 

The  seedling  of  Opuntia  Labouretiana,  '?  Anct.,  closely  resembles 
the  last,  but  has  its  unequal  cotyledons  wider,  and  the  young  stem 
clavate. 
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Benth.  et  Hook.  Gen.  PI.  i.  851. 

Fruit  and  Seed.— The  ovary  is  inferior  in  Mesembryan- 
themum  and  Tetragonia,  but  in  other  genera  it  is  usually 
surrounded  by  the  persistent  calyx.  The  carpels  vary  from  four 
to  twenty,  and  unite  so  as  to  form  an  ovary  of  as  many  cells. 
The  ovules  are  solitary  and  basal,  or  suspended  from  the  top 
of  the  cell,  or  they  are  numerous  and  arranged  on  placentas 
attached  to  the  inner  angles  of  the  cells,  and  amphitropous. 
The  fruit  is  capsular,  dehiscing  longitudinally,  or  transversely 
at  the  apex.  In  comparatively  few  cases  it  is  an  achene,  or 
drupe,  or  consists  of  several  lignified  pieces,  while  in  other 
cases  it  breaks  up  into  cocci  or  utriculi.  The  seeds  are  solitary 
or  indefinite,  reniform,  globose,  or  obovoid,  with  a  membranous 
or  crustaceous  testa.  Endosperm  is  present  in  greater  or  less 
quantity  and  in  most  cases  is  of  a  farinaceous  character.  The 
embryo  is  most  often  more  or  less  curved  or  subannular, 
peripheral,  and  terete,  with  linear,  plano-convex,  incumbent 
cotyledons  and  a  terete  radicle. 

There  are  several  exceptional  forms  in  the  Order,  the  most 
marked  of  which  is  Adenogramma,  consisting  of  seven  species 
of  South  African  plants  having  a  one-celled,  one-ovuled  ovary, 
and  a  fleshy  endosperm. 

The  ovary  of  Gisekia  is  apocarpous,  and  consists  of  five 
carpels,  while  in  Trianthema  and  sometimes  Galenia  there  is 
only  one  carpel.  A  type  of  the  Order  is  represented  by  Tetra- 
gonia expansa  (fig.  403),  having  somewhat  flask-shaped  seeds 
suspended  one  from  the  apex  of  each  cell  by  a  slender  funicle. 
The  embryo  is  terete,  and  surrounds  nearly  the  whole  of  the 
periphery  of  tbe  endosperm,  with  the  radicle  occupying  the 
neck  of  the  seed.  The  fruit  is  many-celled,  woody,  and  inde- 
hiscent,  with  generally  a  seed  in  each  cell.  The  mode  of  ter- 
mination is  shown  in  fig.  404:  the  embryo  pushes  its  way 
through  the  apex  of  the  fruit,  where  the  walls  are  very  thin 
in  places.  In  order  to  make  their  exit  through  these  narrow 
openings,  it  iri  necessary  that  the  cotyledons  should  be  linear. 
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Owing  to  the  number  of  seeds  and  embryos  in  each  fruit  there 
must  be  a  great  competition  amongst  the  seedlings  in  a  state 
of  nature,  since  there  is  no  means  of  dissemination,  as  in 
fruits  which  dehisce. 

Seedlings. — In  general  characters  there  seems  to  be  very- 
little  variation  amongst  the  cotyledons  of  this  Order,  although 
they  vary  slightly  in  detail.  Those  of  Tetragonia  expansa, 
above-mentioned,  are  the  longest  and  narrowest.  Amongst  the 
species  of  Mesembryanthemum  they  are  broadly  or  narrowly 
oblong,  rounded  at  the  apex,  sessile  and  connate,  or  perfoliate 
at  the  base,  and  so  succulent  that  no  venation  is  discernible, 
except  sometimes  a  faint  indication  of  a  midrib. 

Mesembryanthemum  tricolor um  (fig.  401)  presents  a  short 
and  comparatively  broad  type.  The  leaves  are  linear  or 
semiterete,  and  succulent  with  the  first  pair  developed  close 
to  the  cotyledons,  or  if  the  seedlings  are  crowded  at  some 
distance  from  them.  The  leaves  of  M.  capitatum  are  also 
semiterete.  The  cotyledons  of  M.  serratum  and  M.  echinatum 
(fig.  402)  closely  conform  to  those  of  M.  tricolorum ;  and  the 
primary  leaves  are  subulate,  semiterete  or  obtusely  trigonous 
and  succulent. 

A  modification  of  the  above  type  is  exhibited  in  the  cotyle- 
dons of  M.  cordifolium,  which  are  broadly  oblong,  foliaceous, 
flat  but  succulent,  minutely  wrinkled  or  areolated,  l-2-l'5  cm. 
long,  and  7-9  mm.  wide.  It  is  a  significant  fact  that  the 
leaves  are  also  flat  and  ovate,  or  subcordate,  from  the  first 
pair  onwards.  The  cotyledons  are  however  slightly  connate 
at  the  base.  A  type  with  narrow  cotyledons  occurs  in  M. 
pinnatifidum  where  they  are  linear-oblong.  The  prunary 
leaves  are  radical,  but  the  stem  ultimately  becomes  elongated 
and  procumbent  or  trailing,  with  caulme  leaves.  The  first 
pair  are  spathulate  and  entire,  followed  by  others  which  are 
sinuately  pinnatifid  with  rounded  alternate  segments. 

Mesembryantheinuni  tricolorum,  Haw.  (fig.  401). 

Primary  root  short,  tapering,  gi^^Ilg  off  a  few  lateral  fibrils  ; 
upper  part  succulent. 

Hypocotyl  succulent,  stout,  taperiug  from  the  cotyledons  down- 
ward, variable  in  length  and  subsequently  giving  off  a  few  short 
rootlets. 
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Cotyledons  connate  at  the  base  or  perfoliate,  sessile,  oblong, 
obtuse,  glabrous,  pale  green,  succulent,  5-8*5  mm.  long. 

Stem  erect,  terete,  ultimately  decumbent,  thickened  upwards 
from  the  pair  of  leaves  below  to  the  pair  above,  deep  red,  soft, 
succulent  and  watery  ;  1st  internode  8-10  mm.  long. 

Leaves  cauline,  opposite,  decussate,  exstipulate,  sessile,  connate 


Fig.  401. 
Mesembryanthemum  tricolorum. 
Nat.  size. 


Fio.  402. 

Mesembryanthemum  echinatum. 
Nat.  size. 


at  the  base  or  perfohate,  linear,  obtuse,  watery,  and  succulent, 
glabrous,  covered  with  longitudinal  glandular  lines  which  exude  a 
Hquid,  at  least  when  young,  pale  green  or  suffused  with  red,  and  more 
or  less  crystalline  in  appearance. 

First  pair  distant  from  the  cotyledons,  possibly  owing  to  crowding 
in  the  seed-bed. 

Second  and  third  pairs  crowded  when  young. 

Mesembryanthemum  echinatum,  Ait.  (fig.  402). 

Primary  root  slender,  tapering,  with  very  slender  lateral  fibrils. 
Eypocotyl  subterranean  and  short,  indistinguishably  mereine 
mto  the  root.  ^ 

Cotyledons  short,  rounded  at  the  end,  flattened  horizontally, 
perfohate,  succulent,  glabrous. 

Leaves  simple,  entire,  radical,  opposite,  exstipulate,  sessile, 
glabrous,  subulate,  acute,  or  subaristate  m  the  young  condition' 
deeply  convex  on  the  back  and  smooth  or  slightly  elevated  into 
rounded  and  shallow  prominences  with  corresponding  depressions 
between  them,  flattened  on  the  upper  surface  and  slightly  uneven 
bright  green  and  shining  on  both  surfaces.  ' 
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First  pair  l*G5-2  cm.  long. 
Second  pair  4-6*5  cm.  long. 
Third  pair  4-6  cm.  long. 

Mesembryanthemum  pinnatifidum,  L.  fil. 

Primary  root  fleshy,  tapermg  and  giving  off  lateral  rootlets, 
annual. 

Hypocotyl  succulent,  stout,  red,  glabrous,  about  8  mm.  long, 
2  mm.  thick. 

Cotyledons  linear-oblong,  obtuse,  fleshy,  flattened  above,  convex 
beneath,  connate  and  perfohate  at  the  base,  green  often  suffused 
with  red,  6  mm.  long,  2  mm.  wide. 

Stem  annual,  ultimately  elongated,  procumbent. 

Leaves  simple,  radical  and   cauluie,   opposite,  exstipulate. 


Fig.  409.—Tetrago7iia  expansa,  x  14.  A,  longitudmd  section  of  seed  : 
P,  endosperm;  F,  funiole ;  M,  micropyle ;  radicle;  OT,  testa; 
IT,  teginen.    B,  transverse  section  of  seed:  C,  cotyledons. 

petiolate,  glabrous,  succulent,  crowded  with  glands  which  cover 
all  parts  of  the  plant,  like  crystalline  papilla;  petioles  stout, 
succulent,  channelled  above,  convex  beneath,  much  dilated  at  the 
base  and  amplexicaul. 

First  pair  spathulate,  obtuse,  entire. 

Second  pair  sometimes  similar  or  somewhat  broader,  but  more 
frequently  oblong,  obtuse,  shallowly  and  repandly  lobed  ;  lobes 
rounded,  alternate. 

Third  and  fourth  pairs  oblong,  obtuse,  pmnatifid ;  lobes  rounded 
or  oblong,  entire,  alternate,  largest  at  the  upper  half  of  the  leaf, 
and  smallest  towards  the  base. 
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Tetragonia  expansa,  Ait.  (fig.  403). 

Ovary  inferior,  of  many  carpels,  many-celled,  with  one  pendulous, 
campylotropous  ovule  in  each  ceU ;  micropyle  superior. 

Fndt  a  nut,  more  or  less  compressed  on  two  sides  when  dry, 


Fig.  iOi.—Tetragonia  expansa,  x  4  A,  seedling  from  a  seed  that  had 
been  removed  from  the  fruit  before  sowing.  B,  fruit  soaked  in  water  before 
harieft  the  fra?t  ^^^"""^  mowing.    D,  seedling  after  it 

variously  angled,  free  at  the  apex,  furnished  above  the  middle  with 
four  to  five  horns,  with  the  three-  to  five-lobed  calyx  a  httle  higher 
up,  glabrous  or  nearly  so,  but  somewhat  scabrous,  hard  and  woody 
when  dry,  many-celled  with  one  seed  in  each  cell,  indehiscent. 

Seed  suspended  from  the  top  of  the  cell  by  a  long  slender  funicle 
II.  ' 
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curved  and  somewhat  flask-shaped,  owing  to  the  greatly  elongated 
part  containing  the  radicle  and  micropyle,  conforming  to  the  interior 
of  the  cell,  pale  brown,  glabrous  ;  testa  and  tegmen  both  thin  and 
membranous  ;  hUum  at  the  notch  on  one  side  formed  by  the  curva- 
ture of  the  seed ;  micropyle  at  a  much  higher  level,  being  carried 
up  by  the  elongation  of  the  part  containing  the  radicle. 

Endosperm  central,  of  moderate  quantity,  farinaceous  or  mealy, 
pure  white. 

Embryo  large,  curved,  peripheral,  and  nearly  entirely  surround- 
ing the  endosperm,  almost  colourless  ;  cotyledons  incumbent,  hnear, 
obtuse,  entire,  plano-convex,  lying  in  the  narrow  plane  of  the  seed 
with  their  backs  to  the  axis  of  the  fruit ;  radicle  terete,  obtuse, 
somewhat  longer  than  the  cotyledons,  and  nearer  to  the  axis  of  the 
fruit. 

(a)  Seedling  appearing  above  ground  from  a  seed  taken  out  of 
the  fruit  before  sowing. 

(b)  Fruit  that  had  been  soaked  in  water  before  sowing.  It  is 
many-celled  and  many- seeded,  and  the  radicles  of  two  germinating 
embryos  are  shown.  The  upper  end  of  the  fruit  is  shown  in  the 
sketch. 

.(c)  From  another  fruit  showing  upper  end,  two  sides,  and  the 
turbinate  base,  B.  The  embryo  is  further  advanced  in  this  case. 
(The  fruit  had  been  soaked.) 

(d)  Whether  seed  or  fruits  are  sown,  the  embryo  rises  clear  out 
of  either  if  properly  covered  with  soil.  At  this  stage  (four  days 
after  germination)  the  hypocotyl  is  glabrous,  colourless  or  reddish 
at  the  top,  and  the  cotyledons  are  linear,  obtuse,  entire,  glabrous 
and  shghtly  narrowed  to  the  base  where  they  are  stained  with 
red. 


UMBELLIFER^. 

Benth.  et  Hook.  Oen.  PI  i.  859. 

Fruit  and  Seed.— The  ovary  is  inferior  and  consists  of  two 
carpels  united  so  as  to  form  two  cells ;  it  is  rarely  one-celled  by 
abortion.  The  ovules  are  solitary  in  each  cell,  suspended 
from  the  top,  and  anatropous.  The  fruit  is  a  cremocarp, 
ultimately  splitting  into  equal  portions  called  mericarps,  each 
furnished  with  five  primary  ridges  and  sometimes  four 
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secondary  ones,  with  the  ridges  at  the  commissure  slender  or 
less  often  developed  into  wings,  sometimes  separating  from 
an  axial  carpophore,  and  each  one-seeded  and  indehiscent. 
The  walls  of  the  fruit  are  always  dry,  and  the  outer  or  exocarp 
is  membranous,  crustaceous,  or  thickened  and  corky.  The 
seed  conforms  to  the  cavity  of  the  cell,  to  the  inner  wall  of 
which  it  is  adnate,  and  is  flattened,  or  longitudinally  furrowed 
or  concave  along  the  ventral  face,  or  is  altogether  free.  The 
testa  is  thinly  membranous  ;  and  the  interior  is  occupied  with 
a  copious  cartilaginous  endosperm.  The  embryo  is  small, 
close  to  the  hilum,  often  minute,  and  ovoid,  or  larger  with 
ovate  or  hnear  cotyledons  which  may  be  equal  or  unequal. 
The  radicle  also  varies  somewhat  in  length,  but  is  usually 
short  and  always  superior. 

A  few  exceptional  cases  occur  m  the  Order,  as  for  mstance 
in  Actmotus  and  Petagnia  where  the  ovary  is  one-celled,  and 
one-ovuled  by  abortion,  and  in  Lagoecia  which  is  mono- 
carpellary.  In  various  species  three  carpels  occasionally 
appear,  while  m  others,  one  of  the  two  carpels  is  imperfect  or 
becomes  aborted.  The  exocarp  of  Apleura  is  fleshy,  while  the 
endocarp  is  lignified.  The  embryo  being  very  small  is  not  of 
much  use  in  classifying  the  species  of  this  large  Order.  The 
fruits  and  seeds  themselves  are  however  very  variable,  and 
although  they  never  attain  any  great  size  relatively,  'theh- 
characters  are  constant,  and  in  systematic  classification  the 
form  and  the  flattening,  whether  dorsal  or  lateral,  the  ridges 
both  prunary  and  secondary,  and  the  number  of  oil  cavities 
or  vittse  m  the  interstices  are  of  the  greatest  importance  for 
arrangmg  the  species  into  tribes  and  genera.  The  tribes 
agam  are  grouped  into  three  primary  series  according  to  the 
characters  of  the  inflorescence,  the  ridges  and  the  vittse 

The  fruits  appear  to  fall  into  five  groups  according  to  the 
form  of  the  mericarps,  and  the  seeds  they  contain.  In  all  of 
these  groups  the  cotyledons  have  their  backs  to  the  axis,  a  few 
only  their  edges,  but  these  maybe  considered  as  exceptions  to 
the  general  rule,  and  will  be  mentioned  by  themselves.  The 

ractenstics.  The  first  contams  those  fruits  where  the  meri- 
carps are  more  or  less  distinctly  pentagonal.    A  good  type  of 
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this  kind  is  furnished  by  Ptychotis  Ajowan  (fig.  411).  The 
fruit  as  a  whole  is  ovate  and  laterally  compressed ;  and  the 
embryo  is  shortly  linear,  and  less  than  half  the  length  of  the 
endosperm.  Bupleurum  ranunculoides  differs  chiefly  by  its 
oblong  fruits  and  minute  obovoid  embryo.  The  primary 
ridges  are  acute  and  much  more  strongly  marked  in  B.  fruti- 
cosum  than  in  its  congener.  The  fruit  of  Foeniculum  vulgare 
has  strong  blunt  ridges  and  the  commissure  is  by  far  the 
broadest  face  of  the  mericarp.  The  embryo  is  slender  and 
more  elongated  than  in  Bupleurum. 

The  second  group  is  characterised  by  the  triangular  outline 
of  the  mericarp  in  transverse  section.  This  is  represented 
by  Eryngium  giganteum.  The  fruit  as  a  whole  is  ovoid, 
subquadrangular,  with  four  double  rows  of  ascending  stiffish 
scales,  and  covered  with  others  that  are  adpressed  in  the 
intervening  spaces. 

The  third  group  is  well  characterised  by  fruits  much  com- 
pressed dorsally.  The  three  dorsal  ridges  of  the  mericarps 
are  slender  ;  but  those  at  the  edges  of  the  commissure  are 
considerably  drawn  out,  yet  united  with  one  another  so  as  to 
form  a  single  wing  encompassing  the  lateral  margins  of  the 
fruit.  They  ultimately  separate  from  one  another  when  the 
mature  cremocarp  splits  into  its  component  halves.  The 
embryo  is  minute.  The  mericarps  of  Peucedanum  Schottii 
are  oblong-oval  or  elliptical  and  plano-convex,  with  a  narrow 
wing.  Those  of  Ferula  communis  are  larger  and  even  more 
decidedly  flattened,  seeing  that  they  are  scarcely  convex  on 
the  back,  and  the  marginal  wmg  is  much  broader.  Here 
may  be  placed  Dorema,  Lefeburia,  Heracleum,  Polytaema, 
Opopanax  and  others.  A  sHght  modification  is  exhibited  by 
Levisticum,  Angelica,  Archangelica  and  others,  in  which  the 
lateral  ridges  are  not  united,  but  form  a  double  wing  encom- 
passing the  mericarps.  In  some  genera  all  the  five  ridges  of 
each  mericarp  are  drawn  out,  forming  wings  as  in  Pleuro- 
spermum  and  some  others.  The  fruit  of  Pleurospermum  is 
however  more  convex  or  but  little  compressed  dorsally. 

In  the  fourth  group  the  lateral  edges  of  the  mericarps  are 
more  or  less  contracted  or  incurved,  making  them  fluted,  or 
furrowed  along  the  ventral  or  commissural  face.    The  seeds 
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also  conform  closely  to  this  peculiar  outline,  as  is  best  seen  in 
transverse  section.  This  type  is  well  illustrated  by  Scandix 
Pecten- Veneris.  The  fruit  is  prolonged  at  the  apex  into  a 
long,  slender,  tapering  or  subtapering  beak ;  the  portion  con- 
taining the  seed  is  linear-oblong.  The  embryo  is  slender  and 
rather  elongated.  Myrrhis  odorata  differs  in  having  a  larger 
fruit  with  a  shorter  beak,  the  primary  ridges  prominent  and 
acute ;  and  the  embryo  seems  to  be  situated  near  one  edge  of 
the  seed.  The  dorsal  and  lateral  ridges  of  Cuminum  Cyminum 
are  the  most  prominent,  while  the  intermediate  ones  are  small, 
making  the  mericarps  triangular  in  transverse  outline.  The 
ventral  face  of  mericarp  and  seed  are  but  slightly  grooved ;  and 
the  embryo  is  axial.  On  the  other  hand,  the  mericarps  of 
Caucalis  nodosa  are  much  infolded  at  the  sides  and  deeply 
grooved  on  the  ventral  face.  The  fruits  are  chiefly  re- 
markable for  their  dimorphic  character.  Those  on  the  cir- 
cumference of  the  umbel  have  the  outer  or  most  exposed 
mericarp  furnished  with  a  double  row  of  spreading,  curved, 
and  hooked  bristles  on  each  of  the  secondary  ridges,  while  the 
corresponding  more  protected  centrijDetal  carpel  as  well  as 
all  the  rest  of  the  fruits  are  only  muricate  on  the  secondary 
ridges. 

The  fifth  group  includes  those  fruits  which  are  involute 
not  merely  at  the  sides  but  also  at  either  end,  forming  a  deep 
cavity  on  the  ventral  aspect  in  each  of  the  two  mericarps. 
This  is  strongly  suggestive  of  what  occurs  in  Galium  amongst 
the  Eubiaceas.  The  fruit  is  didymous,  and  each  mericarp  is 
somewhat  globular  in  Smyrnium  perfoHatum.  The  embryo  is 
axial  as  usual,  but  owing  to  its  shortness  and  to  the  curvature 
of  the  seed  it  is  horizontal  with  its  radicle  close  to  the  sub- 
lateral  micropyle.  It  is  straight  or  slightly  curved  and  of 
comparatively  large  size ;  and  during  germination  or  growth 
previous  to  germination  it  must  become  considerably  curved 
in  order  to  accommodate  itself  to  the  peculiar  shape  of  the 
seed.  A  very  exceptional  case  occurs  in  Trachymene  pilosa 
(fig.  406).  The  fruit  is  laterally  very  much  compressed,  with 
the  commissure  of  the  mericarps  correspondingly  narrow. 
The  most  striking  feature  of  the  seeds,  which  conform  to 
the  shape  of  the  mericarps,  is  that  the  embryo  has  the  ed^es 
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of  its  cotyledons  turned  towards  the  axis,  in  order  to  find 
accommodation  during  the  process  of  germination  in  the 
laterally  flattened  fruits.  The  embryo  in  the  transverse 
section  of  the  mericarp  appears  to  be  eccentric,  but  this 
phenomenon  is  due  to  the  mericarp  being  suddenly  narrowed 
on  the  dorsal  edge  near  the  apex.  The  fruit  of  Chaerophyllum 
aureum  is  narrowly  oblong,  and  dorsally  compressed,  with  the 
commissural  face  much  the  broadest.  Contrary  to  what  we 
should  expect,  the  cotyledons  have  their  edges  instead  of  their 
backs  to  the  axis,  notwithstanding  the  fact  that  they  lie  in 
the  narrowest  plane  of  the  seed.  Owing  to  the  seed  being 
deeply  grooved  along  the  ventral  face,  the  species  belongs 
naturally  to  the  fourth  group  of  which  it  is  an  anomalous 
member.  In  like  manner  Carum  Carvi  (fig.  410)  should  be- 
long to  the  first  group,  seeing  that  its  mericarps  are  almost 
regularly  pentagonal.  The  embryo  is  nearly  half  the  length 
of  the  endosperm,  but  it  is  very  erratic  in  its  behaviour 
inasmuch  as  the  cotyledons  sometimes  have  their  backs  to 
the  axis  (which  is  probably  the  most  typical  case),  sometimes 
their  edges,  or  again  are  placed  obliquely,  that  is,  diagonally 
to  it.  The  various  inclinations  seem  to  be  assumed  indiffer- 
ently, and  the  embryos  even  frequently  occupy  different  posi- 
tions in  the  two  halves  or  mericarps  of  each  fruit. 

Seedlings. — While  still  in  the  seed  the  width  of  the  coty- 
ledons is  limited  by  that  of  the  seed  itself. 

After  germination,  however,  they  may  become  more  or  less 
modified  by  further  growth ;  but  the  form  they  attain  in  the 
seed  becomes  deeply  impressed  upon  them,  and  the  chief 
alteration  is  in  length,  especially  in  that  of  the  petioles. 

Those  observed  may  be  arranged  in  five  groups  more  for 
convenience'  sake  than  from  absolute  distinction  between  the 
several  types,  for  there  is  every  intermediate  gradation.  In 
the  first  may  be  classified  all  those  in  which  the  lamina  of 
the  cotyledons  is  short  and  relatively  broad.  It  varies  from 
ovate,  spathulate,  and  oblong  to  oval,  and  is  generally  if  not 
always  distinctly  petiolate  with  the  petioles  free,  or  connate 
at  the  very  base  only.  The  cotyledons  of  Hydrocotyle  vulgaris 
(fig.  405)  are  ovate,  subsessile,  and  very  small.  They  exactly 
correspond  with  the  size  and  shape  of  the  mericarps.  The 
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leaves  are  peltate,  orbicular,  and  crenate  from  the  first,  or, 
the  first  one  is  sometimes  reniform  and  nearly  or  quite  entire. 
The  cotyledons  of  Trachymene  pilosa  are  oblong-spathulate, 
trinerved  and  minutely  emarginate.  Those  of  T.  pusilla  are 
slightly  broader ;  and  both  correspond  fairly  to  the  shape  of 
the  carpels.  In  their  herbage  they  bear  a  striking  resem- 
blance to  the  mossy-leaved  Saxifrages.  The  first  leaf  is  trifid, 
followed  by  some  that  are  tripartite  with  cuneate,  trifid  seg- 
ments, and  ultimately  by  others  that  are  tripartite  with  entire 
segments.  The  cotyledons  of  Eryngium  paniculatum  (fig.  407) 
are  also  spathulate,  but  very  small,  while  the  primary  leaves 
vary  from  suborbicular  through  spathulate  to  elliptic  with 
spiny-serrate  margins.  The  first  leaves  of  E.  pandanifolium 
are  similar  but  less  prominently  spiny-serrate.  The  first  two 
of  Bifora  Biebersteinii  are  broadly  triangular  and  trifid, 
followed  by  a  pinnatisect  leaf,  then  by  another  that  is  two  to 
three  times  cut  in  the  same  way. 

The  cotyledons  are  oblong,  and  trinerved  with  long 
petioles  ;  and  those  of  Coriandrum  sativum  are  closely  similar. 
There  is  also  a  marked  similarity  between  the  primary  leaves 
of  both  species,  as  well  as  the  ultimate  ones.  The  cotyledons 
of  Eryngium  giganteum  are  broadly  oval  and  trinerved. 

The  first  two  leaves  are  reniform,  followed  by  others  which 
are  cordate  in  outline,  but  somewhat  variable  in  detail. 
The  petioles  of  the  cotyledons  are  elongated  and  slender. 
Heracleum  SprengeHanum  connects  this  group  with  the 
next,  for  the  difference  is  only  one  of  degree.  The  elliptic 
lamina  of  the  cotyledons  is  three-  to  five-nerved.  The  first 
leaf  is  cordate,  five-nerved,  and  shallowly  five-lobed.  The 
first  leaf  of  Heracleum  villosum  (fig.  416)  is  roundly  cordate 
and  crenate,  while  the  laminse  of  the  cotyledons  are  linear- 
oblong  and  sometimes  very  unequal.  Those  of  Peucedanum 
sativum  (fig.  415)  are  similar,  but  occasionally  there  are  three 
cotyledons,  sometimes  two  and  bipartite. 

The  third  group  includes  a  number  of  species  where  the 
lamina  of  the  cotyledons  is  short,  broad  and  trinerved,  but 
the  petioles  are  elongated  and  connate  into  one  cylindrical 
piece,  or  are  much  less  decidedly  connate,  sheathing  the 
younger  leaves.     This  peculiar  behaviour  is  due  to  the 
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hypocotyl  being  very  short  or  undeveloped  and  subterranean. 
The  long  petioles  carry  the  lamina  up  to  the  light,  and  their 
union  gives  strength  or  rigidity  while  the  material  necessary 
for  the  production  of  two  strong  petioles  is  economised.  This 
type  is  well  represented  by  Smyrnium  perfoliatum  (fig.  408). 
The  combined  petioles  strongly  resemble  a  slender,  terete 
hypocotyl,  and  while  we  are  expecting  to  see  the  plumule 
emerge  from  between  the  free  portions,  a  leaf  makes  its 
appearance  from  the  soil.  Examination  shows  that  it  pro- 
ceeds from  a  cleft  at  the  very  base  of  the  united  petioles  and 
directly  abutting  upon  the  hypocotyl  which  soon  becomes 
fleshy  and  tuberous  in  its  nature.  The  first  leaf  has  a  tri- 
partite lamina.  During  the  germination  of  the  embryo 
the  broad  cotyledons  are  able  to  make  their  exit  from  the 
globular  concave  seed  by  the  splitting  of  the  crustaceous 
exocarp.  Both  this  species  and  S.  rotundifoHum  have 
emarginate  cotyledons,  and  they,  together  with  S.  Olusatrum, 
closely  agree  in  all  main  particulars.  Ferula  foetida  and  F. 
communis  may  be  placed  here  because  their  petioles  are 
connate  at  the  base.  The  petioles  with  the  linear-lanceolate 
lamina  of  the  former  measure  about  14  cm.  long ;  but  the 
petioles  are  connate  for  a  distance  of  8-10  mm.  only.  The 
first  two  leaves  have  a  tripartite  lamina.  The  cotyledons  of 
F.  communis  are  very  much  shorter,  trinerved,  linear ;  and 
the  petioles  are  connate  for  7-8-5  mm.  at  the  base.  The  first 
leaf  is  hi-  to  tri-pinnatisect.  The  long  narrow  cotyledons  do  not 
correspond  with  the  large  oval  or  elhptic  dorsally  compressed 
seeds. 

In  the  fourth  group  may  be  included  all  those  species 
having  linear  petiolate  cotyledons  of  moderate  length,  as 
represented  by  Bupleurum  fruticosum.  The  first  four  leaves 
are  obovate,  the  ultimate  ones  oblong- obovate.  B.  longifolium 
and  B.  falcatum  agree  in  all  respects  except  in  having  narrower 
leaves.  The  species  belonging  to  this  genus  are  remarkable 
amongst  the  Umbelliferse  for  then*  entire  leaves.  Other  species 
agreeing  with  the  above  in  respect  of  the  cotyledons  are 
Ammi  glaucifoHum  (fig.  409),  ChaBrophyllum  aureum,  Carum 
Carvi,  Ptychotis  Ajowan,  and  Daucus  Carota.  Ammi 
glaucifoHum  shows  well-marked  evolution  of  the  leaves,  the 
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first  one  being  suborbicular  and  dentate  ;  the  second  and  third 
oblong,  subcordate,  and  finely  serrate ;  while  the  fourth  is 
tripartite  with  leaflet-like  segments.  The  first  leaf  of  Carum 
Carvi  is  ternately  cut  nearly  to  the  base  ;  that  of  Ptychotis 
Ajowan  (fig.  412)  is  tripartite  with  cuneate  segments  ;  and 
Caucus  Carota  is  closely  similar. 

The  fifth  group  includes  a  number  of  species  with  linear 
or  narrowly  Imear  greatly  elongated  cotyledons.  Those 
of  Foeniculum  vulgare  (fig.  413)  are  3-3-5  cm.  long.  ^  The 
primary  leaves  generally  show  a  high  state  of  division. 
In  this  case  the  first  is  bipinnatisect  at  the  base  with 
linear  segments;  and  the  second  is  three  or  four  times 
pinnatisecfc.  Cuminum  Cyminum,  Myrrhis  odorata,  Scandix 
Pecten- Veneris  and  Aciphylla  squarrosa  (fig.  414)  also  agree 
in  having  narrow  cotyledons.  Those  of  Myrrhis  odorata  vary 
from  9-11-2  cm.  in  length,  and  are  distinctly  widened  above 
the  middle,  beneath  which  they  taper  into  the  greatly  elon- 
gated petiole.  The  first  leaf  is  bi-  to  tri-pinnatifid.  That  of 
Scandix  Pecten- Veneris  is  tripinnatifid,  with  short,  lanceo- 
late segments;  and  the  second  is  even  more  divided.  The 
cotyledons  are  exceedingly  narrow  and  6-4-6*8  cm.  long. 
Those  of  Aciphylla  squarrosa  are  3-6-4-3  cm.  long,  narrowly 
linear,  scarcely  tapered  to  the  sheathing  base,  coriaceous  and 
persistent,  a  very  unusual  circumstance  in  the  Order.  A 
considerable  number  of  the  primary  leaves  of  this  remarkable 
plant  resemble  the  cotyledons,  but  are  several  times  longer 
and  tipped  with  a  spine.  The  first  three  are  linear  and  entire ; 
the  fourth  with  one  lateral  segment ;  the  fifth  with  two  lateral 
segments,  followed  by  a  number  which  are  again  entire. 
Divided  leaves  may,  however,  vary  in  their  sequence  in 
different  seedlings.  The  ultimate  leaves  are  bipinnatisect 
with  linear,  entire,  spiny-tipped  divaricate  segments,  arranged 
at  least  in  two  different  planes. 

Hydrocotyle  vulgaris,  L.  (fig.  405). 

Primary  root  slender,  flexuose,  with  a  few  lateral  rootlets. 
Hypocotyl  pale  greenish,  tapering  downwards,  about  3  mm.  long. 
Cotyledons  small,  subsessile,  ovate,  obtuse  or  subacute,  glabrous, 
2-75  mm.  long,  2  mm.  wide,  petiole  about  -5-1  mm.  long. 

Stem  herbaceous,  procumbent,  creeping  and  rooting,  terete, 
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glabroua,  pale  green ;  Isfc,  2nd,  and  3rd  internodes  undeveloped ; 
4tli  5-5  mm. ;  6th  9-5  mm.  long. 

Leaves  simple,  radical,  alternate,  exstipulate,  petiolate,  glabrous, 
peltate,  orbicular,  crenate. 

No.  1.  Orbicular,  entire,  or  obscurely  crenate,  or  frequently 


Pig.  405. — Hydrocotyle  vulgaris.    Nat.  size. 


dentate,  sometimes  reniform,  or  if  orbicular  with  a  more  or  less 
open  sinus  and  not  peltate,  obscurely  five-nerved. 

No.  2.  Peltate,  seven-nerved  and  shallowly  crenate. 

No.  3.  Similar  but  larger. 

Ultimate  leaves  orbicular,  peltate,  seven-  to  nine-nerved,  and 
lobulate-crenate  or  doubly  crenate,  glabrous  and  bright  shining 
green  above,  paler  beneath,  and  very  thinly  hairy  or  glabrous  ; 

veins  shghtly  branching 
and  reticulate  towards  the 
apex ;  petioles  variable  in 
length  according  to  posi- 
tion and  moisture,  terete, 
hairy  near  the  top,  other- 
wise glabrous.  The  plant 
grows  in  marshy  places. 


Pc  OT  IT  c 


Fig.  40G. — Trachymene  pilosa,  x  10. 
A,  longitudinal  section  of  mericarp.    B,  trans- 
verse section  :  E,  embryo  ;  Pc,  pericarp  ;  OT, 
testa;  IT,  tegmen;  En,  endosperm;  C,  coty- 
ledons. 


Trachymene  pilosa, 
Sm.  (fig.  406). 

Fruit  a  cremocarp  of 
two  mericarps ;  commis- 
sure very  narrow ;  meri- 
carps laterally  compressed. 
Seed  laterally  much  compressed,  flat,  conforming  to  the  fruit. 
Embryo  minute,  straight ;  cotyledons  rounded,  short  and  com- 
paratively broad,  lying  in  the  broad  plane  of  the  seed  with  their 
edges  to  the  placenta,  plano-convex  ;  radicle  very  short,  blunt. 
This  position  of  the  embryo  is  very  exceptional  in  the  Order. 
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Seedling. 

Primary  root  long,  tapering  downwards,  more  or  less  flexuose , 
with  a  few  lateral  rootlets,  colourless,  annual. 

Eypocotyl  erect,  terete,  thinly  hairy,  and  densely  covered  with 
small,  elevated,  gland-like  points,  deep  red,  tapering  insensibly  into 
the  root,  2-4-2-8  cm.  long. 

Cotyledons  oblong-spathulate,  petiolate,  obtuse,  minutely  emar- 
ginate,  with  a  distinct  midrib,  alternately  trinerved  from  the 
middle  upwards,  but  the  nerves  only  visible  on  the  under  side, 
densely  pubescent,  and  more  or  less  glandular  on  both  surfaces, 
dull  green  above,  paler  beneath  or  stained  with  red  ;  lamina  9-5-11 
mm.  long,  5-5-7  mm.  wide,  tapered  into  the  petiole  ;  petiole  grooved 
above,  convex  on  the  back,  connate  at  the  base,  pubescent  and 
more  or  less  glandular,  6-5-7-5  mm.  long. 

Stem  herbaceous,  annual,  erect,  terete,  branching  and  flexuose, 
or  zigzag,  densely  glandular-hairy;  1st  and  2nd  internodes  un- 
developed ;  3rd  -5  mm.  long ;  4th  3-4  mm.  ;  5th  1-8-2-2  cm. 

Leaves  simple,  tri-fid,  -lobed  or  -sect,  cauline,  or  the  first  two 
radical,  alternate,  exstipulate,  petiolate,  palmately  trinerved  from 
the  base,  glandular-hairy  on  both  surfaces,  deep  green  above 
and  shining,  much  paler  beneath ;  petiole  semiterete,  channelled 
above,  glandular-hairy,  tapering  upwards  from  a  broadish,  semi- 
amplexicaul  base. 

No.  1.  Cmieate,  trifid  ;  segments  short,  oblong,  minutely  cuspid- 
ate, obtuse. 

No.  2.  Broadly  cuneate,  trifid  ;  middle  segment  oblong,  obtuse 
minutely  cuspidate  ;  lateral  segments  oblong,  bidentate  at  the  apex  ; 
apices  minutely  cuspidate. 

No.  3.  Palmately  tripartite ;  middle  segment  spathulate-cuneate, 
tridentate  at  apex ;  lateral  segments  obliquely  cuneate  and  un- 
equally trifid. 

No.  4.  Palmately  tripartite ;  middle  segment  spathulate-cuneate, 
trifid  and  slightly  dentate ;  lateral  segments  cuneate,  unequally 
trifid,  and  sHghtly  dentate. 

Nos.  5  and  6.  Deeply  tripartite,  with  narrower  segments  than 
the  fourth. 

The  specimens  after  this  were  showing  flower,  while  the  leaves 
gradually  became  reducdd,  palmately  tripartite,  with  Hnear,  trifid, 
or  tridentate  or  entire  segments. 

Like  its  congener,  T.  pusilla,  it  resembles  a  species  of  Saxifrage. 

Eryngium  paniculatum,  Gav.  (fig.  407). 
Hypocotyl  subterranean. 
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Cotyledons  spathulate,  obtuse  or  emarginate,  pale  or  grass-green 
7  mm.  long,  8-5  mm.  wide,  glabrous. 

Stem  herbaceous  and  elongated  when  about  to  flower. 

Leaves  simple,  radical  and  cauhne,  alternate,  exstipulate,  sessile, 
dilated  and  sheathing  at  the  base,  glabrous,  grass-green  and  lucid. 


Fig.  407. — Eryngium  paniculatum,    Nat.  size. 


No.  1.  Small,  spathulate-rotund,  acutely  dentate. 
No.  2.  Small,  oblong-elliptic,  acutely  spiny-serrate. 
No.  3.  Spathulate,  acutely  spiny-serrate. 

No.  4.  Spathulate-obovate,  acutely  spiny-serrate,  and  sparsely 
setose  between  the  serratures. 

No.  5.  Oblong-eUiptical,  acute,  otherwise  hke  No  4. 

EryDgium  giganteum,  M.  Bieh. 

Hypocotyl  very  stout,  fleshy,  colourless,  tapering  downwards. 

Cotyledons  foliaceous,  petiolate,  glabrous  ;  lamina  oval,  minutely 
emarginate,  trinerved  ^nd  reticulate,  grass-green,  shining,  6  cm. 
long,  1  cm.  wide ;  petiole  slightly  grooved  above,  1'6  cm.  long. 

Stem  herbaceous  and  developed  when  about  to  flower. 

Leaves  simple,  radical  and  cauline,  alternate,  exstipulate,  petio- 
late, glabrous,  bright  green,  shining,  five-nerved  and  reticulate  ; 
petioles  subterete,  channelled  above,  dilated  and  clasping  at  the  base. 

No.  1.  Suborbicular,  cordate  at  the  base,  crenate. 

No.  2.  Broadly  cordate,  very  obtuse,  crenate, 

Nos.  3  and  4.  Cordate,  subelongate,  very  obtuse,  unequally 
crenate. 

Ultimate  leaves,  both  the  radical  and  lower  cauline  ones,  cordate, 
obtuse  or  subacute,  irregularly  crenate-dentate,  with  long  petioles. 
Middle  cauline,  cordate-elongate,  upper  ones  cordate,  and  both 
sessile,  amplexicaul,  deeply  and  acutely  spiny-serrate. 
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Smyrnium  perfoliatum  Mill.  (fig.  408). 

Privianj  root  very  stout,  forming  a  long  tapering  tap  root, 
biennial. 

Hypocotyl  undeveloped. 

Cotyledons  oblong-elliptic,  emarginate,  obtuse,  generally  un- 
equal-sided or  subfalcate,  with  long  petioles,  trinerved  from  the 
base  and  finely  reticulate,  with  the  lateral 
nerves  becoming  incurved  and  uniting  with 
the  midrib  close  to  the  apex,  glabrous, 
light  green  above,  paler  beneath,  shining , 
on  both  surfaces;  lamina  1-8-2-4  cm.  long, 
8-5-11  mm.  wide  ;  petioles  6-10  cm.  long, 
connate  into  one  terete  piece  for  5'5-7'5  cm. 
of  their  length,  split  a  little  way  at  the 
base  to  allow  the  plumule  to  emerge,  free 
in  the  upper  part,  semiterete  and  slightly 
channelled  above,  glabrous,  dull  brownish- 
green. 

Stem  developed  when  about  to  flower ; 
primary  internodes  undeveloped. 

Leaves  simple,  trisect,  ultimately  ter- 
nately  pinnatisect,  radical  and  cauhne,  alter- 
nate, exstipulate,  petiolate  with  the  principal 
nerves  opposite  or  subopposite,  the  others 
alternate,  all  ascending,  glabrous,  shining  on     Smymtum  perfoliatum. 

Ill  1.  t,  •  1  J.  1  1  Half  nat.  size. 

both  surfaces,  bright  green  above,  paler 

beneath ;  petioles  semiterete,  channelled  above,  glabrous,  shining, 
dilated  and  sheathing  at  the  base. 

No.  1.  Pinnately  trisect;  lateral  segments  broadly  cuneate, 
unequal  at  the  base  on  the  posterior  side,  obtusely  dentate -serrate 
on  the  upper  half ;  terminal  segment  equal  at  the  base,  otherwise 
like  the  lateral  ones. 

Bupleurum  fruticosum,  L. 

Primary  root  long,  tapering,  flexuose,  colourless,  with  a  few 
lateral  rootlets. 

Hypocotyl  erect,  terete,  glabrous,  purpUsh-brown  or  green 
1*2  cm.  long. 

Cotyledons  linear,  obtuse  or  subacute,  petiolate,  glabrous,  deep 
green  with  ascending  petioles  and  a  spreading  or  horizontal  lamina, 
2-4  cm.  long  including  the  petiole,  3  mm.  wide  about  the  middle  of 
the  lamina,  slightly  tapering  to  each  end. 
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Stem  slirubby,  erect,  terete,  glabrous,  green  stained  with  purple 
where  exposed,  covered  with  a  glaucous  bloom  ;  1st  intemode  5  mm. 
long ;  2nd  and  3rd  each  5*5  mm. 

Leaves  simple,  entire  or  merely  emarginate  on  the  adult  plant, 
cauline,  alternate,  exstipulate,  petiolate,  glabrous,  finely  alternately 
penninerved,  and  finely  reticulate,  deep  green  above,  paler  and 
glaucous  beneath,  cartilaginous  at  the  margin,  apiculate ;  petioles 
channelled  above,  rounded  on  the  back,  glabrous,  semiamplexicaul, 
rather  long  in  the  seedling,  and  almost  or  quite  reduced  to  the 
sheath  in  the  adult  plant. 

Nos  1  to  4.  Obovate,  obtuse,  entire,  apiculate. 

Ultimate  leaves  oblong-obovate,  emarginate,  apiculate,  with  a 
midrib  and  two  slender  submarginal  nerves,  also  two  slender  nerves 
at  the  base  on  each  side  of  the  midrib  extending  for  half  to  three- 
quarters  of  an  inch  up  and  uniting  each  pair  into  one,  which  again 
runs  along  each  side  of  the  midrib  till  a  httle  above  the  middle  of 
the  leaf,  where  it  unites  with  the  midrib,  forming  one  nerve. 

Bupleurum  longifolium,  L. 

Primary  root  and  hypocotyl  as  in  last  species. 

Cotyledons  linear,  subacute,  widest  about  the  middle,  deep 
green,  glabrous,  about  1-3  cm.  long  including  the  petiole. 

Stem  herbaceous,  annual,  developed  when  about  to  flower. 

Leaves  simple,  entire,  radical  and  cauline,  alternate,  exstipulate, 
petiolate,  glabrous,  scabrous  on  the  margin  and  midrib  beneath ; 
petioles  dilated  and  sheathing  at  the  base,  ridged  and  furrowed,  chan- 
nelled above,  scabrous  on  the  ridges. 

No.  1.  Small,  obovate-spathulate,  apiculate. 

Nos.  2.  and  3.  Obovate,  apiculate. 

Ammi  glaucifolium,  L.  (fig.  409). 

Primary  root  stout,  tapering  downward,  and  soon  furnished  with 
slender,  short  lateral  rootlets. 

Hypocotyl  stout,  tapering  insensibly  into  the  root,  glabrous,  flesh- 
coloured. 

Cotyledons  linear,  obtuse,  entire,  petiolate,  glabrous,  tapering 
gradually  into  the  petiole,  dilated  and  connate  at  the  base,  forming  a 
cup  around  the  plumule,  at  length  sphtting  on  one  side,  alternately 
penninerved,  with  some  of  the  nerves  suddenly  curved  upwards  and 
running  parallel  with  the  margin,  while  others  proceed  to  the  mar- 
gin almost  horizontally,  2-6-2-8  cm.  long  including  the  petiole,  2-3 
mm.  wide  about  the  middle  of  the  lamina  which  tapers  to  each  end. 
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Stem  herbaceous,  erect,  terete,  glabrous,  pale  green  ;  1st  inter- 
node  undeveloped,  2nd  4  mm.  long ;  3rd  2*5  mm. 

Leaves  compound,  radical  and  cauline,  alternate,  exstipulate, 
petiolate,  glabrous,  alternately  penninerved  with  flexuose,  much 
branched  anastomosing  nerves,  shining  on  both  surfaces,  bright 
grass-green  above,  lighter  green  beneath  ;  petioles  semiterete,  deeply 
channelled  above,  tapering  slightly  upwards,  dilated  at  the  base  and 
forming  a  long  clasping  sheath  with  broad  hyaline  edges,  articulated 
with  the  lamina. 

No.  1.  Eotund, 
subtrifid  and  irregu- 
larly dentate-serrate, 
three-  or  five-nerved 
towards  the  base. 

No.  2.  Oval,  obtuse, 
subcordate  at  the  base, 
rather  finely  and 
acutely  serrate. 

No.  8.  Oblong,  sub- 
acute or  acute,  finely 
and  acutely  serrate. 

No.  4.  Similar,  or 
in  strong  plants  pin- 
nately  trifoholate  ; 
lateral    leaflets  Ian- 

ceolate,  acute,  sharply  m.-Am,ni  gla^otfoUu^n.    Half  nat.  size. 

serrate,  unequal  at  the 

base,  sessile  but  articulated  with  the  petiole ;  terminal  one  much 
larger,  lanceolate-ovate,  acute,  finely  and  acutely  serrate. 

Carum  Carvi,  L.  (fig.  410). 

Cremocarp  ovate  or  oblong,  obtuse,  tipped  by  the  small  per- 
sistent calyx-teeth,  and  the  stylopodium,  glabrous,  laterally  com- 
pressed, attached  to  a  shortly  bifid  carpophore  and  falling  away  m 
two  pieces  (mericarps)  when  mature ;  mericarp  oblong,  slightly  curved 
longitudhially,  five-angled  and  five-sided  with  the  commissural  face 
slightly  the  broadest,  the  primary  ridges  fihform  and  rather  pro- 
mment  and  a  comparatively  large  vitta  between  each  ridge  with  two 
on  the  flattened  commissural  face,  one  on  each  side  of  a  slender 
median  ridge,  one-celled,  one-seeded,  indehiscent. 

Seed  five-angled,  flat  on  the  commissural  or  ventral  face  or 
showmg  a  scarcely  prominent  median  ridge,  shallowly  sulcate 
between  the  other  ridges,  filhng  and  closely  conforming  to  the 
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interior  of  the  mericarp  ;  hilum  and  micropyle  contiguous,  basal 
and  superior. 

Endosperm  in  the  mature  seed  copious,  fleshy,  white,  or 
nearly  so. 

Embryo  large  for  the  size  of  the  fruit  and  the  Order,  straight, 
colourless  ;  cotyledons  oblong,  obtuse,  entire,  plano-convex,  sUghtly 
longer  than  the  radicle,  lying  with  their  backs  or  their  edges  to  the 
axis  of  the  fruit,  or  diagonally  ;  these  positions  seem  to  be  taken 
indifferently,  and  two  of  them  frequently  in  the  same  cremocarp  ; 
radicle  oblong-terete,  suddenly  tapering  to  an  obtuse  point,  close  to 
the  micropyle,  but  with  a  layer  of  endosperm  surrounding  it. 


Fig.  410.— Carwrn  Carvi,  x  10.  A,  longitudinal  section  of  fruit :  St,  stylo- 
podium;  i;,  embryo;  Pc,  pericarp  ;  T,  testa  ;  P,  endosperm.  B,  trans- 
verse section  of  fruit :  F,  vitta  or  oil  canal ;  Cs,  cotyledons  transversely 
to  the  axis  of  fruit.  C,  transverse  section  of  fruit :  Cs,  cotyledons  at  right 
angles  to  the  axis  of  fruit.  D,  transverse  section  of  fruit :  Cs,  cotyledons, 
obUquely  to  the  axis  of  fruit. 

Ptychotis  Ajowan,  BG.  (fig.  411). 

Cremocarp  ovate,  laterally  compressed,  covered  especiaUy  on  the 
ridges  with  hardened  protuberances  or  dried  papillae,  tipped  by  the 
angled  or  knotty  stylopodium  and  separating  when  mature  into  two 
mericarps.    Carpophore  bifid. 

Mericarp  ovoid  with  the  commissural  face  the  broadest,  some- 
what curved  longitudinally ;  five-ridged,  with  the  ridges  slender, 
three  dorsal  and  two  on  the  edges  of  the  ventral  commissure,  with 
a  solitary  vitta  between  each  ridge,  one-celled,  one-seeded,  in- 
dehiscent.  .  ,         ,   ,  . 

Seed  oblong,  subterete,  sHghtly  flattened  on  the  ventral  aspect, 
with  a  shallow,  median,  longitudinal  ridge,  closely  conformmg 
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to  the  interior  of  the  mericarp,  and  adhering  to  it;  testa  thin, 
membranous,  brown,  inseparable  from  the  pericarp ;  hilum  and 
micropyle  contiguous,  basal,  at  the  upper  end  of  the  seed. 

Endosperm  in  the  mature  seed  copious,  fleshy,  firm,  white. 

Embryo  minute,  straight,  colourless,  embedded  in  the  endosperm 
close  to  the  basal  end  of  the  seed;  cotyledons  oblong,  obtuse, 
entire,  plano-convex,  lying  in  the  centre  of  the  endosperm,  with 
their  backs  to  the  central  axis  of  the  fruit,  and  their  edges  to  its 
compressed  sides  ;  radicle  oblong-terete,  obtuse,  about  as  thick  and 
as  long  as  the  cotyledons. 


A 


Fig.  411. — Ptychotis  Ajoivan,  x  24.  A,  longitudinal  section  of  fruit :  Pc,  peri- 
carp ;  T,  testa;  P,  endosperm  ;  E,  embryo;  SH,  stylopodium.  B,  trans- 
verse section  of  fruit :  P,  endosperm ;  Cs,  cotyledons. 


Seedling  (fig.  412). 

Primary  root  small,  colourless  unbranched  (at  first). 

Hypocotyl  herbaceous,  3-4  cm.  long,  less  than  1  mm.  thick, 
glabrous,  pale  green. 

Cotyledons  2*25  cm.  long  including  the  petiole  ;  2-2-5  mm. 
wide,  lanceolate,  tapering  at  the  base,  subacute  at  the  apex,  entire, 
with  obscure  midrib,  glabrous,  thin,  light  green ;  petiole  long  and 
slender. 

Stem  very  short,  glabrous,  light  green  ;  1st  internode  8-4  mm. 
long,  -76  mm.  thick. 

Leaves  simple,  radical  and  cauline,  alternate,  exstipulate,  petio- 
late,  ultimately  ternately  or  pinnately  multisect,  with  acute  seg- 
ments, glabrous,  light  green  ;  petioles  semiterete,  channelled  above, 
glabrous.  ' 
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No.  1.  With  a  glabrous  petiole  8-5  cm.  long,  -75  mm.  thick,  and 
a  ternatisect  lamina  1  cm.  long  and  as  wide,  obscurely  nerved, 

glabrous. 

No.  2.  Ternatisect.  Both  are 
frequently  much  simpler  than  in 
the  accompanying  sketch. 

No.  3.  Pinnately  multisect ; 
pinnte  cuneately  palmate,  bi- 
tri-sect  with  subulate  or  linear- 
subulate,  acute  or  minutely  apicu- 
late  segments. 

Scandix  Pecten-Veneris,  L. 

Primary  root  long,  tapering 
downwards,  with  slender,  second- 
ary rootlets. 

Hypocotyl  tapering  insensibly 
into  the  root. 

Cotyledons  linear,  obtuse,  en- 
tire, tipped  with  a  mucro,  tapering 
gradually  into  the  petiole,  gla- 
brous, shallowly  grooved  above, 
showing  a  distinct  midrib  on  the 
under  side,  but  no  other  discern- 
ible venation  when  fresh,  but  after 
a  time  slender  alternate  nerves ; 
6-4-6-8  cm.  long,  including  the 
petiole,  1-5-2  mm.  wide  about  the 
F,o.n2.-PtychoiisAjowan.  Nat. size,  middle  of  the  lamma which  tapers 

to  both  ends,  but  more  especially 
the  lower  ;  petiole  shallowly  grooved  above,  dilated  and  connate  at 
the  base,  forming  a  short  sheath  or  cup  around  the  plumule,  and 
spht  a  little  more  deeply  on  one  side. 

Stem  herbaceous,  erect,  annual,  produced  only  when  about  to 
flower  ;  primary  iiiternodes  undeveloped. 

Leaves  pinnately  multisect,  radical  and  cauline,  alternate,  ex- 
stipulate,  petiolate,  minutely  pubescent  or  scaberulous  at  the  edges 
of  the  segments,  otherwise  glabrous,  deep  green  above,  paler  beneath, 
with  a  multifid  branching  venation  corresponding  to  the  segments 
into  each  of  which  a  nerve  runs  ;  primary  nerVes  opposite,  second- 
ary and  higher  ones  alternate ;  petioles  semiterete,  channelled 
above,  tapering  somewhat  upwards,  dilated  and  sheathing  at  the 
base,  minutely  pubescent  at  the  margins  of  the  groove. 
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No.  1.  Ovate-triangular  in  outline,  tripinnatisect  with  small 
subulate  or  lanceolate,  cuspidate  segments. 

No.  2.  Triangular  in  outline,  three  to  four  times  pinnatisect, 
with  very  small  subulate  or  lanceolate,  acute,  segments. 

Foeaiculuin  vulgare,  Gaertn.  (fig.  413). 

Primary  root  long,  tapering  downwards  and  giving  off  lateral 
fibres,  colourless. 

Hypocotyl  undeveloped,  or  subterranean  and  indistinguishable 
from  the  root. 

Cotyledons  linear,  obtuse,  entire,  petiolate,  deep  green,  glabrous, 
with  inconspicuous  or  indiscernible  vena- 
tion ;  lamina  hardly  broader  than  the  petiole, 
and  tapering  insensibly  into  it,  and  together 
with  the  petiole  3-8'5  cm.  long ;  petioles 
flattened  or  shallowly  grooved  above,  dilated, 
and  connate  at  the  base  forming  a  sheath 
or  cup  around  the  plumule,  covered  with 
earth  at  the  base. 

Stem  herbaceous,  forming  a  perennial 
rootstock,  and  throwing  up  annual  flowering 
stems  ;  primary  internodes  undeveloped. 

Leaves  simple,  pinnately  multisect, 
radical  and  cauline,  alternate,  exstipulate, 
petiolate,  glabrous,  deep  glaucous-green, 
with  primary,  secondary,  tertiary,  and 
quaternary,  alternate,  ascending  nerves ; 
petioles  much  dilated  and  sheathing  at  the 
base,  glabrous,  deep  glaucous-green  ;  first 
one  channelled  above;  second  terete  and 
shghtly  channelled  towards  the  apex,  sub- 
striate. 

No.  1.  Triangular,  acute,  bipinnatisect 
with  linear  acute  segments,  generally  widest 
about  the  middle. 

No.  2.  Three  to  four  times  pinnatisect,  with  slender,  Hnear, 
acute  segments. 


Fig.  413. 

Fosniculum  vulgare 
Half  nat.  size. 


Aciphylla  squarrosa,  Forst.  (fig.  414). 

Hypocotyl  subterranean. 

Cotyledons  linear,  acute,  coriaceous,  flattened  above,  convex  on 
the  back,  glabrous,  lucid,  dilated  and  sheathing  at  the  base,  pale 
green,  3-6-4-8  cm.  long,  1  mm.  wide. 

n  2 
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Stem  not  elongating  till  about  to  flower. 

Leaves  simple,  entire  in  the  first  few  of  the  seedling,  ultimately 
bipinnatisect,  glabrous,  radical,  alternate,  exstipulate,  sessile, 
scabrous  at  the  margins  and  densely  dotted  with  sunken  glands, 
green  or  glaucous,  rigid  with  divaricate  spiny-tipped  segments. 

Nos.  1-3.  Linear,  spiny- tipped,  entire. 

No.  4.  With  one  lateral  segment. 

No.  5.  With  two  lateral  segments  ;  all  linear, 

Nos.  6-9.  Linear,  entire  ;  but  individual  seedlings  vary  to  some 
extent. 


Fig.  iU.—Acip7iijlla  squarrosa.    Half  nat.  size.  C  C,  cotyledons;  S, 


Ferula  communis,  L. 

Primary  root  long,  tapering  downwards,  stout  and  furnished 

with  lateral  rootlets. 

Hypocotyl  short,  subterranean  or  undeveloped,  or  indistmguish- 

able  from  the  root. 

Cotyledons  linear,  obtuse,  with  long  petioles,  tapering  sHghtly 
to  an  obtuse  point  and  gradually  into  the  petiole,  appearing  tri- 
nerved  from  the  union  of  two  to  three  alternate  nerves  on  each  side 
of  and  parallel  with  the  midrib,  glabrous  and  shining  on  both  sur- 
faces, deep  green  above,  paler  beneath  ;  lamina  2-7-4-5  cm.  long, 
4-5-5-5  mm.  wide  ;  petiole  3-4-4-4  cm',  long,  plano-convex,  dilated 
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at  the  base,  connate  and  sheathing  the  plumule  for  7-8' 5  mm.  at 
the  base,  and  often  splitting  there  on  one  side. 

Stevi  herbaceous,  forming  a  perennial  rootstock,  and  sending  up 
annual  flowering  stems  ;  primary  internodes  undeveloped. 

Leaves  pinnately  multisect,  chiefly  radical,  the  cauline  smaller, 
alternate,  exstipulate,  petiolate,  with  a  venation  corresponding  to 
the  divisions  of  the  leaf,  each  segment  of  which  has  a  primary  nerve, 
glabrous,  shining  on  both  surfaces,  deep  green  above,  paler  beneath  ; 
petiole  subterete,  or  laterally  compressed,  shallowly  channelled 
above,  thicker  dorso-ventrally  than  in  the  other  direction,  glabrous, 
covered  with  a  glaucous  bloom,  striated  longitudinally,  dilated  and 
sheathing  at  the  base. 

No.  1.  Pmnately  tri-  or  slightly  quadri-sect  with  the  ultimate 
divisions  subulate  or  linear,  acute,  with  colourless  tips. 

Ferula  foetida,  Bimge. 

Primary  root  as  in  last  species. 
Hypocotyl  undeveloped. 

Cotyledons  linear-lanceolate,  obtuse,  entire,  gradually  tapering 
into  the  long  petiole,  glabrous,  shining  on  both  surfaces,  deep  green 
above,  paler  beneath,  with  a  distinct  midrib  but  no  other  discern- 
ible venation  in  the  fresh  state,  about  14  cm.  long  including  the 
petiole,  and  6  mm.  wide  about  the  middle  of  the  lamina ;  petioles 
semiterete,  flattened  above,  with  obtuse  edges  connate  for  8-10  mm. 
at  the  base,  forming  a  sheath  around  the  plumule  and  afterwards 
sphtting  on  one  side,  glabrous,  green,  stained  with  red. 

Stem  herbaceous,  perennial,  developing  in  length  only  when  about 
to  flower  ;  primary  internodes  undeveloped. 

Leaves  simple,  radical  and  cauhne,  alternate,  exstipulate,  petio- 
late, alternately  and  ascendingly  penninerved,  reticulate,  glabrous 
except  the  petioles,  deep  green  above,  paler  beneath,  shining  on  both 
surfaces ;  petiole  subterete,  slightly  flattened  on  the  upper  side,  or 
subchannelled  towards  the  apex,  dilated  and  sheathing  at  the  base, 
minutely  and  thinly  pubescent,  at  least  in  the  young  state. 

No.  1.  Triangular,  tripartite,  with  a  long  petiole ;  terminal  lobe 
rhomboid-cuneate,  trifid  and  serrate  above  the  middle  or  towards 
the  apex ;  lateral  lobes  spathulate-cuneate,  serrate  towards  the  apex. 

No.  2.  Similar,  but  having  the  lateral  lobes  broader  and  some- 
what bifid. 

Peucedanum  sativum,  L. 

Primary  root  fleshy,  or  stout,  tapering,  colourless,  with  lateral 
fibres. 
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Hypocotyl  very  short  or  indistinguishable  from  the  radicle. 
Cotyledons  linear  or  oblong-linear,  obtuse,  entire,  with  a  strong 
midrib,  and  alternate,  lateral,  ascending  nerves,  reticulate,  petiolate, 
and  tapering  into  the  petiole,  glabrous ;  lamina  l-5-l'8  cm.  long, 
3" 5-5  mm.  wide ;  petiole  flattened  above,  or  shallowly  grooved, 
convex  on  the  back,  dilated  at  the  base  and  perfoliate,  glabrous, 
4-5-11  mm.  long.  Individuals  occur  very  frequently  in  which  one 
or  both  (fig.  415)  of  the  cotyledons  are  bifid,  bipartite,  or  divided 
to  the  base,  appearing  in  the  last  case  double,  that  is,  simulating 
three  or  four  cotyledons,  instead  of  two.    Where  fission  occurs 

there  is  a  distinct  midrib  to  each  lobe 
of  the  cotyledon. 

Stem  elongated  the  second  season  when 
about  to  flower. 

Leaves  simple,  radical  and  cauline,  al- 
ternate, exstipulate,  petiolate,  glabrous  or 
variously  pubescent  or  hairy  in  wild  plants  ; 
petioles  more  than  half  terete,  narrowly  and 
shallowly  grooved  above,  glabrous  or  hairy, 
green  or  stained  with  purple,  much  dilated 
and  sheathing  at  the  base,  striated  with 
slender  ridges. 

No.  1.  Cordate,  obtuse,  palmately  five- 
nerved,  obtusely  crenate-dentate. 

No.  2.  Similar  but  trilobulate,  and  with 
overlapping  auricles  at  the  base. 

Ultimate  leaves  pinnatisect ;  lateral  lobes 
Peucedanum  sativum.     or  segments  cordate-  or  oblong-cordate,  ob- 
Nat.size.  ^^^^^  ^•j.j^  overlapping  auricles  at  the  base 

covering  the  primary  midrib,  alternately  and  ascendingly  penni- 
nerved,  lobulate,  obtusely  and  cuspidately  serrate-dentate,  subreticu- 
late,  especially  on  the  under  surface. 

Heracleum  Sprengelianum,  Wight  et  Am. 

Hypocotyl  subterranean,  or  4-6  mm.  exposed. 

Cotyledons  oblong,  oval,  or  elUptic,  entire,  obtuse,  1-7-1 -9  cm. 
long,  8-10  mm.  wide,  three-  to  five-nerved,  glabrous,  pale  green, 
shining ;  petiole  1-2-2  cm.  long,  1-2  mm.  wide,  flattened  or  sub- 
channelled  above,  convex  beneath,  glabrous. 

Leaves  radical,  alternate,  petiolate  ;  petiole  dilated  and  sheathing 
at  the  base. 

No.  1.  Cordate,  obtuse,  shallowly  five-lobed,  obtusely  dentate 
or  crenato,  with  mucro-tipped  crenatures,  palmately  five-nerved 
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(in  small  or  weakly  seedlings  tri-lobed  and  -nerved),  pale  green 
above  and  coarsely  hairy,  paler  and  almost  villous  beneath,  ulti- 
mately pubescent  on  both  surfaces ;  petiole  subterete,  shallowly 
channelled  on  the  upper  side,  pale  green  and  subvillous  on  the 
upper  half,  reddish  and  coarsely  hairy  on  the  lower,  long,  but 
length  variable. 

Intermediate  forms  are  trifid,  tripartite  or  trisect,  with  lobulate 
and  dentate-serrate  divisions.  Further  developed  leaves  are  tri- 
angular, acute,  pinnatisect  and  deeply  pinnatifid  ;  primary  divisions 
triangular,  acute,  deeply  pinnatifid  and  lobulate,  dentate-serrate  ; 
terminal  division  broadly  triangular,  acute,  deeply  tripartite, 
lobulate  and  dentate-serrate. 

Heracleum  villosum,  Fisch.  (fig.  416). 

Priviary  root  stout,  fleshy,  tapering  downwards  and  giving  rise 
to  short  lateral  fibrils,  biennial. 

Hypocotyl  stout,  fleshy,  merging  into  the  root. 

Cotyledons  sometimes  rather  unequal,  linear-oblong,  obtuse, 
tapering  into    the    petiole,  which  is 
dilated  and  sheathing  at  the  base,  chan- 
nelled above,  glabrous,  2'6-3"9  cm.  long, 
5  mm.  at  the  widest. 

Stevi  herbaceous,  undeveloped  till  it 
flowers. 

Leaves  simple,  radical  and  cauline, 
alternate,  exstipulate,  petiolate,  hispid, 
glandular  and  odorous  ;  petiole  chan- 
nelled above,  convex  and  ridged  be- 
neath, coarsely  hairy,  reddish  at  the 
base  and  pale  green  upwards,  much 
dilated  and  sheathing  at  the  base. 

No.  1.  Eotund-cordate,  obtuse,  pal- 
mately  five-nerved,  rather  deeply  cre- 
nate ;  crenatures  mucronate. 

No.  2.  Palmately  five-nerved,  tri- 
lobed,  cordate  at  the  base,  dentate-serrate 
with  acute  or  mucronate  serratures. 

Intermediate  forms  are  first  triangu- 
lar, trilobed,  cordate  at  the  base,  and  dentate-serrate. 

Another  stage  in  advance  would  be  tripartite  ;  lateral  segments 
ovate,  irregularly  dentate- serrate  ;  terminal  lobe  trifid  and  dentate- 
serrate. 

Ultimate  leaves  pinnatipartite  and  deeply  pinnatifid  in  the  lower 


Fig.  416. — Heracleum  villosum. 
Half  nat.  size. 
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half,  and  deeply  pinnatifid  or  bipinnatifid  in  the  upper,  shortly  pubes- 
cent on  both  sides ;  ultimate  lobes  ovate  or  oblong-ovate,  acuminate, 
irregularly  dentate. 


ARALIACEiE. 

Benth.  et  Hook.  Gen.  PI.  i.  931. 

Fruit  and  Seed. — In  the  last  Order  the  ovary  was  in  all 
cases  bicarpellary,  and  always  two-celled  except  where  the  dis- 
sepiment ultimately  became  lost  or  aborted.  The  ovary  in  this 
case  is  also  inferior,  but  possesses  from  two  to  many  cells  and 
as  many  carpels.  In  a  few  cases  the  number  is  reduced  to 
one.  The  ovules  are  solitary  in  each  cell,  suspended  from 
the  apex  of  the  cavity,  and  anatropous,  with  the  raphe  usually, 
if  not  always,  ventral.  The  fruit  is  baccate  or  often  drupa- 
ceous, with  a  fleshy,  or  rarely  membranous  exocarp.  The 
endocarp  is  woody,  crustaceous  or  cartilaginous,  rarely  mem- 
branous, and  whatever  the  number  of  carpels  making  up 
the  ovary,  the  endocarp  of  each  is  separately  lignified,  so  that 
the  fruit  can  be  broken  up  into  as  many  pieces  as  there  were 
carpels.  In  multicarpellary  fruits  the  seeds  are  more  or  less 
compressed  laterally  or  subtriquetrous  owing  to  the  mutual 
pressure  of  the  carpels  to  the  interior  of  which  they  con- 
form. The  testa  is  always  thin  and  membranous,  and  often 
closely  appHed  or  adnate  to  the  endosperm  which  is  copious 
and  fleshy  or  cartilaginous,  sometimes  ruminated  as  in  Hedera. 
The  embryo  is  always  minute  and  embedded  in  the  endo- 
sperm close  to  the  hilum ;  the  cotyledons  are  rounded,  ovate 
or  oblong,  and  generally  about  the  same  breadth  as  the  radicle. 

Amongst  the  more  exceptional  cases  in  the  Order  are 
Cuphocarpus  and  Arthrophyllum  with  ovaries  consisting  of  a 
single  carpel,  and  Tupidanthus  with  nearly  one  hundred  carpels. 
The  fruit  of  Horsfieldia  when  mature  separates  into  as  many 
pieces  as  there  are  component  carpels,  and  the  parts  of  the 
fruit  in  several  other  genera  are  readily  separable. 

Seedlings —The  cotyledons  amongst  the  few  seedlings 
observed  in  this  Order  are  ovate,  petiolate  and  distinctly 
or  indistinctly  trinerved.    Those  of  Aralia  edulis  (fig.  417) 
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are  minutely  but  distinctly  mucronate.  The  first  leaf  is 
reniform-cordate  and  serrate,  followed  by  at  least  two  others 
which  are  cordate  and  acuminate.  The  ultimate  leaves 
are  very  large  and  bipinnate  with  serrate  leaflets.  The  first 
two  leaves  of  Hedera  Helix  (fig.  418)  are  trifid  and  palmately 
five-nerved,  with  the  basal  pair  very  slender.  The  next  two 
give  an  indication  of  five  lobes.  The  cotyledons  are  coria- 
ceous, entire,  and  very  persistent.  The  leaves  of  the  first 
year's  growth  of  H.  palmata  in  the  specimen  noted  by  us 
differed  from  those  of  the  type  in  the  first  one  being  reduced 
to  a  petiole  (possibly  accidental).  The  second  showed  an 
indication  of  five  lobes ;  the  third  was  small  and  terminated 
the  first  year's  growth ;  the  fourth  and  fifth  were  palmately 
five-lobed,  very  similar  to  those  of  the  adult.  A  slight 
variation  is  shown  by  Tupidanthus  calyptratus  inasmuch  as 
the  cotyledons  are  relatively  broader  and  distinctly  emar- 
ginate.   The  first  leaf  is  ovate,  acute,  tridentate  and  trinerved. 

Aralia  edulis,  Sieb.  et  Zucc.  (fig.  417). 

Primary  root  tapering,  flexuose,  colourless,  giving  ofif  a  few 
lateral  rootlets. 

Hypocotyl  erect,  terete,  gla- 
brous, pale  green,  suffused  with 
purple,  6  mm.  long. 

Cotyledons  ovate,  obtuse, 
mucronate,  petiolate,  glabrous, 
trinerved,  subreticulate,  lucid ; 
lamina  8  mm.  long,  6  mm.  wide  ; 
petiole  3-5  mm.  long. 

Stem  herbaceous,  annually 
dying  down  to  the  rootstock. 

Leaves  compound  (seedling 
or  primary  ones  simple),  radical 
and  cauline,  alternate,  exstipu- 
late,  petiolate,  thinly  hairy  on 
the  nerves  beneath,  also  pubes- 
cent  above  when  young,   deep       ^ig.  Hl— Aralia  edulis.   Nat.  size, 
green  above,  paler  beneath,  shin- 
ing on  both  surfaces  ;  petioles  semifceretc.  deeply  channelled  above 
shghtly  hairy,  dilated  and  sheathing  at  the  base  ;  sheaths  somewhat 
laciniate. 
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No.  1.  Cordate-reniform,  acute,  acutely  and  irregularly  serrate, 
five-nerved. 

No.  2.  Cordate,  acute,  seven-nerved,  irregularly  and  acutely 
serrate. 

No.  8.  Cordate,  acuminate,  seven-nerved,  irregularly  and  acutely 
serrate. 

Hedera  Helix,  L.,  var.  palmata. 

Primary  root  tapering,  flexuose,  giving  off  numerous  lateral, 
flexuose  fibres. 

Hypocotyl  subflexuose,  terete,  glabrous,  subverrucose,  brownish, 

2-2  cm.  long,  woody. 

Cotyledons  oval,  obtuse,  petio- 
late,  subtrinerved  and  reticulate, 
foliaceous,  deep  green  above,  paler 
beneath,  glabrous;  petiole  flattened 
above  with  a  longitudinal  median 
ridge,  6  mm.  long. 

Stevi  woody,  terete,  zigzag  or 
subflexuose,  pubescent  with  stel- 
lately  branching  hairs,  pale  green  ; 
1st  internode  1  mm.  long;  2nd 
5  mm. ;  3rd  3  mm. ;  4th  9  mm.  ; 
5th  12  mm. 

Leaves  simple,  cauline,  alter- 
nate, exstipulate,  petiolate  (petiole 
with  sheathing  base),  evergreen, 
pubescent  with  steUately  branching 
hairs  when  young  and  unfolding, 
glabrescent  when  old  except  for  a 
few  hairs  on  the  nerves,  deep  green 
above,  reticulate,  paler  beneath. 

No.  1.  Keduced  to  a  petiole,  or 
limb,  small. 

No.  2.  Palmately  tri-fid  and 
-nerved  with  a  lateral  tooth  on  each 
side  foreshadowing  two  other  lobes ; 
lobes  and  teeth  obtuse,  mucronate. 
No,  8.  Very  small,  trifid. 
No.  4.  Palmately  five-nerved 
and  -lobed,  subcimeate  at  the  base ; 
lower  nerve  on  each  side  slender  and  supported  by  a  large  lateral 
branch  from  the  nerves  above  ;  two  lateral  lobes  small,  triangular ; 
three  middle  lobes  triangular- elongate,  subacute  or  mucronate. 


Fig.  418. — Sedera  Helix.  Half  nat.  size. 
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No.  5.   Similar  to  No.  4,  but  not  yet  developed. 

This  variety  differs  from  the  type,  Hedera  Helix  (fig.  418),  in  the 
fourth  leaf,  in  the  narrower  and  more  elongated  lobes,  and  the  nerves 
ascending  at  a  more  acute  angle. 

Tupidanthus  calyptratus,  Hook.f.  et  Thorns. 

Hypocotyl  erect,  thickest  near  the  soil,  square,  glabrous,  3* 5-4*5 
cm.  long,  Hght  green  or  almost  colourless. 

Cotyledons  ovate-oblong,  obtuse,  emarginate,  with  short  petioles, 
glabrous,  hght  green,  distinctly  trinerved,  hke  the  fohage  leaves. 

Stem  with  primary  internodes  undeveloped. 

First  leaf  simple,  tridentate,  cauline,  alternate,  exstipulate, 
petiolate,  ovate,  acute,  glabrous,  subshiny  green,  trinerved  ;  petiole 
comparatively  long,  channelled  on  the  upper  side. 


CORNACE^. 

Benth.  et  Hook.  Gen.  PL  i.  947. 

Fruit  and  Seed. — As  in  the  two  preceding  Orders,  the  ovary 
here  also  is  inferior.  It  has  from  one  to  four  cells,  with  a 
solitary  anatropous  ovule  in  each,  suspended  from  the  top  of  the 
cavity,  except  in  Garrya  where  there  are  two  ovules  in  the  one- 
celled  ovary  which  is  formed  from  two  carpels.  The  raphe  is 
lateral  or  dorsal,  and  the  membranous  testa  is  confluent  with, 
or  inseparable  from  the  endosperm.  The  fruit  is  most  often 
drupaceous  with  a  fleshy  or  pulpy  exocarp  and  a  one-  to  four- 
celled  woody  endocarp,  more  rarely  separable  into  two  bony 
or  crustaceous  one-seeded  pieces.  The  seed  is  large,  oblong, 
or  elongated  cylindrical,  sometimes  compressed  as  in  Marlea, 
ovoid  as  in  Aucuba,  or  linear  as  in  Toricellia.  Endosperm  is 
copious  and  fleshy  ;  in  Alangium  it  is  ruminate.  The  embryo 
is  comparatively  large,  cyHndrical,  and  nearly  as  long  as  the 
endosperm,  or  the  cotyledons  are  much  wider,  in  some  cases 
about  equal  to  the  width  of  the  endosperm  ;  it  is  fleshy  in 
Kaliphora,  but  minute  in  Griselinia,  Aucuba  and  ToriceUia. 
The  radicle  is  superior  and  terete  when  elongated. 

Cornus  alba  is  a  fairly  representative  type.  The  oval 
cotyledons  are  trinerved  and  opposite,  but  sometimes  oblique 
and  slightly  shorter  than  the  terete  radicle.    One  of  the  two 
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cells  of  the  ovary  is  generally  aborted  while  the  greater  part 
of  the  drupaceous  fruit  is  occupied  by  one  large  seed.  The 
ovary  and  fruit  of  Aucuba  japonica  are  one-celled,  and  the 
latter  contains  a  very  large  ovoid  seed  enclosing  a  minute 
embryo  close  to  the  upper  end  of  the  endosperm.  The 
blunt  radicle  constitutes  by  far  the  larger  part  of  the 
embryo  and  is  much  wider  than  the  cotyledons.  The  latter 
are  narrowly  oblong  in  Curtisia,  linear  in  Corokia,  foliaceous, 
twisted  and  plicate  in  Alangium. 

Seedlings. — Few  of  the  members  of  this  Order  are  often 

grown  from  seed,  with  ex- 
ception of  Cornus,  Aucuba, 
Griselinia,  Garrya  and  Coro- 
kia, and  but  a  few  species 
even  of  these.  Seedlings 
are  still  less  common.  The 
seedlings  of  Aucuba  japonica 
(fig.  419)  are  large  and 
vigorous  notwithstanding 
the  diminutive  size  of  the 
embryo  while  in  the  seed. 
This  is  to  be  accounted  for  by 
the  large  quantity  of  endo- 
sperm available  during  ger- 
mination. The  hypocotyl  is 
very  stout  and  elongated ; 
and  the  cotyledons  are  ovate, 
obtuse,  three-  to  five-nerved 
and  entire.  They  seem  to 
be  exceeded  in  size  by  those 
of  the  variety  named  A.  j. 
ilicifoHa,  which  sometimes 
attain  a  length  of  3'5  cm., 
and  a  breadth  of  2-1  cm. 
The  first  two  pairs  of  leaves 
Fig.  iw.-Aucubajajponica.  Nat.  size,    are  opposite,  and  ovatc,  with 

a  few  coarse  teeth.  The 
seedling  of  A.  japonica  observed  produced  only  one  pair  of 
leaves  and  went  to  rest  with  its  bud  covered  by  two  pairs  of 
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leaves  reduced  to  scales.  After  a  short  time  the  latter 
dropped,  and  growth  was  resumed. 

Aucuba  japonica,  Thunb.  (fig.  419). 

Primanj  root  stout,  fleshy,  subflexuose,  ultimately  producing 
strong,  fleshy  lateral  roots  also  subflexuose. 

Hypocotyl  woody,  erect,  terete,  glabrous,  pale  green,  about  3  cm. 
long. 

Cotyledons  oblong-ovate,  obtuse,  three-  or  sub-five-nerved,  shortly 
petiolate  ;  lamina  2'15  cm.  long,  cm.  wide. 

Stem  woody,  erect,  terete,  glabrous,  hairy  when  young,  pale 
green;  1st  internode  1"35  cm.  long;  2nd  1  mm.;  3rd  5'5  mm.; 
4th  1-05  cm. 

Leaves  simple,  cauline,  opposite,  decussate,  exstipulate,  petiolate, 
glabrous,  bright  green  and  shining  above,  paler  beneath,  marked  on 
both  surfaces  with  yellow  or  creamy  yellow  blotches  ;  petioles  semi- 
terete,  channelled  above  in  seedling  plants,  flattened  in  the  adult, 
pale  green  or  purphsh. 

First  pair  ovate,  acute,  serrate-dentate  with  about  two  teeth  on 
each  side. 

Growth  stopped  here,  and  recommenced  after  a  time. 

Second  and  third  pairs  reduced  to  small  ovate-subulate,  acute, 
deciduous  or  caducous  scales,  decussating  with  the  normal-sized 
leaves. 

Fourth  pair  oblong-lanceolate,  acute  with  about  two  teeth  on 
each  side. 

Ultimate  leaves  large,  lanceolate-oblong,  gradually  narrowed  to 
an  obtuse  point  and  cuspidate,  distantly  serrate-dentate  on  the 
upper  half,  alternately  penninerved,  rather  obscurely  reticulate. 


CAPRIFOLIACEiE. 

Benth.  et  Hook.  Oen.  PI.  ii.  1. 

Fruit  and  Seed. — The  ovary  in  this  Order  is  inferior  and 
consists  of  two  to  six  carpels,  most  frequently  three,  and  as 
many  cells,  except  in  the  case  of  Viburnum  which  has  only  one 
cell  or  is  spuriously  two-  to  three-celled.  Here  as  in  other 
cases  there  is  evidence  of  a  reduction  of  the  original  number  of 
perfect  cells.  The  ovules  are  usually  solitary,  and  suspended 
from  the  apex  of  each  cell  or  they  are  numerous  and  inserted 
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on  the  inner  angles  of  the  cells  as  in  Leycesteria  and  Diervilla, 
and  anatropous  with  a  dorsal  or  laferal  raphe.  The  fruit  is 
variable  in  different  genera  and  either  baccate,  drupaceous, 
or  dry  and  indehiscent,  or  capsular.  In  several  species  of 
Lonicera  the  baccate  fruits  are  united  laterally  in  pau-s. 
When  mature  the  number  of  cells  is  the  same  as  in  the  ovary, 
or  may  be  reduced  to  one  by  the  breaking  up  of  the  septa ; 
each  cell  is  one-  to  many-seeded .  In  some  genera  the  fruit 
is  in  a  transition  state,  as  the  seeds  in  some  of  the  cells 
become  aborted  when  quite  young ;  in  some  cases  some 
of  the  cells  contain  only  one  seed,  while  other  cells  of  the 
same  fruit  have  many  seeds.  When  the  seeds  are  solitary 
they  are  generally  large  and  conform  to  the  shape  of  the  cell ; 
but  when  numerous  they  are  smaU  and  subglobular  or 
variously  angled.  The  endocarp  is  sometimes  leathery  or 
subwoody  in  baccate  fruits,  and  the  testa  membranous,  as  in 
Viburnum,  or  the  testa  may  be  leathery,  crustaceous  or  spongy, 
or  winged  along  one  side.  Endosperm  is  copious  and  fleshy. 
The  embryo  is  generally  very  small,  and  embedded  in  the  en- 
dosperm close  to  the  hilum,  or  it  may  elongate  till  it  nearly 
equals  the  endosperm  in  length,  with  ovate  or  oblong  coty- 
ledons and  an  elongated  terete  radicle. 

The  last  case  is  illustrated  by  Sambucus  nigra,  the  fruit 
of  which  is  baccate  and  three-celled,  with  the  endocarp  of 
each  carpel  forming  a  long  thick  layer  enclosing  and  protect- 
ing a  solitary,  oblong  seed,  with  a  very  thin  testa  and  a 
lateral  raphe. 

The  fruits  of  Yiburnum  are  baccate  or  dry  and  indehis- 
cent, globose  or  variously  compressed  or  terete,  and  one-  or 
spuriously  three-celled.    The  endocarp  is  leathery  or  bony  ; 
and  the  solitary  seed  varies  greatly  in  shape ;  the  testa  is 
membranous,  the  raphe  lateral,  and  the  embryo  minute. 
They  may  be  divided  into  three  groups,  the  first  of  which  is 
typified  by  V.  Opulus.    Although  the  fruit  is  globose,  the 
endocarp  and  seed  are  much  compressed.     In  a  few  ex- 
ceptional cases  the  fruit  is  bluntly  trigonous  with  a  rather 
sharply  trigonous  endocarp  and  seed,  pointing  to  the  ancestral 
condition  of  the  tricarpellary  ovary. 

In  the  young  fruit  the  endocarp  and  seed  seem  to  be  gene- 
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rally  slightly  trigonous.  The  lateral  raphe  (see  p.  50)  almost 
entirely  encompasses  the  seeds,  a  very  exceptional  case  in  any 
Natm'al  Order  of  Phanerogams.  The  cell  of  the  young  ovary 
greatly  exceeds  the  ovule  in  size ;  and  the  latter  hangs  sus- 
pended from  the  top  of  the  cavity  with  the  raphe  already 
passing  along  one  side,  across  the  end  and  partly  up  the 
opposite  side  to  the  chalaza.  The  ultimate  condition  of  the 
raphe  seems  to  be  due  to  a  localisation  of  growth  in  the 
lower  part  of  the  seed ;  so  that  while  the  latter  is  making 
an  effort  to  occupy  the  cell  which  it  ultimately  completely 
fills,  the  chalaza  and  that  part  of  the  seed  above  it  remain 
stationary,  while  the  lower  part  lengthens.  The  raphe  in 
fact  does  not  creep  round  the  edge  of  the  seed,  but  its  great 
length  is  due  to  the  inequahty  of  growth  in  the  upper  and 
lower  halves.  The  endocarp  and  seed  of  V.  Lantana  and 
V.  Lentago  (fig.  423)  agree  with  those  of  V.  Opulus  in  all 
main  particulars,  but  the  fruits  are  much  compressed.  The 
seed  of  V.  Lantana  is  suborbicular  and  dorso-ventrally  much 
compressed;  that  of  V.  Lentago  is  more  oblong  and  as 
much  compressed  except  at  the  apex,  where  there  is  a  short 
ridge  or  elevation,  opposite  which  is  the  embryo,  and  the 
seed  conforms  to  it  at  that  point.  The  raphe  here  is  even 
more  extraordinary,  for  it  encircles  the  seed  almost  back 
again  to  the  hilum. 

The  second  group  is  typified  by  V.  dentatum  (fig.  421),  the 
seed  of  which  is  ovoid  or  subglobose,  ridged  on  both  side's  at 
the  top  as  in  V.  Lentago,  but  strongly  inflexed  at  the  sides, 
makirg  it  rather  deeply  concave  on  one  side.  This  it  does  in 
conformity  with  the  cavity  of  the  endocarp,  which  indicates 
an  ancestral  three-celled  condition  of  the  ovary.  The  raphe 
almost  completely  encircles  the  seed,  and  is  not  strictly 
margmal  except  at  the  lower  end.  Elsewhere  it  is  irregular 
and  undulatory  at  some  distance  from  the  margin  ''The 
ovule  and  young  seed  behave  in  a  similar  manner  to  those  of 
V.  Opulus.  The  fruit,  endocarp  and  seed  of  V.  montanum 
(fag  425)  are  very  much  like  those  of  V.  dentatum  The 
raphe  differs  chiefly  in  being  distant  from  the  much  incurved 
edge  of  the  seed  at  the  lower  end.  The  third  group  is  repre- 
sented by  V.  lantanoides  (fig.  424). 
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The  fruit  is  oblong-oval  in  outline,  somewhat  compressed, 
ridged  at  the  top,  and  longitudinally  furrowed  on  both  sides. 
A  transverse  section  shows  that  the  endocarp,  and  seed  are 
infolded  at  the  sides.  The  raphe  touches  the  edge  of  the  seed 
at  the  lower  end  only.  The  strongest  character  of  this  type 
is  the  ruminated  endosperm. 

The  ovary  of  Symphoricarpus  racemosus  is  four-celled,  and 
contains  four  to  five  ovules  in  each  of  two  cells,  with  one  in 
each  of  the  other  two.  The  latter  only  mature  into  perfect 
seeds,  having  a  bony,  white  testa  with  a  membranous  inner 
layer.  The  endosperm  is  fissured  or  shghtly  hollow  along  the 
centre,  and  the  embryo  is  minute  with  ovate-oblong  cotyledons. 
The  fruit  is  globose  and  baccate  as  in  Lonicera  Periclymenum ; 
in  the  latter,  although  originally  three-celled,  it  becomes 
one-celled  by  the  destruction  of  the  septa  and  contains  few 
seeds.  These  are  oblong,  subcompressed  and  biconvex,  with 
a  crustaceous  testa.  The  embryo  is  small,  with  oblong  or 
ovate  cotyledons. 

Seedlings. — The  cotyledons  of  the  different  species  of  this 
family  observed  attain  a  considerable  size  during  and  after 
germination,  depending  doubtless  in  a  great  measure  upon  the 
size  and  shape  of  the  seed,  together  with  the  quantity  of  reserve- 
material.  There  is  comparatively  little  variation  amongst 
them,  and  typically  they  may  be  described  as  oblong,  obtuse, 
entire,  or  incipiently  emarginate,  petiolate  with  two  to  three 
pairs  of  nerves  arising  from  different  points  of  the  midrib, 
running  longitudinally  along  the  lamina,  and  some  of  them 
again  as  a  rule  uniting  with  the  midrib  below  the  apex.  The 
petioles  are  slightly  connate  at  the  base.  A  good  representa- 
tive type  is  furnished  by  Sambucus  nigra  (fig.  420)  havmg 
oblong-ovate  cotyledons.  An  interesting  case  of  evolution  is 
shown  by  the  primary  leaves  of  the  seedhng.  They  are 
opposite,  and  the  two  first  pairs  are  cordate,  serrate,  and 
simple.  Those  of  the  third  pair  are  pinnately  trifoliolate 
with  broadly  ovate  leaflets.  The  cotyledons  of  Viburnum 
punctatum  (fig.  426)  differ  chiefly  from  those  of  Sambucus 
nigra  in  being  seven-nerved.  The  leaves  are  all  simple, 
opposite  and  decussate,  with  the  first  pair  ovate-elliptic  and 
bluntly  serrate.    The  succeeding  five  pairs  are  more  decidedly 
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elliptic.  The  cotyledons  of  Triosteum  pinnatifidum  are 
broadly  oblong  and  trinerved,  with  the  petioles  connate,  so 
as  to  form  a  short  tube  around  the  axis.  The  leaves  are 
dimorphic.  The  two  first  pairs  are  lanceolate,  while  those 
produced  on  the  seedling  when  growth  is  resumed  the 
following  spring  are  broader  and  lanceolate-elliptic,  while 
others  are  rhomboid  and  deeply  trilobed  on  one  side  only, 
with  rounded  sinuses,  ovate  lateral  lobes  and  broadly  tri- 
angular terminal  ones.  The  cotyledons  of  Lonicera  Munroi 
(fig.  427)  are  oblong-oval,  with  two  pairs  of  lateral  incurved 
nerves  arising  at  different  levels  on  the  midrib.  The  first  four 
pairs  of  leaves  are  broadly  oval,  entire,  and  suddenly  cuneate 
at  the  base.  The  cotyledons  of  Viburnum  Opulus  (fig,  422) 
differ  from  any  of  the  above  in  being  oblong,  relatively  longer, 
narrower  and  sessile.  They  have  two  pairs  of  lateral  nerves 
with  a  considerable  interval  between  them,  and  they  suddenly 
taper  to  a  connate  base.  The  first  pair  of  leaves  are  ovate 
with  two  pairs  of  coarse  lateral  teeth  or  lobes  each  with 
a  strong  nerve,  arising  alternately  from  the  midrib.  The 
seedlings  took  nearly  seven  months  to  germinate  in  a  green- 
house temperature,  from  the  9th  of  October  to  the  1st  of  May 
following.  The  leathery  or  subwoody  endocarp  splits  along 
the  edges  for  the  lower  half  of  its  length  in  order  to  favour  the 
exit  of  the  cotyledons. 


Sambucus  nigra,  L. 

Ovary  of  two  to  five,  usually  three,  carpels,  two-  to  five-,  usually 
three-celled,  each  cell  one-ovuled  ;  ovules  pendulous,  anatropous ; 
micropyle  superior.  ' 

Fndt  baccate,  globose,  glabrous,  tipped  with  the  persistent 
lobes  of  the  calyx,  two-  to  five-,  usually  three-seeded  ;  epicarp  thin  • 
mesocarp  pulpy  or  juicy ;  endocarp  bony,  whitish,  acting  as  a  pro- 
tection to  the  seed. 

Seed  narrowly  oblong,  obtuse  at  either  end,  conforming  rather 
closely  to  the  interior  of  the  bony  endocarp  ;  testa  ve^y  thin 
membranous  ;  raphe  lateral,  forming  a  ridge  on  the  testa ;  micropyle 
and  hilum  basal  at  the  upper  end  of  the  seed    chalaza  apical  at 
the  lower  end  of  the  seed.  ' 
Endosperm  copious,  fleshy,  transparent,  white. 
Embryo  straight,  narrow,  central,  nearly  as  long  as  the  endo- 
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sperm,  colourless ;  cotyledons  oblong,  obtuse,  entire,  many  times 
shorter  and  slightly  broader  than  the  radicle  ;  radicle  cyhndrical, 
obtuse,  shghtly  narrower  in  the  middle  or  at  the  end  next  the  coty- 
ledons, with  its  tip  close  to  the  micropyle,  but  within  the  endo- 
sperm. 

Seedling  (fig.  420). 

Primary  root  slender,  tapering,  with  a  few  fibrous  lateral  root- 
lets. 

Hypocotyl  tender,  succulent,  glabrous,  or  with  a  few  short 
papillose  hairs,  erect,  terete,  pale  green,  2-5  cm.  long,  1  mm.  thick. 
Cotyledons  foliaceous,  glabrous ;  lamina  oblong-ovate,  obtuse, 

subcuneate  at  the  base,  bright 
green  above,  paler  beneath,  1'5 
cm.  long,  8  mm.  wide ;  petiole 
channelled  above,  connate  around 
the  stem  at  the  base. 

Stem  erect,  terete,  glabrous, 
green,  succulent  in  the  seedling 
stage,  ultimately  woody  ;  1st  in- 
ternode  2  mm.  long,  or  hardly 
developed,  and  several  succeed- 
ing ones  similar. 

Leaves  simple  (ultimately 
imparipinnate),  cauline,  opposite, 
stipulate ;  petiole  subterete,  chan- 
nelled above. 

First    pair    cordate,  acute, 
acutely  serrate,  with  five  to  seven 
ascending  and  incurved  nerves,  thinly  pubescent  in  the  young 

state. 

Second  pair  similar. 

Third  pair  pinnately  trifoliolate ;  leaflets  broadly  ovate,  acute, 
acutely  serrate ;  terminal  leaflet  much  the  largest. 

Viburnum,  L. 

EAELY  DEVELOPMENT  OP  FRUIT  AND  SEED  (fig.  421). 

The  position  of  the  raphe  in  this  genus  is  interesting  and  pecu- 

At  the  time  of  flowering  or  immediately  after  the  corolla  has 
dropped,  it  passes  (fig.  421,  A)  along  one  side  of  the  ovule,  across  the 
lower  and  apical  end,  and  a  little  way  up  the  other  side  to  the 
chalaza,  which  at  this  time  is  a  httle  below  the  middle  of  the  ovule. 


Fig.  420. — Samhucus  nigra. 
Half  nat.  size. 
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Owing  to  a  localisation  of  growth  in  the  young  seed,  the  lower  and 
apical  end  including  the  raphe  attains  (fig.  421,  B,  C)  great  develop- 
ment. The  seed  being  attached  at  the  apex  of  the  cell,  is  encou- 
raged to  grow  at  its  lower  end  only,  in  order  to  completely  occupy 
the  cavity  of  the  ovary.    The  distance  between  the  chalaza  and  the 


^21.-F77>itr«Mm  cZeniaiwwi.    A,  B,  and  C,  longitudinal  sections 
of  the  fruit  in  three  stages,  x  5  :  iJ,  raphe;  Ch,  chalaza. 

hilum  or  micropyle  remains  unaltered,  consequently  as  growth  goes 
on  the  raphe  seems  to  creep  farther  and  farther  round  the  seed 
whereas  it  is  only  the  lower  part  of  the  seed  and  the  raphe  which 
grow  and  develop  together  till  the  cavity  of  the  ovary  is  completely 
filled,  when  the  raphe  surrounds  nearly  the  whole  of  the  mature  seed. 

Viburnum  Opulus,  L. 

Ovary  of  three  carpels,  one-celled,  one-ovuled;  ovule  pendulous 
from  the  top  of  the  inner  angle  of  the  cell,  anatropous  ;  micropvle 
superior.  ^"^ 

Fruit  a  globose  drupe,  red  when  mature  ;  mesocarp  pulpv  • 
endocarp  horny.  j-  r  » 

Seed  ovate-rotund,  cuspidate  at  the  apex,  shallowly  emarginate 
at  the  base,  much  compressed  or  flattened  laterally,  conforming  to 
he  mtenor  of  the  endocarp,  brownish-red,  with  a  thin  adherent 
testa  ;  raphe  lateral,  passing  along  the  edge  of  the  seed,  round  the 
base  and  half  way  up  the  other  side  ;  hilum  and  micropyle  super  ox 

Endosperm  in  the  mature  seed  abundant,  horny  white 
Rmhryo  small,  straight,  embedded  in  the  endosperm'  close  to 
he  hilum  ;  cotyledons  spathulate- oblong,  obtuse,  entire,  about  as 
long  as  the  stout,  obtuse  radicle,  and  shghtly  broader  tW  f 
with  their  backs  to  the  placenta  in  the  broader^'^of  the  seed.  ' 
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EAELT  DEVELOrMENT  OP  FKUIT  AND  SEED. 

Fruits  frequently  occur  that  are  obtusely  trigonous,  indicating 
the  ancestral  form  of  the  tricarpellary  ovary,  while  in  the  young 
condition  the  cavity  of  the  ovary  is  perhaps  always  slightly 

trigonous.  .     ,   ,  ,      in         i.  -i. 

When  the  fruit  has  grown  to  some  size,  but  long  before  maturity, 

the  young  growing  seed  is  rotund-obovate  or  almost  orbicular  and 

very  much  shorter  than  the  cell  which  it  occupies. 

The  raphe  at  this  stage  passes  round  one  side,  along  the  apex, 
and  a  short  way  up  the  other  side  of  the  seed. 

Further  growth  proceeds  below  the  chalaza ;  the  raphe  also 
keeps  pace  with  this  locahsed  growth  and  consequently  attams 
Its  great  length,  nearly  surrounding  the  margms  of  the  flattened 

When  the  seed  has  attained  full  size,  it  is  orbicular,  or  nearly 
so,  biconvex  or  lenticular,  and  much  compressed  dorso-ventraUy 
raiher  acutely  two-edged,  and  completely  fiUs  the  cavity  of  the 
ovary  the  raphe  encompasses  aU  but  a  short  part  of  the  edge 
corresponding  to  the  part  above  it  in  the  ovule  or  exceeding  it 
but  a  very  little. 

Seedling  (fig,  422). 

Hypocotyl  erect,  terete,  glabrous,  reddish,  stout  at  the  base  and 
tanering  upwards,  1-1-5  cm.  above  the  soil. 

c2ledons  oblong,  obtuse  or  submucronate,  entire,  sessile  deep 
shining  green,  glabrous,  tapering  to  the  base  and  connate,  tri- 
ne vedat'the  ia^e,  with  the  nerves  incurved  about  or  below  the 
middle  and  uniting  with  other  two  that  run  nearly  paraUe  w^^th 
Te  mi'drib  and  margin,  becomiug  incurved  a^d  urn  mg  with  the 
midrTb  close  to  the  apex,  shghtly  reticulate,  9-12  mm.  long.  8-4  mm. 

""'^tem  erect,  two-angled  m  the  earliest  seedhng  form  with  the 
angks  running  down  from  the  edges  of  the  pan;  of  leaves  next  above 
them  ultimately  four-  or  many-angled  or  ridged  and  furrowed 
glabrous,  pale  green,  ultimately  shrubby;  1st  mternode  6-15  mm. 

^'"'^eaves  simple,  cauline,  opposite,  first  few  pairs  exstipulate 
ciliate  pubescent  beneath,  at  least  when  young  (first  pair  ciha^e 
only    strongly  palmately  trinerved  and  lobate.  coarsely,  acu  elj  and 
Irrell^L^  liL,  with  the  principal  nerves  again  sti-ongly  a^^^^^^ 
nitelv  nerved  and  reticulate,  deep  green  above,  paler  and  sinning 
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beneath ;  petioles  semiterete,  deeply  chapnelled  above,  dilated  at 
the  base,  amplexicaul  and  connate,  thinly  pubescent  in  the  young 
state,  glabrescent,  furnished  at  the  margins  in  the  upper  part  with 
large,  stipitate  or  sessile, 
green  glands  ;  stipules 
forming  one  to  two 
Unear,  obtuse,  or  acute 
processes  seated  on  the 
margin  of  the  petiole 
and  near  its  base, 
green,  glabrous. 

First  pair  of  leaves 
ovate,  acute,  trilobed, 
with  two  large  teeth 
near  the  base,  alter- 
nately and  ascendingly 
penninerved,  with  a 
strong  nerve  running 
into  each  lobe  or  tootli, 
ciliate,  otherwise  gla- 
brous, hght  green  and 
shining  on  both  sur- 
faces, exstipulate,  with 
short  red  margined 
petioles. 

Ultimate  leaves  pal- 
mately  tri-nerved  and 
-lobed,  with  the  three 
principal  nerves  again 
strongly  and  ascend- 
ingly penninerved,  re- 
ticulate ;  lobes  acute, 
coarsely  and  irregularly 
dentate,  with  deltoid  acute  teeth  ;  middle  lobe  the  largest  and  on 
strong  growing  shoots  often  trifid. 

Viburnum  Lentago,  L.  (fig.  423). 

Fruit  a  drupe,  globose  or  oblong,  slightly  compressed  dorso-ven- 
trally,  glabrous,  black  ;  mesocarp  pulpy,  very  dark-coloured  ;  endo- 
carp  thick,  tough,  horny,  separable  into  halves  longitudinally  along 
the  edges,  very  much  compressed  dorso-ventrally,  rounded  at  its 
lower  end,  cuspidate  at  the  apex. 

Seed  orbicular  or  oblong,  rounded  at  the  lower  end,  but  some- 


Fig.  422. — Viburnum  Opulus,  x  2. 
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times  emarginate  owing  to  a  small  indentation  or  inflection  of  the 
endocarp  to  wliicli  it  conforms,  cuspidate  at  the  apex  where  the 
radicle  hes  ;  testa  thin,  membranous,  minutely  alveolate  or  honey- 
combed over  great  part  of  its  surface,  deep  brown  ;  hilum  and 

micropyle  contiguous,  superior,  or  basal 
to  the  seed ;  raphe  commencing  at  the 
hilum  and  forming  a  distinct  line  almost 
all  round  the  margin  of  the  seed. 

Endosperm  and  embryo  very  similar 
to  those  of  V.  Opulus,  but  the  oval- 
oblong  cotyledons  are  a  little  longer  than 
the  radicle. 


Fig.  423. — Viburnum  Leniago. 
Longitudinal  section  of  en- 
docarp and  seed,  x  2  :  F, 
funicle ;  E,  embryo ;  TSBa, 
testa  and  raphe  combined; 
P,  endosperm ;  En,  endo- 
carp. 


Viburnum  Lantana,  L. 

Drupe  oblong,  dorso-ventrally  com- 
pressed;  endocarp   pale-   or  straw-co- 
loured, ridged  and  furrowed  longitu- 
dinally in   conformity  with  the  seed; 
otherwise  as  in  the  last  species. 
Seed  nearly  orbicular,  much  compressed  dorso-ventraUy  with  a 
median  longitudinal  ridge  along  one  face  and  a  correspondmg  furrow 
along  the  other,  pale  brownish-orange  ;  raphe  lateral,  passmg  from 
the  hilum  round  one  edge  of  the  seed  and  half  way  up  the  other  to 
the  chalaza  ;  otherwise  as  in  the  last  species. 
•     Endosperm  and  embryo  as  in  previous  species  ;  cotyledons  ovate  ; 
radicle  about  half  their  length. 

Viburnum  lantanoides,  Michx.  (fig.  424). 

Drupe  oval-oblong,  slightly  compressed  dorso-ventraUy,  narrowed 


Fig.  iU.-Vihurnmn  lantanoides.    A,  longitudinal  section  of  endoca^ 

verse  section  of  endocarp  and  seed  near  its  apex,  x  6  .  P,  endosperm 
T,  testa ;  Ba,  raphe. 

to  the  apex  and  tipped  mth  the  persistent  base  of  the  style  ;  meso^ 
carp  pulpy,  dark-coloured  ;  endocarp  crustaceous,  oblong,  narrows  ed 


CAPRIFOLIACE^ 


55 


at  the  upper  and  basal  end  into  an  obtuse  tip,  somewhat  compressed 
dorso-ventrally,  and  raised  on  one  face  into  four  stout  ridges  with 
intermediate  depressions,  and  having  on  the  other  a  deep  impression 
with  a  ridge  in  the  centre,  pale-coloured. 

Seed  conforming  to  the  endocarp,  dark  brown,  minutely  pitted, 
glabrous ;  testa  thin,  membranous,  carried  in  folds  into  the  endo- 
sperm ;  raphe  a  reddish  line  passing  from  the  hilum  down  the  side 
of  the  seed,  and  winding  round  the  end  and  up  the  opposite  side  for 
two-thirds  of  its  length  ;  chalaza  within  one-third  of  the  base  of 
the  seed. 

Endosperm  as  before,  but  ruminate. 
Embryo  as  before  ;  cotyledons  oblong- ovate. 

Viburnum  montanum,  ?Aiict.  (fig.  425). 

Drupe  obovoid ;  endocarp  crustaceous  and  variously  involuted 
owing  to  indentations  or  cavities  of  the  seed,  as  well  as  its  infolded 
margins. 

A  B 


Fig.  425. — Viburnum  montanum,  x  i.  A,  longitudinal  section  of 
fruit :  S,  embryo ;  Me,  mesocarp  ;  En,  endocarp ;  T,  testa  ;  P,  endo- 
sperm. B,  longitudinal  section  through  the  narrow  plane  of  the  seed  : 
F,  funicle  ;  S,  embryo ;  Me,  mesocarp ;  Jj!n,  endocarp ;  T,  testa ; 
P,  endosperm. 

Seed  somewhat  obovoid,  suddenly  narrowed  at  its  upper  end, 
deeply  infolded  at  the  sides  on  the  ventral  aspect,  and  shallowly  on 
the  dorsal  aspect  near,  or  at  the  top,  leaving  a  median  ridge  which 
contains  the  embryo ;  raphe  lateral,  passing  round  the  seed  just 
within  the  infolded  margins  and  consequently  appearing  ventral ; 
chalaza  a  short  distance  from  the  hilum  ;  testa  thin,  membranous, 
pale  yellowish. 

Endosperm  fleshy,  pale  yellowish  or  transparent,  occupying 
almost  the  whole  of  the  seed. 

Embryo  minute,  ovoid-oblong,  embedded  in  a  thickened  and 
pointed  part  of  the  endosperm  close  to  the  micropyle  and  hilum ; 
radicle  very  blunt,  subturbinate,  about  equal  to  the  cotyledons  in 
length  ;  cotyledons  ovate,  obtuse,  entire,  plano-convex,  applied  to 
each  other  face  to  face. 
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Viburnum  punctatum,  Haviilt.  (fig.  426). 
Hypocotyl  scurfy  with  deciduous  scales,  pale  green,  3-6  cm. 
long. 

Cotyledons  foliaceous,  oblong-ovate,  obtuse,  seven-nerved,  with 
scurfy  scales ;  lamina  I'T  cm.  long,  9  mm.  wide ;  petiole  grooved 
over  2-5  mm.  long. 

Stem  woody,  erect,  quadrangular,  densely  scurfy  with  brown 

scales  ;  1st  internode  9  mm.  long  ; 
2nd  and  Brd  each  3-5  mm;  4th  0 
mm. ;  5th  7'5  mm. 

Leaves  opposite,  decussate,  ex- 
stipulate,  shining  above  and  thinly 
scurfy,  densely  so  beneath,  alter- 
nately penninerved;  petioles  grooved 
above,  subcarinate  beneath  with  the 
carina  continuous  with  the  angles  of 
the  stem. 

First  pair  ovate-elHptic,  obtuse, 
mucronately  serrate-dentate  on  the 
upper  half. 

Third,  fourth,  and  fifth  pairs 
elliptic,  obtuse,  mucronately  ser- 
rate-dentate on  the  upper  two- 
thirds. 

Ultimate  leaves  oblong- eUiptic, 
obtuse  or  acuminate,  nearly  smooth  on  the  upper  surface,  and  closely 
dotted  with  round  scales  beneath,  alternately  incurvinerved. 

Triosteum  pinnatifidum,  Maxim. 
Hypocotyl  4-8  mm.  above  the  soil. 

Cotyledons  broadly  oblong,  obtuse,  entire  with  a  prominent  ter- 
mmal  gland  or  sUghtly  emarginate,  petiolate,  conspicuously  reticu- 
lated, with  three  nerves  runriing  from  near  the  base  to  the  apex  of 
the  lamina,  Hght  green  above,  paler  beneath,  glabrous  ;  lamina 
1-1-8  cm.  long,  7-9  mm.  wide;  petiole  erect,  grooved  above, 
connate  at  the  base,  forming  a  cylinder  or  tube  round  the  stem. 

Stem  erect,  terete,  coarsely  hairy,  the  shorter  hairs  bearing 
orange-coloured  glands  ;  1st  internode  variable,  1-4-2  cm.  long. 

Leaves  exstipulate,  incurvuierved  and  prominently  reticulated, 
hairy  on  both  surfaces  ;  petiole  mnged,  owing  to  the  decurrent 
lamina,  slightly  connate  at  the  base,  channelled  above. 

First  and  second  pairs  lanceolate,  obtuse,  or  subacute,  mucro- 

nate. 


Fig.  426. — Viburnmn  punctatuvi. 
Half  nat.  size. 
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On  one  year  old  seedlings  the  leaves  are  broader  and  lanceolate 
to  elliptic;  some  of  them  are  rhomboid  and  deeply  trilobed  or 
cut  on  one  side  only  with  rounded  sinuses,  and  the  lateral  lobes 
ovate,  while  the  terminal  ones  are  broadly  triangular ;  base  much 
decurrent  on  the  shortened  petiole.  These  cut  leaves  also  appear 
irregularly  amongst  others,  both  above  and  below,  which  are  entire. 

Symphoricarpus  racemosus,  Michx. 

Ovary  of  four  carpels,  four-celled — two  cells  each  with  four  to 
five  aborted  ovules — the  other  two  each  with  a  solitary  pendulous 
anatropous  perfect  ovule ;  micropyle  superior,  close  to  the  hilum. 

Fruit  a  berry,  globose,  white,  surmomited  by  four  to  five  small 
teeth,  the  remains  of  the  calyx,  four-celled,  with  two  perfect  seeds. 

Seed  oval-oblong,  slightly  compressed  dorso-ventrally,  smooth, 
white  ;  testa  bony ;  tegmen  thin,  membranous,  pale  brown  ;  hilum 
near  the  base  (otherwise  the  upper  end  of  the  seed)  forming  a  shallow 
cavity ;  raphe  inconspicuous. 

Endosperm  and  embryo  as  in  Viburnum  ;  cotyledons  oblong - 
ovate  ;  radicle  cylindrical,  equal  to  the  cotyledons  in  length. 

Lonicera  Periclymenum,  L.,  var.  serotinum. 

Ovary  crowned  with  the  persistent  calyx,  of  two  to  three  carpels, 
two-  to  three-celled,  many-ovuled  ;  ovules  pendulous  from  the  apex 
of  the  cell,  anatropous  ;  micropyle  superior. 

Fruit  a  berry,  globose,  glabrous,  red  when  mature,  two-  to  three- 
celled  or  one-celled  by  the  destruction  of  the  septa,  few-seeded ; 
exocarp  and  endocarp  thin,  membranous  ;  mesocarp  pulpy. 

Seed  oblong,  plano-convex,  or  somewhat  biconvex,  obtuse  at 
each  end,  generally  broadest  at  the  apex,  often  appearing  obliquely 
notched  at  the  base  owing  to  the  hilum  being  slightly  lateral ;  testa 
pale  brownish-yellow,  thick,  crustaceous  ;  tegmen  thin,  membranous  ; 
micropyle  basal ;  raphe  and  chalaza  inconspicuous. 

Endosperm  copious,  fleshy,  almost  colourless,  split  down  the 
centre  a  considerable  way,  but  occupying  the  greater  part  of  the  seed. 

Evibryo  small,  straight,  embedded  in  the  endosperm  close  to  the 
base  of  the  seed  ;  cotyledons  oblong  or  ovate  ;  radicle  shortly  oblong, 
suddenly  narrowed  to  an  obtuse  point,  nearly  or  quite  as  long  as  the 
cotyledons. 

Lonicera  Mmiroi,  '}Hort.  (fig.  427), 

Primary  root  very  long,  wiry,  slender,  with  numerous  slender 
lateral  rootlets. 
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<tyl  erect,  terete,  glabrous,  slender,  purplish,  l-2-2*l  cm. 
long. 

Cotyledons    oblong-oval,  obtuse, 
entire  or  obsoletely  emarginate,  alter- 
nately nerved  witb  one  or  two  of  the 
lower  pairs  stronger  than  the  rest,  if 
one  pair  they  become  incurved  and 
unite  with  the  midrib  near  the  apex, 
while  if  two  pairs  are  strongly  de- 
veloped they  unite  about  the  middle 
of  the  cotyledon  and  then  proceed  to 
the  apex,  shortly  petiolate,  glabrous, 
subglaucous-green,  often  stained  be- 
neath with  purple ;  lamina  6-8  mm. 
long,  4-5  mm.  wide ;   petiole  chan- 
nelled above,  convex  on  the  back,  con- 
nate at  the  base  around  the  plumule, 
purphsh,  1-1-25  mm.  long,  cihate  at 
the  margm. 

Ste7n  erect,  terete,  thinly  hairy  or 
pubescent,  green  or  purphsh,  ulti- 
mately shrubby;  1st  internode  1*25- 
2  mm.  long  ;  2nd  1-75-6  mm. ;  3rd 
6-10  mm. 

Leaves  simple,  entire,  cauline,  op- 
posite, exstipulate,  petiolate,  young 
ones  densely  ciliate,  and  hau-y  on  both 
surfaces,  with  the  hairs  curved  or 
bent  towards  the  apex,  alternately  and 
incurvedly  penninerved,  the  nerves 
uniting  and  forming  a  series  of  large 
reticulations  towards  the  margin, 
glaucous-green  at  least  in  the  young 
state  ;  petioles  short,  grooved  above, 
subcarinate  or  merely  convex  be- 
neath, slightly  connate  at  the  base, 
more  or  less  hairy. 

First  and  second  pairs  small,  oval, 
obtuse,  suddenly  tapering  to  the  base. 

Tliird  and  forth  pairs  oval,  obtuse, 
often  cuspidate,  suddenly  tapering  to 
the  base,  somewhat  larger  than  those 

Fio.  427.-Wc«ra  M^mroi.      ^^^^^^  ^^^^^^ 
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Lonicera  media,  Mttrr. 

Hypocotyl  8-12  mm.  long,  stained  with  red. 

Cotyledons  subrotund  or  ovate-oblong,  obtuse,  emarginate,  peti- 
olate,  glabrous,  subglaucous-green,  distinctly  trinerved,  the  nerves 
with  numerous  branched  veuilets ;  when  emerging  from  the  seed 
some  appear  convolute,  others  not. 

Stem  erect,  terete,  herbaceous,  ultimately  woody  ;  1st  internode 
2-3  mm.  long. 

First  haves  entire,  oblong-lanceolate,  obtuse,  glabrous,  green, 
distinctly  pinnatinerved,  exstipulate  ;  petioles  short,  very  shallowly 
furrowed  on  the  upper  side. 


RUBIACEiE. 

Benth.  et  Hook.  Gen.  PI.  ii.  7. 

Fruit  and  Seed. — The  ovary  is  inferior,  crowned  by  a  disc, 
and  from  one-  to  ten-celled.  The  ovules  are  numerous,  twin, 
or  solitary  in  each  cell,  and  inserted  on,  or  immersed  in  the 
placentas,  or  concave  and  surrounding  them  as  in  Galium, 
erect,  ascending,  horizontal,  or  pendulous,  anatropous,  semi- 
anatropous  or  amphitropous.  The  fruit  is  baccate,  drupaceous, 
capsular  or  consists  of  dehiscent  or  indehiscent  cocci,  and 
varies  with  from  two  to  ten,  very  rarely  one  cell.  The  seed 
varies  greatly  in  size,  and  is  immersed  in  the  receptacle,  or  in 
pulp,  or  is  quite  free  with  a  membranous,  leathery,  crustaceous 
or  very  rarely  woody  testa  ;  it  is  however  sometimes  winged  or 
appendiculate.  Endosperm  is  usually  copious,  fleshy  or  horny, 
very  rarely  reduced  to  a  thin  layer  or  entirely  wanting  ;  it  is 
either  solid  or  ruminated.  The  embryo  varies  greatly  in  size, 
and  is  curved,  straight  or  clavate.  The  cotyledons  are  flat, 
or  semiterete,  ovate  or  cordate,  foliaceous,  with  a  terete  or 
clavate,  superior  or  inferior  radicle. 

There  are  several  distinct  types  of  seeds  in  the  Order. 
Exalbuminous  seeds  occur  in  species  of  Henriquezia,  Platy- 
carpum,  and  several  of  the  tribe  GuettardejB.  Euminated 
seeds  are  met  with  in  Coptosperma,  Galiniera,  Kutidea,  Poly- 
sphseria,  and  in  species  of  Psychotriea. 
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The  seeds  of  Gardenia  Thunhergia  vary  greatly  in  outline, 
hcing  oval,  ohlong,  orbicular  or  more  or  less  angled,  but 
always  much  compressed  and  surrounded  or  embedded  in  the 
pulp  of  the  baccate,  one-celled  fruit.   They  owe  their  shape  to 
mutual  compression  while  still  young.    The  embryo  is  about 
half  the  length  of  the  endosperm,  but  much  narrower,  with 
roundly  triangular  cotyledons  and  a  terete  radicle.  Genipa 
clusifefolia  (fig.  430)  also  belongs  to  this  type.    The  seeds  of 
Alberta  magna  (fig.  433)  are  oblong,  bluntly  trigonous  and 
conform  to  the  cells  of  the  ovary,  of  which  there  are  four, 
two  barren  and  two  fertile,  each  containing  a  single  ovule. 
The  embryo  nearly  equals  the  endosperm  in  length,  and  is 
situated  near  the  dorsal  aspect  of  the  seed.    The  cotyledons 
are  shortly  and  bluntly  ovate,  while  the  terete  radicle  is 
many  times  longer.    The  fruit  is  dry  and  surmounted  by  five 
very  unequal,  foliaceous,  coloured  sepals,  of  which  generally 
two  are  larger  than  the  rest,  trinerved,  reticulate,  and  rose- 
coloured  in  the  dry  state.    They  seem  to  assist  m  the  dis- 
persion of  the  fruit. 

In  two  widely  distinct  groups  of  plants  represented  by 
Ixora  and  Gahum,  the  seeds  are  deeply  concave  or  umbihcate 
on  the  ventral  aspect.    The  globular  drupaceous  frmt  of  Ixora 
congesta  (fig.  434)  is  two-celled  with  a  semiorbicular  seed  m 
each  cell  conforming  in  shape  to  the  cavity.    The  embryo  is 
curved  in  conformity  with  the  shape  of  the  comparatively 
thin  seed ;  but  in  other  respects  it  closely  resembles  that 
of  Gardenia  Thunbergia.    The  half-fruits  of  Galium  Aparme 
(fig  439)  and  G.  saccharatum'  (fig.  441)  are  subglobular  and 
deeply  concave.  The  embryo  is  embedded  in  the  copious  horny 
endosperm,  close  to  the  ventral  aspect.     The  pericarp  of 
G.  Aparine  is  dry,  membranous  and  thm,  while  that  of  G. 
saccharatum  consists  of  a  dense  layer  of  dry  corky  uberc  es 
The  embryo  of  the  latter  is  considerably  narrower  than  that 
of  the  former  ;  and  this  circumstance  seems  to  have  reference 
to  the  mode  of  exit  of  the  respective  embryos  durmg  ger- 

'^'''a  fourth  type  of  seed  is  represented  by  that  of  Coffea 
arabica.  The  fruit  is  oblong,  drupaceous,  and  two-celled  with 
each  cell  one-seeded.    The  seed  is  large,  oblong,  plano-convex, 
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corresponding  in  outline  to  one  half  of  the  fruit,  and  has  a 
hard  crustaceous  testa.  When  mature,  it  shows  a  longi- 
tudinal slit  or  furrow  in  the  middle  or  a  little  to  one  side  of 
the  ventral  face.  A  transverse  section  of  the  seed  shows 
that  it  grows  much  too  wide  for  the  cavity  of  the  fruit, 
and  becomes  strongly  infolded  longitudinally  with  its  lateral 
edges  meeting  on  the  ventral  aspect.  The  embryo  is  like  that 
of  Gardenia  Thunbergia  and  is  located  on  the  dorsal  aspect  at 
the  lower  end  of  the  seed,  with  the  radicle  inferior  as  in  the 
species  of  Galium  and  Ixora. 

Seedlings. — There  are  many  differences  in  matters  of 
minor  detail  in  seedlings  of  this  Order  ;  but  the  prevailing  type 
of  cotyledon  is  ovate  and  three-  to  five-nerved,  while  broadly 
ovate-triangular  and  elliptic  forms  may  be  considered  as  modi- 
fications. Those  observed  may  be  conveniently  classified  into 
four  groups  according  as  the  species  are  herbaceous  with  ovate 
cotyledons;  shrubby  with  ovate  and  generally  larger  coty- 
ledons ;  thirdly,  have  more  or  less  elliptic  cotyledons  ;  and, 
fourthly,  orbicular  or  transversely  oblong  cotyledons.  The 
first  type  is  well  represented  by  Eubia  cordifolia  (fig.  438). 
The  cotyledons  are  ovate,  five-nerved,  and  petiolate.  The 
first  pair  of  leaves  are  ovate-cordate,  three-  to  five-nerved,  and 
the  stipules  are  similar  but  smaller,  with  less  conspicuous 
venation.  Galium  tenuissimum  has  similar,  but  very  small 
cotyledons,  and  the  first  three  pairs  of  leaves  are  obovate  and 
similar  to,  but  slightly  larger  than,  their  stipules.  Crucian- 
ella  aegyptiaca  (fig.  443)  differs  from  the  last  named  in  the 
cotyledons  being  larger  and  emarginate.  The  first  pair  of  leaves 
are  lanceolate,  and  the  four  succeeding  pairs  linear-subulate 
with  similar  stipules.  The  seedhng  of  Galium  Aparine  is 
almost  as  vigorous  as  that  of  Eubia  cordifolia,  but  the  coty- 
ledons differ  in  being  broadly  oblong-ovate,  trinerved,  and 
emarginate.  The  broad  cotyledons  emerge  from  the  thin-walled 
fruit  by  the  sphtting  of  the  latter  after  the  endosperm  has 
been  absorbed ;  the  emargination  is  sometimes  quite  evident 
as  soon  as  tbey  have  escaped  from  the  seed,  but  as  a  rule  it 
is  not  noticeable  till  later ;  it  is  due  to  the  more  rapid 
growth  of  the  sides  as  compared  with  the  apex  where  the 
water-pores,  or  at  least  the  principal  ones,  are  situated.  Tbe 
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increase  in  size  that  takes  place  after  germination  is  shown 
at  fig.  440,  representing  the  exact  nature  of  the  venation  in  a 
bleached  specimen.  The  lateral  nerves,  at  first  close  to  the 
margin  all  round,  are  ultimately  distant  from  it.  Galium 
saccharatum  (fig.  442)  differs  remarkably  from  its  congeners 
and  others  in  this  group,  in  having  linear-oblong  emarginate 
cotyledons.  The  venation  (fig.  442,  B),  drawn  from  a  bleached 
specimen,  is  strikingly  different  from  that  of  G.  Aparine,  a 
fact  apparently  due  to  growth  in  the  basal  portion  of  the 
lamina  subsequent  to  germination.  The  narrowness  of  the 
lamina  is  necessary  to  facihtate  the  escape  of  the  embryo 
from  the  narrow  opening  of  the  fruit,  which  has  a  thick  warted 
and  cortical  pericarp  as  above  mentioned. 

The  shrubby  type  is  represented  by  Kandia  Musssendae 
(fig.  428)  having  large  ovate  cotyledons  tapermg  to  the  base, 
with  a  penninerved,  incurved  venation  resembling  that  of 
the  leaves,  the  first  pahr  of  which  are  elliptic.  Leptodermis 
lanceolata  conforms  pretty  closely  to  this  type,  and  an  un- 
named species  of  Psychotria  (fig.  437)  differs  chiefly  in  the 
cotyledons  bemg  shorter,  broader,  and  almost  truncate  at 
the  base.    The  latter  also  furnishes  a  remarkable  instance  of 
the  ijresence  of  stipules  to  the  cotyledons.    The  first  two 
pairs  of  leaves  are  elhptic,  and,  like  the  cotyledons,  have 
incurved  nerves.    Coffea  arabica  (fig.  436)  has  roundly  ovate 
strongly  trinerved  and  reticulate  cotyledons,  larger  than  any 
others  of  the  Order  coming  under  my  notice.     The  first 
four   pans  of  leaves  are  lanceolate-elhptic.     Ixora  parvi- 
flora  has  roundly  triangular  cotyledons  with  a  cordate  base 
and  very  prominent  venation.    As  amongst  the  herbaceous 
types,  so  here  we  have  a  strong  divergence  from  the  usual 
form.    The  cotyledons  of  Plectronia  ventosa  are  linear-oblong, 
obtuse,  penninerved,  sessile,  and  leathery  like  the  leaves. 
The  two  first  leaves  are  ovate.    Another  exceptional  mstance 
occurs  in  Kudgea  Hostmani  which  has  broadly  reniform  cotyle- 
dons, but  in  the  specimen  noted  they  were  evidently  malformed. 
The  first  pair  of  leaves  are  oblong  ;  the  second  broader. 

A  few  constituting  a  third  group  have  elliptic  cotyledons. 
Taking  Genipa  clusiffifolia  (fig.  432)  as  a  type,  it  will  be  seen 
that  the  cotyledons  possess  no  very  marked  characters  separat- 
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ing  this  from  the  last  group,  and  while  still  in  the  seed  and  in 
the  course  of  germination  they  are  strictly  ovate.  After 
leaving  the  testa  they  elongate  or  become  cuneate  at  the  base 
and  are  then  broadly  oval  or  elliptic  and  trinerved.  They 
are  remarkable  although  not  unique  in  being  stipulate  like  the 
species  of  Psychotria  above  mentioned.  While  the  cotyledons 
are  still  in  the  germinating  seed  (fig.  431)  the  stipules  form 
minute  protuberances  covered  with  unicellular  hairs.  After 
germination  and  while  the  cotyledons  are  still  broadly  ovate, 
the  stipules  enlarge,  and  although  still  very  small  they 
serve  to  protect  the  plumule  lying  as  a  little  bud  between 
them.  A  more  marked  type  is  represented  by  Morinda 
tinctoria,  the  cotyledons  of  which  are  broadly  elliptic  and 
penninerved  with  ascending  nerves  as  happens  more  com- 
monly in  true  leaves.  The  first  pair  of  the  latter  in  this  case 
are  linear-lanceolate  and  many  times  narrower  than  the  coty- 
ledons. Pavetta  speciosa  may  also  be  placed  here.  The 
cotyledons  are  penninerved  and  stipulate  ;  and  the  two  first 
pairs  of  leaves  are  oblong,  tapering  at  the  base.  A  fourth 
type  includes  those  species  having  orbicular  or  transversely 
oblong  cotyledons.  An  herbaceous  type  is  represented  by 
Sherardia  arvensis  (fig.  444)  having  orbicular  entire  tri- 
nerved cotyledons.  The  leaves  closely  correspond  to  those  of 
Galium ;  the  first  pair  are  obovate,  with  smaller  but  similarly 
foliaceous  stipules.  In  the  next  two  whorls  the  leaves  and 
stipules  more  nearly  approximate  in  size,  and  there  are  only 
two  stipules.  As  the  plant  assumes  the  adult  form,  the  leaves 
become  lanceolate  and  each  pair  possesses  two  pairs  of  stipules 
similar  to  themselves,  making  a  whorl  of  six.  Pavetta  mada- 
gascariensis  (fig.  435)  is  a  shrubby  type  with  transversely 
oblong  or  suborbicular  cotyledons  and  triangular  interpetiolar 
stipules.  The  two  first  pairs  of  leaves  are  elliptic-oblong.  The 
cotyledons  of  Gardenia  globosa  are  similar  and  trinerved,  and 
the  first  three  pairs  of  leaves  are  oblong,  obtuse,  and  more 
or  less  pubescent.  In  Gardenia  Thunbergia  (fig.  429)  the 
cotyledons  are  obovate,  emarginate  and  penninerved.  The 
first  five  pairs  of  leaves  are  obovate,  penninerved  and  tapered 
to  the  base.  The  ultimate  ones  are  lanceolate-elliptic, 
attenuated  at  the  base  and  opposite,  or  in  whorls  of  three. 


64 


ON  SEEDLINGS 


Randia  Musssendse,  DC.  (fig.  428). 

Hypocotyl  woody,  erect,  terete,  pubescent,  pale  green,  about 
1-4  cm.  above  the  soil. 

Cotyledons  large,  foliaceous,  ovate,  rounded  at  the  apex,  tapering 
to  the  base,  alternately  penninerved,  but  most  conspicuously  on  the 
lower  half,  glabrous,  coriaceous  but  thin,  deep  green  and  shining 

above,  paler  beneath, 
2"1  cm.  long,  1-5  cm. 
wide. 

Stem  woody,  erect, 
terete,  pubescent, 
pale  green ;  1st  inter- 
node  1"2  cm.  long. 

Leaves  simple,  en- 
tire, cauline,  oppo- 
site, stipulate,  shortly 
petiolate.bright  green 
and  shining  above, 
thinly  pubescent,  ci- 
liate,  paler  beneath 
and  thinly  pubescent 
on  the  nerves,  alter- 
nately penninerved ; 
stipules  interpetiolar,  united  and  forming  one  subulate,  attenuate 
piece  between  each  pair  of  leaves ;  petioles  flattened  above,  convex 
beneath,  thickened  at  the  base,  very  short,  pubescent. 

First  pair  lanceolate,  subacute,  tapermg  most  at  the  base. 

Gardenia  Thunbergia,  L.  fil 

Fruit  baccate,  globose  or  elhpsoid,  ultimately  more  or  less  cortical 
externally  when  dry,  and  crustaceous  internaUy  or  somewhat  bony, 
one-ceUed,  many-seeded,  indehiscent ;  placentas  ultimately  forming 
a  pulpy  mass  m  which  the  seeds  are  embedded. 

Seed  oblong,  oval,  or  orbicular,  variously  and  obtusely  angled, 
thin,  much  compressed  and  more  or  less  flattened  on  both  sides,  or 
turgid  or  convex  on  one  side  and  flattened  on  the  other,  immersed 
in  pulp,  and  comparatively  large,  G-7  mm.  long,  4-5-5  mm.  broad, 
and  1-2  mm.  thick  in  a  dried  state  ;  testa  thin,  membranous,  pale 
brown  or  whitish  ;  hilum  and  micropyle  basal,  contiguous. 

E?ifZosi)erw copious, horny,  almost  colourless,  and  subtransparent. 

Embnjo  straight,  colourless,  about  half  the  length  of  the  seed, 
but  several  times  narrower;  cotyledons  rotund  -  triangular,  very 
obtuse  and  rounded  at  the  apex,  flat  or  nearly  so,  closely  applied 


Fig.  428.-  Randia  Musscsndw.    Nat.  size. 
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face  to  face  and  thin,  lyuag  in  the  broader  plane  of  the  seed  and 
consequent!)'  horizontal  to  the  base  of  the  fruit ;  radicle  terete, 
suddenly  narrowed  to  an  obtuse  point  towards  the  micropyle  and 
close  to  the  hiluni,  rather  longer  than  the  cotyledons. 

Seedling  (fig.  429). 

Hypocotyl  erect,  terete, 
soon  becoming  woody,  1"4 
cm.  above  the  soil. 

Cotyledons  large,  foli- 
aceous,  obovate,  emargin- 
ate,  tapering  to  a  narrow 
subpetiolate  base,  and 
clasping  the  stem  between 
them,  about  2"5  cm.  long, 
1"2  cm.  wide. 

Stem  woody,  erect,  te- 
rete, pubescent,  afterwards 
becoming  glabrous  or  near- 
ly so,  bright  green  and 
afterwards  grey  when  the 
epidermis  becomes  torn 
longitudinally ;  1st  inter- 
node  imdeveloped ;  2nd 
2-5  cm.  long  ;  3rd  1-3  cm. ; 
4th  9  mm. ;  5th  1-1  cm. 

These  lengths  vary  with 
the  specimen.  Another 
stem  measured  :  1st  inter- 
npde  undeveloped  ;  2nd  8 
mm.  long;  3rd  1-6  cm.  ; 
4th  1-65  cm. ;  5th  1-25  cm. ; 
9th  2-5  cm. 

Leaves  opposite  or  ua  whorls  of  three,  frequently  undulate,  but 
quite  entire,  penninerved  with  alternate,  ascending  nerves,  deep 
green  above  and  glabrous,  but  scabrous  at  the  margins  and  on  the 
midrib,  shining,  paler  beneath  and  shining,  scabrous  on  the  nerves 
with  a  white  midrib  prominent  on  both  surfaces  ;  petioles  very  short 
and  thickened  at  their  insertion  ;  tufts  of  hairs  in  the  axils  of  the 
leaves  ;  stipules  mterpetiolar,  closely  clasping  the  stem,  and  forming 
a  sheath  which  sphts  somewhat  irregularly  on  one  or  two  sides 
ihe  latter  are  not  very  conspicuous,  and  I  see  that  the  artist  has 
unfortunately  overlooked  them. 

II. 


Pig.  429. — Gardenia  Thunbefgia. 
Nat.  size. 

6th  1-6  cm. ;  7th  2-2  cm. :  8th  2 


cm. 
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Lower  leaves  oblanceolate,  obtuse,  tapering  much  to  the  base ; 
those  about  the  eighth  or  ninth  pair  or  whorl  lanceolate-elliptic,  ob- 
tuse, undulate  at  the  margin  especially  in  the  upper  part  of  the  leaf, 
tapering  very  much  towards  the  base  with  straight,  even  margins. 

Ultimate  leaves  generally  in  whorls  of  three,  and  most  frequently 
one  or  two  are  much  smaller  than  the  third.  Large  leaves  lanceo- 
late-eUiptic,  much  narrowed  to  both  ends,  or  broadly  elliptic,  sub- 
rhomboid  and  suddenly  narrowed  to  both  ends,  obtuse  or  acute, 
deep  green  and  shining,  margins  much  undulated. 

Genipa  clusi«folia,  Griseb.  (figs.  430,  431). 

Fruit  baccate,  fleshy,  ovoid,  with  a  thick  or  corky  pericarp,  and 
the  numerous  seeds  embedded  in  pulp. 

Seed  very  much  flattened  and  rather  thin,  suborbicular  or 
variously  angled,  albuminous ; 
testa  pale  brown,  thin,  subtrans- 
parent  as  well  as  the  endosperm, 
and  showing  the  outhne  of  the 
embryo  very  distinctly  when  the 
seed  is  held  up  to  the  hght ;  raphe 
forming  a  black  line  running 
round  the  edge  of  the  seed. 

Embryo  comparatively  large, 


Fio.  430. — Genipa  clusiafolia,  x  2^. 

A,  longitudinal  section  of  seed  :  Bn, 
endosperm;  C, cotyledon;  B, radicle. 

B,  transverse    section    of    seed  : 

C,  cotyledons. 


F  G.  431. — Gisnipa  clusiafolia.  Germinat- 
ing seedling  with  side  of  seed  and  one 
cotyledon  removed,  x4:  £>i,  endosperm ; 
T,  testa;  Si, little  protuberance  covered 
with  unicellular,  blunt  hairs ;  G,  ground 
line. 


and  about  a  third  the  length  of  the  seed,  colourless;  cotyledons 
roundly  cordate,  closely  adpressed  to  one  another,  lymg  m  the 
broader  plane  of  the  seed,  trinerved  with  a  promment  midnb, 
situated  towards  the  micropylar  end  of  the  seed,  surrounded  by 
endosperm,  with  their  basal  edges  towards  the  hilum  ;  radicle  about 
equal  to  the  cotyledons  in  length,  terete,  obtuse,  slightly  stouter 
where  the  cotyledons  are  inserted. 
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Seedling  (fig.  432). 

Hypocotyl  erect, 
terete,  minutely  sca- 
brous, pale  brownish, 
l*8-2*4  cm.  above  the 
soil. 

Cotyledons  ovate 
or  obovate-elliptic,  ob- 
tuse, entire,  shortly 
petiolate,  tapering  in- 
to  the   petiole,  tri- 
nerved  from  the  base, 
with  the  lateral  nerves 
incurved  and  uniting 
with  the  midrib  at 
its  apex,  with  altern- 
ate, incurved  nerves 
between,  coriaceous, 
shghtly   revolute  at 
the  margins,  glabrous, 
deep    green  above, 
paler    beneath,  and 
shining  on  both  sur- 
faces; lamina  l'5-l-65 
cm.  long,  1-1-2  cm. 
wide ;  petiole  flattened 
above,  1-2  mm.  long  ; 
stipules  interpetiolar, 
united  into  one  ovate, 
acute  piece,  colourless 
and  subscarious. 

Stem  erect,  terete, 
ultimately  woody, 
densely  pubescent ; 
Istinternode  1-2  mm. 
long ;  2nd  shorter. 

Leaves  entire, 
shortly  petiolate  or 
subsessile,  decussate, 
somewhat  leathery, 
bright  green  and  shin- 
ing above,  glabrous, 


'°'  clusicBfoUa 
Nat.  size. 

F  2 
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except  a  band  along  the  margin,  appearing  reticula  e  by  trans- 
mftted  light;  petioles  very  short  or  almost  none;  stipules  xnte  - 
petSlar,  fub;iate-ovate.  acute,  the  hairs  united  in  one  piece,  pale 

^'TirsTanfsecond  pairs  oblong-lanceolate,  mucronate,  subacute, 
entire,  revolute  at  the  margin. 

Alberta  magna,  E.  Mey.  (fig.  433). 

Fruit  two-celled,  each  cell  one-seeded,  or  sometimes  empty, 
drv  woody,  indehiscent,  oblong,  ten-ribbed,  surmounted  by  the  per- 
sfjt'ent  calyx,  two  to  four,  generally  two,  segments  o  which  become 
ereaSy  enl  ged,  leaf-like,  and  coloured  (rose  m  the  dry  state), 
fnCed  calyx-lobes  unequal,  trinerved  and  much  reticulated 
:l  ?he  threl  primary  nerves  running  downjh^^^^^^^^  forming  as 

C  while  the  three  small 

calyx-lobes  have  a  pro- 
minent midrib, but  nearly 
obsolete  lateral  ones. 

Seed  oblong,  rather 
slender,  conforming  to 
the  cavity  of  the  ovary, 
albuminous;  endosperm 
_  fleshy,  dirty- white,  occu- 

^,rm-Albertamagna.  A,  f ruit, nat.  size  :  ^  and   pying  the  greater  partof 

^^'^.iti::^'^:^^^^         -d;    testa  thin 
St        PC  pericLp;  r:testa;  JJ,^  adhering   to    a  fleshy 

IZ^yo;        endospe.^;  y^^^^^S^  layer  of  the  endosperm. 

T^i:i-'ti^i^-,  C'cotjedon;  En,  endo-    ^^^^  endosperm. 

sP®"^-  but  thin  and  occupying 

onlv  a  very  small  portion  of  it,  straight,  colourless  ;  radicle  terete 
blunt  Tghtly  thickened  at  the  apex,  pomting  to  the  upper  end  of 
the  seed  with  its  tip  just  within  the  endosperm,  seyera  times  longer 
^an  thertyledons  which  are  shortly  and  very  bluntly  ovate,  flat, 
than  the  cotyie       ,  embedded  m  the  endosperm 

tZ  lTZli  i^ZZ  the  tai,  and  therefore  in  the  slight., 

broader  plane  of  the  seed. 

Plectronia  ventosa,  L. 

,,1  ovPft  terete  glabrous,  2-5-8  cm.  long,  green. 
?S  t  lta«Mo'n|,  obtuse,  entire    coriaceous,  sessile, 
gLbrotshinlng  green,  penninerved  like  the  leaves. 
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Sim  erect,  terete,  hairy,  herbaceous;  1st  internode  1-5-8  mm. 
long. 

First  leaves  ovate-lanceolate,  obtuse,  acuminate,  shortly  petio- 
late,  exstipulate,  with  a  few  scattered  hairs,  shiny  green,  distinctly 
and  alternately  penninerved. 

Ixora  parviflora,  Vahl. 

Hypocotyl  very  firm,  2-5  cm.  long,  1  mm.  thick,  terete,  glabrous, 
purphsh-red. 

Cotyledons  unequal,  with  connate,  rather  short  petioles,  1*2- 
1'6  cm.  long,  and  1'5-1"8  cm.  wide  ;  lamina  horizontal,  obtusely 
triangular  or  oblate,  cordate  at  base,  very  obtuse  at  apex,  entire, 
palmatinerved,  with  copious  anastomosing  veins,  glabrous,  coria- 
ceous, dark  shining  green  above,  paler  beneath. 

Stevi  very  short,  pubescent  at  first,  marked  with  red  striae. 

Leaves  shortly  petiolate  or  subsessile,  alternately  incurvinerved, 
coriaceous,  evergreen,  deep  green  above,  paler  beneath  ;  stipules 
interpetiolar,  connate,  with  a  broad  base,  and  an  acute,  more  or  less 
acuminate  point. 

First  pair  subsessile,  1-1'5 
cm.  long,  and  about  6  mm.  wide, 
spathulate-obovate,  penninerved. 

Second  pair  remaining  very 
minute  for  a  long  time  after  the 
unfolding  of  the  first. 

Ixora  congesta,  Hoxb.  (fig. 


A 


434). 

Ovary  two-celled,  two-ovuled ; 
ovules  peltate,  amphitropous  ;  mi- 
cropyle  inferior. 

Fr^dt  baccate,  subdidymous 
when  both  carpels  are  fertiUsed 
and  come  to  maturity,  but  globose 
if  only  one  is  fertihsed  and  perfect, 
glabrous,  one-  to  two-celled  and 
one-  to  two-seeded  ;  endocarp  hard 
and  tough,  convex  or  rounded  dorsally,  concave  with  an  orbicular 
ventral  orifice,  pale  brown,  marked  with  darker  spots ;  mesocarp 
fleshy  ;  epicarp  dark  purple  or  black. 

Seed  conforming  to  the  endocarp,  rounded  on  the  back,  deeply 
concave  on  the  ventral  aspect  at  its  insertion  on  the  placenta,  and 
peltate,  glabrous  ;  testa  thin,  membranous  ;  hilum  forming  a  large 


Fig.  i3i.~Ixora  congesta.  A,  longi- 
tudinal section  of  seed,  x8:  E,  em- 
bryo; E71,  endosperm;  H,  liilum. 
B,  embryo,  x  8. 
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peltate  disc,  covering  over  the  concavity  of  the  seed ;  micropyle 
inferior. 

Endosperm  copious,  cartilaginous  and  very  hard  when  dry. 

Embryo  central  in  the  endosperm,  curved  longitudinally  and 
also  transversely  in  conformity  with  the  shape  of  the  seed ; 
cotyledons  triangular-ovate,  obtuse,  entire,  thin ;  radicle  cyhndncal, 
obtuse,  pomting  to  the  micropyle  at  the  lower  side  of  the  hilum, 
longer  than  the  cotyledons. 

Pavetta  madagascariensis,  ?  Awci.  (fig.  435). 
Hyvocotyl  woody,  erect,  terete,  glabrous,  scabrous,  pale  green, 

1-1-5  cm.  above  the  soil. 

Cotyledons  semiorbicular  or 
oblate,  entire,  glabrous,  shinmg, 
coriaceous,  horizontal,  petiolate, 
penninerved ;  lamuia  I'l  cm.  long, 
1-5  cm.  wide;  petiole  2  mm.  long, 
flattened  above,  convex  beneath  ; 
stipules  short,  triangular,  acute, 
interpetiolar. 

Stem  woody,  erect,  terete,  pubes- 
cent, scabrous,  green  ;  1st  intemode 
6  mm.  long  ;  2nd  3  mm. 

Leaves  entire,  glabrous,  shinmg, 
deep  green  above,  paler  beneath, 
alternately  penninerved,  coriaceous ; 
stipules  interpetiolar,  ovate,  acute, 
connate  in  one  piece. 
First  and  second  pairs  elHptic oblong,  obtuse. 

In  Pavetta  speciosa  the  cotyledons  are  rotund- cuneate  ;  lamina 
1  cm.  long,  1-1  cm.  wide. 

Coffea  arabica,  L.  (fig.  436). 

Primary  root  a  long  taproot,  woody,  with  a  great  many  branched , 
greyish,  fibrous  lateral  rootlets. 

Hvpocotyl  woody  after  a  time,  about  6  cm.  long,  2-3  mm.  hick 
round,  with  a  greyish-brown  coriaceous  rind  bursting  open  m  broad 
longitudinal  fissures,  and  showmg  the  green  layer  below 

Cotyledons  sessile,  frequently  three  m  number,  about  3  5  cm.  long, 
4-5  cm  wide,  oblate,  apex  obtuse,  margm  smuate,  ^^^^  ^^'^  ^^^^^^ 
nerves  and  distinctly  reticulate,  coriaceous,  glabrous  and  shimn, 
on  both  sides,  dark  green  above,  paler  beneath. 


Fig.  iB5.— Pavetta  madagascariensis 
Nat.  size. 
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Ste^n.— 1st  and  2Dd  internodes  2  cm,  long,  resembling  the 
hypocotyl. 

Leaves  entire,  lanceolate-elliptic,  alternately  incurvinerved  and 
reticulate,  glabrous,  evergreen,  subcoriaceous,  deep  green  above, 
paler  beneath  ;  petioles  very  short,  flattened  above  ;  stipules  inter- 
petiolar,  connate,  very 
persistent,    with  a 
broad  base  and  one 
or  both  tips  free  and 
more  or  less  acumi- 
nate, closely  applied 
to  the  stem. 

Morinda  tinctoria, 
Boxb. 

Hypocotyl  erect, 
flattened,  glabrous, 
short,  about  5  mm. 
long,  hght  green  or 
almost  colourless. 

Cotyledons  ob- 
tusely ovate,  glabrous, 
shortly  petiolate,  about 
1"5  cm.  long  by  1 
cm.  wide,  duU  green, 
entire ;  midrib  with 
numerous  ascending 
veinlets,  as  in  the 
leaves. 

Stevi   herbaceous,  436.— Co/ea  arabica.   Half  nat.  size, 

erect,  quadrangular, 

ultimately  woody,  glabrous,  hght  green  ;  Istinternode  1-2  mm.  long. 

Leaves  entire,  linear,  acute,  shortly  petiolate  or  subsessile,  with 
connate  interpetiolar  stipules,  glabrous,  dark  green  above,  lighter 
below  ;  midrib  prominent  with  ascending  veinlets. 

Psychotria  sp.  (fig.  437). 

Primary  root  long,  tapering,  much  branched. 

Hypocotyl  erect,  terete,  2-5-8'5  cm.  long,  glabrous. 

Cotyledons  broadly  ovate,  obtuse,  petiolate,  alternately  incurvi- 
nerved, somewhat  coriaceous,  glabrous,  shming,  stipulate  ;  lamina 
9-12  mm.  long,  9-11  mm.  wide  at  the  base  ;  petiole  flattened  above, 
3  mm.  long  ;  stipules  interpetiolar  and  united  so  as  to  form  one  ovate. 
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acuminate  piece  between  each  petiole,  soon  becoming  dry,  brown, 
and  scarious. 

Stem  erect,  and  in  the  seedling  stage  at  least  having  ridges 
running  downwards  from  the  base  of  the  interpetiolar  stipules. 

Leaves  opposite,  decussate,  alternately  incurvinerved,  subcori- 
aceous,  shining,  deep  green  above,  paler  beneath,  shortly  petiolate ; 

stipules    interpetiolar,  sub- 
scarious. 

First  and  second  pairs  of 
leaves  ovate,  obtuse,  entire. 

Rubia  cordifolia,  L.  (fig. 
438). 

Primary  root  tapering 
downwards,  flexuose,  with 
numerous  lateral  rootlets, 
orange-red. 

Hypocotyl  erect,  terete, 
glabrous,  minutely  scaberu- 
lous, yellowish,  3-3-5  cm. 
long. 

Cotyledons  ovate,  obtuse, 
entire,  trinerved  fifom  the  base 
or  sometimes  five-nerved,  with 
the  two  stronger  laterals  in- 
curved and  uniting  with  the 
midrib  near  the  apex  of  the 
lamina,  reticulate,  glabrous, 
petiolate,  Hght  green  or  stained 
with  dull  red ;  lamina  l'4-l-65 
cm.  long,  9-10-5  mm.  wide ; 
petiole  semiterete,  channelled 
above,  minutely  pubescent  at 
the  edges,  or  scaberulous, 
glandular  at  the  base  and 
slightly  connate,  4-5  mm. 
long. 

Stem  erect  in  the  seedlmg 
stage,  ultimately  climbing,  herbaceous,  rather  acutely  quadi-angular 
with  transparent  cartilagmous  edges,  glabrous,  shmmg,  green ;  1st 

internode  2-2-5  cm.  long.  .      •      i  i 

Leaves  opposite  (described  in  '  Genera  Plantarum  as  in  whorls 
of  four,  rarely  six),  three-  to  five-nerved  like  the  cotyledons,  ob- 


Fio  437. — Psychotria  sp.    Nat.  size. 
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scurely  reticulate,  thinly  pubescent  above,  with  short  hairs  directed 
towards  the  apex,  less  so  beneath,  and  glabrescent  when  old 
stipules  similar  to  the  leaves  but  smaller,  at  least 
in  the  early  stage ;  petioles  short,  semiterete, 
slightly  tapered  upwards,  channelled  on  the  upper 
side,  shghtly  scaberulous  with  short  hairs,  and  an 
infcerpetiolar  transverse  line  of  hairs  or  small 
bristles. 

First  pair  of  leaves  ovate,  obtuse,  cordate  at 
the  base,  three-  or  less  distinctly  five-nerved ; 
stipules  similar  but  much  narrower  and  less  dis- 
tinctly nerved,  petiolate,  cordate  at  the  base. 

Galium  Aparine,  L.  (figs.  439,  440). 

Fruit  didymous,  densely  covered  with  hooked 
prickles,  indehiscent,  falling  away  in  two  separate 
pieces. 

Seed  subglobose,  ventrally  attached  and  peltate, 
with  a  deep  round  hollow  on  the  ventral  aspect       ^i*'-  ^^8. 
caused  by  the  indentation  of  the  testa,  dark  brown  ^nlliultlSt' 
or  black,  finely  reticulate ;  raphe  ventral  in  the 
interior  of  the  cavity ;  radicle  inferior,  close  to  the  edge  of  the 
cavity. 

Endosperm  copious,  pale  subtransparent  white,  horny. 

Embryo  curved  and  reaching  from  the  micropyle  near  the  outer 
edge  of  the  ventral  cavity  for  about  three-quarters  the  distance  to 
the  other  side,  colourless,  embedded  in  the  endosperm  ;  cotyledons 
oblong-ovate,  obtuse,  emarginate,  covered  on  the  upper  surface  with 
clear  colourless  or  crystaUine  points  or  prickles  directed  towards  the 
apex,  trinerved  at  the  base  with  stronger  lateral  nerves  upwards, 
all  of  which  are  incurved,  the  basal  ones  uniting  with  those  above 
them,  which  then  converge  and  unite  in  the  apical  sinus. 

During  germination  the  endosperm  is  absorbed,  and  the  coty- 
ledons mcreasing  at  the  same  time  fill  the  internal  cavity  of  the 
seed ;  the  radicle  pushes  its  way  into  the  soil  where  it  throws  out 
lateral  rootlets  ;  the  hypocotyl  is  the  first  to  appear  above  ground 
and  pulls  the  now  largely  developed  cotyledons  out  of  the  soil, 
without  the  testa  if  the  seed  is  buried  sufficiently  deep,  other- 
wise the  testa  is  carried  up  on  their  tips.  The  cotyledons  were 
folded  over  the  large  indented  process  of  the  pericarp,  and  are  thus 
necessarily  concave,  the  emarginate  apex  abuts  on  the  upper  side 
of  the  same  indentation,  and  they  are  undulated  or  crisped  in  the 
middle  owing  to  the  resistance  at  their  apex  and  base.    The  testa 
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and  pericarp  at  the  latter  place  finally  give  way  and  the  cotyledons 
are  drawn  out. 

Galium  saccharatum,  All.  (fig.  441). 

Fruit  deeply  bilobed,  almost  separated  into  two  pieces,  two- 

A  B 


Fig.  iS9.— Galium  Aparine.  A,  longitudinal  section  of  seed,  x  8: 
TO,  micropyle ;  t,  testa ;  pc,  pericarp ;  e,  embryo ;  p,  endosperm. 
B,  transverse  section,  x  8. 


Fig.  m.-Galium  Aparine,  x  2.    A,  young  seedling    B  the  same,  a  few 
days  older.  .  (Bleached  to  show  venation.) 

celled,  two-seeded,  indehiscent ;  pericarp  densely  covered  with  corky 

tubercles  w^i^jj  i 
Seed 'adhering  to  the  pericarp,  convex  on  the  back,  deeply 
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hollowed  on  the  ventral  aspect ;  testa  thui,  membranous ;  hilum  on 
the  middle  of  the  concave  ventral  aspect. 
Endosperm  abundant,  horny. 

Embryo  cm:ved,  following  the  convexity  of  the  hollow  with 
the  greater  part  of  the  endosperm  towards  the  periphery,  and 
only  a  thin  layer  between  it  and  the  inner  or  ventral  aspect  of  the 
seed,  colourless,  and  three-quarters  the  length  of  the  seed  ;  coty- 
ledons linear,  obtuse  ;  radicle  inferior,  curved  round  nearly  but  not 
quite  to  the  edge  of  the  concavity. 

A  B 


Fig.  iil.— Galium  saccharatwm.    A,  longitudinal  section  of  seed  x  8 
c,  cotyledons;  r,  radicle.    B,  transverse  section  of  seed,  x8:  c  coty- 
ledons.   C,  germinating  seedling,  x  4.  •    >  j 

Seedling  (fig.  442). 

Primary  root  long,  tapering,  fibrous,  annual,  yellow  with  red- 
dish  lateral  rootlets. 

Hypocotyl  erect,  terete,  scabrid  with  short  deflexed  prickles,  pale 
green,  about  1-85  cm.  long. 

Cotyledons  Unear,  obtuse,  minutely  emarginate,  margin  with 
minute  deflexed  prickles,  surface  glabrous,  tapered  to  the  base,  2-1  cm 
long,  4  mm.  wide.    Three  to  five  buds  are  ultimately  developed  in 
the  axils  of  the  cotyledons. 

Stem  herbaceous,  annual,  erect,  ultimately  climbing  by  means 
of  the  minute  prickles,  quadrangular,  with  minute  deflexed  prickles 
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on  the  angles,  swollen  at  the  nodes;  1st  internode  1-6  cm.  long; 
2nd  5  mm. 

Leaves  opposite  or  verticillate,  narrowed  to  a  short  petiole, 
cihate  at  the  margin  with  minute  prickles  directed  towards  the  apex, 


B,  cotyledons  from  a  Bl>g»gy  S^;,^^^^^^^^^^^^^  size. 


RUBIACE.E 


77 


light  rather  opaque  green ;  petioles  very  short,  channelled  above, 
subcarinate  beneath  ;  stipules  interpetiolar,  similar  to  the  leaves  in 
every  respect,  but  smaller  in  the  seedling  stage. 

First  pair  oblanceolate,  cuspidate,  channelled  above,  with  the 
midrib  prominent  beneath  ;  stipules  interpetiolar  and  single  between 
the  leaves. 

Second  pair  decussating  with  the  first  and  similar ;  stipules 
similar  to  the  leaves,  two  on  one  side  of  the  stem  and  one  on  the 
other,  making  in  all  with  the  leaves  five. 

Third  pair  ditto,  but  sometimes  with  all  the  four  stipules  de- 
veloped. 

Fourth  pair  with  the  four  stipules  present. 

Galium  tenuissimum,  M.  Bieh. 

Primary  root  similar  to  that  of  the  last  species. 
Hypocohjl  erect,  tapering  insensibly  into  the  root,  green  above 
soil,  glabrous. 

Cotyledons  ovate,  obtuse,  entire,  with  one  median  nerve 
shortly  petiolate,  glabrous ;  lamina  2-75  mm.  long,  2  mm.  wide ; 
petiole  flattened  above,  about  1  mm.  long. 

Ste7n  annual,  erect,  quadrangular,  glabrous  or  with  a  few  minute 
scattered  prickles  on  the  angles  ;  1st  internode  5  mm.  long ;  2nd 
5-5  mm.  ;  3rd  7  mm. 

Leaves  opposite  and  verticillate,  with  large  interpetiolar  foli- 
aceous  stipules,  shortly  petiolate,  glabrous  or  with  a  few  mmute 
scattered  prickles  on  the  upper  surface  and  margin,  acute  or  apicu- 
late,  one-nerved  only  in  seedhng  stage  ;  stipules  exactly  similar  to 
the  leaves  but  smaller  (at  least  in  the  seedling). 

First  whorl  of  two  leaves  and  two  stipules,  obovate  or  sub- 
eUiptic,  shortly  petiolate. 

_  Second  whorl  similar,  the  larger  members  (leaves)  decussating 
with  those  below  them. 

Third  whorl  of  two  leaves  and  four  stipules. 

Crucianella  segyptiaca,  L.  (fig.  443). 

Primary  root  long,  wiry,  tapermg,  flexuose,  brownish-red,  with 
short  lateral  fibres,  annual. 

_  Hypocotyl  erect,  terete,  very  short,  tapering  indistinguishably 
mto  the  root,  scaberulous. 

Cotyledons  ovate,  obtuse,  emarginate,  shortly  petiolate,  with  a 
distmct  midrib,  and  one  to  two  alternate,  ascending,  incurved  nerves 
on  each  side,  but  difficultly  discernible  in  the  fresh  state,  glabrous 
dull  deep  green  above,  paler  beneath;  lamina  4-5-5-5  mm.  loner" 
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2-75-3-25  mm.  wide ;  petiole  broad,  dilated  and  subconnate  at  the 
base,  1-1*25  mm.  long. 

Stem  herbaceous,  annual,  erect,  quadrangular,  angles  prominent, 
acute,  scaberulous  with  decurved  hard  points  or  prickles,  glaucous- 
green,  minutely  dotted  with  pale-coloured 
markings,  otherwise  glabrous,  thickened  at 
the  nodes  ;  1st  internode  3-5-4  mm.  long ; 
2nd  9-11  mm. ;  3rd  1-9-2-2  cm. 

Leaves  opposite,  decussate  or  with  the 
stipules  appearing  verticillate,  sessile,  with 
a  distinct  midrib  prominent  on  the  under 
side,  but  no  other  discernible  venation  in  the 
fresh  state,  scabrous  and  deep  green  above, 
glabrous,  and  paler  beneath  with  a  cartila- 
ginous, revolute  margin,  connate  and  together 
with  the  stipules  forming  a  Httle  cup  roujid 
the  stem ;  stipules  one  between  each  pair 
of   leaves,    subulate   or   linear -subulate, 
acute,  revolute  at  the  margin,  similar  in 
venation  and  other  respects  to  the  leaves 
but  generally  shorter,  with  their  midribs  as 
in  the  case  of  the  leaves  continuous  with 
the  angles  of  the  stem,  interpetiolar  and 
connate. 

First  pairs  of  leaves  lanceolate,  longer 
and  much  broader  than  the  stipules. 

Second  to  fifth  pairs  linear-subulate, 
acute,  similar  to  the  stipules  but  shghtly 
longer. 

Sherardia  arvensis,  L.  (fig.  444). 
Primary  root  long,  slender,  tapermg, 
with  numerous  lateral  fibres,  all  bright 

Hypocotyl  bent  or  procumbent,  suddenly 
tapering  downwards,  glabrous,  pale  green, 

7  mm.  long. 

Cotyledons  large,  fohaceous,  fleshy, 
rotund,  minutely  emarginate,  scabrous  at 
the  margin  and  minutely  so  all  over  the 

ZZ  oZt:t  r  wLT  petiole  shovt,  flattened  ..ove  a„a 


Fig.  443. 

Crucianella  cegyptiaca. 
Nat.  size. 
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shallowly  grooved,  often  both  directed   to  the  upper  side  of 
the   procumbent  stem,  so  that  the  cotyledons  may  be  fully 
exposed  to  light,  about  1-5 
mm.  long. 

Stem  herbaceous,  an- 
nual, procumbent,  quad- 
rangular ;  angles  obtuse, 
smooth,  glabrous,  but  in  the 
adult  state  with  deflexed 
prickles  and  pubescent ;  pale 
green  ;  1st  internode  1  cm. 
long ;  2nd  6-5  mm. 

Leaves  scabrously  hairy 
on  both  surfaces,  subfleshy 
in  the  seedling,  light  or 
dark  green;  petioles  short, 
shallowly  grooved  above ; 
stipules  interpetiolar,  foli- 
aceous,  equal  to  or  smaller 
than  the  leaves  and 
similar  to  them  in  most 
particulars. 

First  pair  obovate,  round- 
ed, cuspidate  ;  stipules  simi- 
lar, slightly  smaller,  one 
on  each  side  of  the  stem,  at 
all  events  in  the  first  three 
pairs  of  leaves. 

Second  and  third  pairs 
similar,  with  stipules  nearly 
the  size  of  the  leaves. 

Ultimate  leaves  in  pairs, 
lanceolate,  acute,  hairy  on 
both  surfaces  ;  stipules  four, 
similar  and  about  the  same 
size  as  the  leaves,  and  re- 


FiG.  UL—Sherardia  arvemis  x  2. 


volute  at  the  margin  as  are  the  leaves,  especially  when  dry. 
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VALERIANEiE. 

Benth.  et  Hook.  Oen.  PI.  ii.  151. 


Fmit  and  Seed.-ks  in  the  Compositse,  with  which  this 
Order  has  much  affinity,  the  ovary  is  inferior,  but  it  is  three- 
instead  of  one-celled.    One  of  the  cells  is  perfec  whde  the 
other  two  may  he  fertile  or  empty  and  represented  by  slender 
ribs  which  are  sometimes  appendiculate  on  one  side.  There 
is  a  solitary  pendulous  anatropous  ovule  in  each  fertile  cell. 
The  fruit  is  an  inferior  achene  crowned  by  a  many-rayed 
pappuB-hke  calyx,  or  the  latter  is  represented  by  a  few-lobe^ 
cupular  crown  or  minute  inconspicuous  teeth.    The  empty 
ceUs  during  the  growth  of  the  fruit  remam  unchanged  or 
Tec  me  drawn  out'  upon  one  side.    The  solitary  seed  is  com- 
paratively large,  conforming  to  the  fertile  cell  of  the  fruit; 
and  has  a  thtn  membranous  testa.    Endosperm  is  generally 
Wanting  or  reduced  to  a  thin  stratmn.    The  embryo  con- 
Trm   fn  outline  to  that  of  the  seed,  and  is  straight  with 
oblong  cotyledons,  and  a  rather  elongated  superior  radic  e 
A  very  characteristic  type  of  the  Order  is  -P--nted  by 
Valeriana  officinalis.    The  ovate,  dorso-ventraUy  compressed 
Wt  has  only  one  fertile  cell  which  is  wholly  occupied  by 
he  see"      t  is  surmounted  by  a  many-rayed  feathery 
the  seea.  segments  of  which  are  united  at  the 

iTi^nT'^^"^^^  .■eadU.beco.es  aisartieulated 
from  ZTmli^e  aehene.  The  embryo  eonfoms  to  the  m- 
from  me  nevertheless  smrounded  by  a  tbm 

Sum  t  eXerm,  and  has  plano-conve.  cotyledons^ 
^ru^otVal— 

Sa\  otvT^nalll^d  or  furnished  .ith  very  smaU 
"''w!L'««.-There  is  comparatively  little  vai-iation  in  the 

ir  oUonE   emarginate,  petiolate,  and  trinervcd. 
ter^na  IffiaSmay  bo'regarded  as  typical  as  Tar  as  .he 
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cotyledons  are  concerned.  The  first  leaf  is  rotund,  slightly 
cordate  at  the  base,  and  obtusely  angled.  The  second  is 
larger,  five-nerved  and  dentate.  The  ultimate  leaves  are 
opposite  and  pinnatisect.  The  cotyledons  of  Centranthus 
macrosiphon  (fig.  445)  are  broader  and  relatively  shorter. 
The  first  five  pairs  of  leaves  are  broadly  ovate,  serrate-den- 
tate, and  the  ultimate  ones  scarcely  differ.  The  first  pair  of 
Patrinia  rupestris  are  spathulate,  obtuse,  and  entire,  while 
succeeding  ones  vary  from  lanceolate  to  elliptic,  and  are 
bluntly  serrate. 

The  germinating  seedling  of  Valerianella  coronata  (fig.  446) 
shows  a  remarkable  contrivance  for  fixing  the  fruit  or  achene 
to  the  soil  while  the  embryo  makes  its  escape.  The  embryo 
swells  up  and  bursts  through  the  side  of  the  fruit  beneath  the 
calyx-lunb  ;  then  the  radicle  pierces  through  the  latter,  enter- 
ing by  the  outer  face  and  pushing  through  both  sides  enters 
the  ground,  thus  pinning  the  fruit  to  the  soil,  while  the 
cotyledons  are  pulled  out  in  a  comparatively  short  time  and 
spread  out  to  the  fight.  At  this  stage  they  are  shortly  oblong, 
entire  and  sessile.  ' 

Valeriana  oiRcinalis,  L. 

Fruit  an  inferior  achene,  ovate,  dorso-ventrally  compressed 
crowned  with  a  conspicuous  feathery,  pappus-hke  calyx,  which  is 
articulated  with  the  achene,  one-nerved  on  the  back  and  trinerved 
on  the  face  ;  the  two  lateral  nerves  are  fihform,  and  represent  the 
two  aborted  cells. 

Seed  narrowly  obovate,  pendulous  from  the  top  of  the  cavity  of 
the  fertile  ceU,  dorsaUy  compressed,  and  otherwise  conforming  to 
the  mterior  of  the  cell ;  hilum  basal  at  the  upper  end  of  the  seed  • 
micropyle  close  to  the  hilum  and  superior;  chalaza  inconspicuous' 

Endosperm  fornnng  a  thin  film,  surrounding  the  embryo  white 
Mryo  straight,  large,  colourless,  more  or  less  filhne  the  seed' 
and  conforming  to  it  in  outline  ;  cotyledons  obovate-oblong,  rounded 

obtusr^''''  ^"^'"""^  '"'^^^^^  ^1^°^'*' 

Seedling. 

Primary  root  tapering,  slender,  fibrous. 

Hypocotyl  very  short,  terete,  glabrous,  1-5  mm.  long. 

Q 
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Cotyledons  rotund  or  oblong,  short,  emarginate,  petiolate,  tri- 
nerved  from  the  base  and  alternately  penninerved  upwards,  glabrous, 
light  green ;  lamina  -5-1  cm.  long,  5-7  mm.  wide ;  petiole  rather 
broad,  grooved  above,  dilated  at  the  base  and  clasping,  8-11  mm. 

Sim  herbaceous,  perennial  portion  very  short ;  elongated  when 
about  to  flower. 

Leaves  simple,  radical  and  cauline,  opposite  (primary  ones  alter- 
nate), exstipulate,  petiolate,  glabrous  in  seeding,  thinly  hairy  m  the 
adult ;  petioles  grooved  above,  semiterete,  dilated  and  sheathing  at 

the  base.  ,.  ,  1^1,4.1. 

No  1.  Eotund,  subcordate  at  the  base,  shghtly  angled,  but  not 

cut  five-nerved  at  the  base  and  suboppositely  nerved  upwards. 

No.  2.  Rotund,  obtuse,  cordate  and  five-nerved  at  the  base,  den- 
tate with  the  nerves  ending  directly  in  the  teeth.  _ 

Ultimate  leaves  ovate,  or  subtriangular  in  outhne,  pmnatisect, 

often  unequal-sided,  thmly  hairy;  seg- 
ments alternate  or  sometimes  opposite, 
frequently  unequal  on  opposite  sides  of 
the  midrib,  lanceolate,  obtuse,  much 
narrowed  at  the  base,  coarsely,  obtusely 
and  irregularly  serrate,  three-  to  five- 
nerved  longitudinally  from  the  base, 
strongly  reticulate  with  nerves  sunk  on 
the  upper  surface  and  prominent  beneath. 

Centranthus  macrosiphon,  Boiss.  (fig. 
445). 

Primary  root  stout,  tapering,  with 
fibrous  lateral  rootlets. 

Hrjpocotyl  mostly  subterranean,  pale 
or  colourless,  glabrous,  terete,  passing  in- 
sensibly into  the  root. 

Cotyledons  broadly  ovate  and  trun- 
cate, emarginate,  or  almost  square,  petio- 
late, glabrous,  one-nerved;  lamma  7-5 
mm  long  7  mm.  wide  ;  petiole  convex  on 
the  back,  channeUed  above,  about  6  mm. 

^°^%tevi  annual,  developed  when  about  to 

  flower. 

Lea.es  simple,  radical  and  ^"tuotirtnf  i 

alternately  or  siAoppoeitely  mcutvmervod,  reticulate,  deep  g 


V- 
FiG.  446. 

Centranthus  macrosiphon. 
Nat.  size. 
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petioles  ridged  or  subcarinate  beneath,  rather  acutely  channelled 
above,  dilated  towards  the  base  and  subperfoliate. 

First  pair  broadly  ovate,  obtuse,  crenate. 

Second  pair  ovate  or  oval,  dentate. 

Third,  fourth,  and  fifth  pairs  broadly  ovate,  obtuse,  more  or  less 
deeply,  irregularly,  obtusely,  and  mucronately  dentate. 

Valerianella  coronata,  DC.  (fig.  446). 

The  radicle  in  germination  usually  bursts  through  the  side  of  the 
fruit,  and  then  pierces  the  limb  of  the  calyx, 
thus  fixing  the  fruit  ia  the  soil,  as  happens 
also  in  Scabiosa. 

When  free  and  above  soil  the  cotyledons  are 
shortly  oblong,  obtuse,  entire,  sessile  and  gla- 
brous. One  embryo  only  out  of  twenty-eight 
made  its  exit  at  the  apex  of  the  fruit,  and  from 
the  centre  of  the  calyx-Hmb.  The  radicle  in 
this  case  pierced  the  calyx  from  its  inner 
face  outwards,  and  not  from  the  outer  face 
inwards,  as  is  the  usual  method. 

The  fact  of  the  radicle  bursting  through 
the  side  of  the  fruit  is  accounted  for  by  two 
of  the  three  cells  of  the  ovary  being  small 
and  empty,  the  third  containing  a  seed  is 
accordingly  excentric,  and  therefore  in  germi- 
nation its  radicle  naturally  pushes  through  one 
side  of  the  fruit. 


Fig.  446. — Valerianella 
coronata,  x  4. 
Germination. 


Valerianella  Auricula,  DC. 

When  the  fruits  have  been  moderately  well 
covered  with  soil  the  embryo  m  most  cases  gets 
clear  out  of  the  fruit  simply  by  the  elongation  of  the  hypocotyl 

The  cotyledons  are  shortly  oblong,  obtuse,  minutely  emarginate 
otherwise  entire,  sessile,  convex  above,  concave  beneath,  glabrous! 
hght  green.  °  ' 
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DIPSACE.^. 

Benth.  et  Hook.  Oen.  PI.  n-  157. 


Fruit  and  Seed.— The  ovary  of  the  Dipsacese  is  simple, 
inferior  and  one-celled,  with  a  solitary,  pendulous,  anatropous 
ovule  •  but  in  addition  to  the  true  calyx  with  which  it  is  sur- 
mounted, each  flower  of  the  capitulum  is  surrounded  by  an 
involucel  which  completely  encloses  it,  and  appears  hke  a 
second  or  a  double  calyx.  The  fruit  is  an  achene  surmounted 
by  the  persistent  rarely  deciduous  calyx,  and  is  completely  en- 
closed by  the  involucel,  also  persistent  and  either  surmounted 
by  a  lamina  varying  greatly  in  size,  or  truncate  at  the  apex. 
The  solitary  seed,  suspended  from  the  apex  of  the  ceU  is 
covered  by  a  thin  membranous  testa,  and  contams  a  thm 
or  thick  stratum  of  fleshy  endosperm.  The  embryo  is  straight 
with  a  superior  radicle  and  oblong  or  ovate  cotyledons. 

The  pendulous  anatropous  ovule  characteristic  of  the  Oidei 
is  represented  by  a  vertical  section  of  the  ovary  f  ^^^^^^ 
atropurpurea  (fig.  454,  A)  just  after  the  expansion  of  the  flowei 
For  comparison  with  this  Order  the  erect  anatropous  ovul  o 
the  Composite  is  represented  in  the  two  kmds  of  flowers  of 
Chrysanthemum  coronarium  (fig.  454,  B,  C). 

The  reason  for  the  ovule  of  the  Dipsace^  bemg  pendu  u 
and  anatropous  with  a  superior  radicle  has  -^ei^^^^^^^^^^ 
to  the  exit  6f  the  embryo  during  germmation.    The  mvolucel 
s  often  or  always  more  thickened  and  conaceous  and 
often  contracted  It  the  base,  making  egress  there  di^^^^^^^ 
0   impossible.    The  pericarp  is  thm  and  e^-ly  -Pt-;^  ^ 
The  anex  or  is  actually  open  m  cases  where  the  calyx  is 
deciduouB     This  idea  is  supported  by  the  structure  of  the 
STihe  following  specks,  namely,  Scab.sa  pal.sUn 
(fig.  451),  S.  atropurpurea  (fig.  454)  ^m^^^^^^ 
S.  Gramuntia  (fig.  453),  f-J^^^'''^'''^^^^^^^^ 
q  Parnassi,  S.  arvensis,  and  S.  caucasica  (fig.  -455)  ,  also  oy 
C;JhXia  leucantha,  C.  rigida.  Dipsacus  sylvestns.  D.  ferox. 

"'i'^ruHih  the  calyx  deciduous  is  represented  by  Dipsacus 
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sylvestris  with  a  characteristic  embryo.  Scabiosa  austraHs 
(fig.  449)  has  a  small  funnel-shaped  four-toothed  calyx-limb, 
and  its  embryo  is  similar  to  that  of  Dipsacus  sylvestris,  but 
the  seed  contains  a  larger  quantity  of  endosperm.  The  embryo 
of  Scabiosa  palsestina  has  broadly  ovate  cotyledons  nearly 
dividing  the  endosperm  into  two  equal  portions.  The  fruit  (fig. 
451)  is  also  notable  both  for  the  long  slender  beak  into  which 
it  is  prolonged  at  the  apex,  and  the  ten  to  twelve  long,  slender, 
feathery  rays  of  the  calyx.  The  involucel  is  also  one  of  the 
most  highly  developed  in  the  Order  ;  its  tube  has  eight  strong 
ribs  alternating  with  as  many  membranous  portions  actually 
perforated  in  the  upper  part;  and  the  lamina  is  broadly 
expanded,  flat  or  nearly  so,  membranous,  and  traversed  by 
numerous  nerves,  excurrent  as  small  teeth  along  the  margin. 
The  lower  coriaceous  portion  would  protect  the  seeds  against 
drought,  while  the  membranous  lamina  would  serve  to  disperse 
the  fruit. 

Seedlings. — The  structure  and  shape  of  the  fruit  and 
seed  in  this  Order  are  very  constant,  varying  chiefly  in  size, 
and  so  are  the  cotyledons  as  far  as  they  have  come  under  my 
observation.  The  prevailing  form  is  broadly  oblong,  entire  or 
emarginate,  sessile,  or  tapering  into  a  short  broad  petiole,  and 
trmerved,  but  the  lateral  nerves  are  often  indistinct.  Most 
of  them  are  narrow  and  linear  or  oblong  when  they  emerge  from 
the  seed,  but  they  generally  increase  considerably  in  size  and 
sometimes  undergo  a  little  modification  after  germination  by 
becoming  emarginate,  oblong-oval,  somewhat  obovate,  or 
almost  spathulate  owing  to  their  tapering  into  a  broad 
petiole. 

The  involucel  surrounding  the  fruit  on  the  contrary  varies 
considerably,  and,  together  with  the  different  modes  of  germi- 
nation, offers  a  ready  means  of  classifying  most  of  the  seed- 
lings observed.  The  involucel  of  Dipsacus  sylvestris  is  trun- 
cate at  the  apex,  and  the  fruit  crowned  by  a  deciduous  calyx. 
The  seedhng  (fig.  447)  has  oval-oblong  cotyledons,  and  the 
first  six  leaves  are  spathulate  and  crenate.  D.  ferox  is 
another  type  of  this  group,  but  its  mode  of  germination 
(fig.  448)  IS  not  common  to  all  the  species.  The  seedlings 
nearly  always  carry  up  the  seed,  fruit,  and  involucel  on  tbe 
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tips  of  the  cotyledons,  which  are  rather  broad  and  burst  their 
investments  during  germination.  Those  of  Scabiosa  austraUs 
are  Hnear-oblong,  and  do  not  burst  the  fruit  and  involucel 
during  germination  (fig.  449),  and  if  the  latter  are  fairly  well 
covered  with  soil  they  are  left  in  the  ground  when  the  embryo 
makes  its  exit.  The  cotyledons  ultimately  become  broadly 
oblong  and  distinctly  emarginate.  The  two  primary  leaves 
are  broadly  oval,  and  shortly  petiolate  (fig.  450).  The  fruit 
and  involucel  of  this  species  closely  resemble  those  of  Dipsacus 
ferox,  and  its  different  behaviour  during  germination  is  ac- 
counted for  by  the  fact  that  there  is  a  small  tooth-like  pro- 
jection on  one  side  of  the  base  of  the  hypocotyl  (fig.  449,  B), 
and  this,  fixing  itself  in  the  small  rim  or  lamina  of  the 
involucel,  holds  it  down  while  the  cotyledons  are  drawn  out. 

A  second  distmct  type  is  represented  by  Scabiosa  Gram- 
untia  (fig.  453).  The  involucel  has  a  well-developed  cup-like 
lamina,  and  the  radicle  on  germination  pierces  it,  and  holds  it 
firmly  to  the  soil  by  means  of  a  thickening  at  the  base  of  the 
hypocotyl  while  the  latter  on  lengthening  draws  out  the  coty- 
ledons. This  thickening  is  symmetrical  or  equal  all  round, 
not  unilateral  as  in  S.  austraHs.  The  fruit  of  S.  Columbaria 
is  rather  thicker  and  shorter,  while  the  cotyledons  are  also 
shorter,  but  in  no  other  respect  do  they  or  the  germmating 
seedling  differ  from  S.  Gramuntia. 

In  the  third  type  the  radicle  of  the  germinating  seedling 
pushes  through  the  sides  of  the  involucel,  beneath  the  thick- 
ened rim  at  the  base  of  the  lamina.  The  base  of  the  hypocotyl 
also  has  a  symmetrical,  annular  thickening  as  in  the  second 
group.     The  involucel  of  Scabiosa  palsestina  (fig.  451)  is 
salver-shaped  and  attains  a  much  greater  size  than  that  of  any 
other  species  observed.     The  lamina  is  particularly  large, 
membranous  and  traversed  by  straight  radiating  nerves  ex- 
current  at  the  margin,  forming  a  deeply  fringed  border. 
Beneath  the  thickened  rim  at  the  base  of  the  lamma  are 
numerous  perforations,  through  one  of  which  the  radicle  finds 
its  way,  fixing  the  fruit  to  the  gi'ound.    The  cotyledons 
ultimately  become  obovate-spathulate  and  sUghtly  emargniate. 
S.  graminifolia  has  likewise  a  perforated  involucel.  The 
thickening  of  the  hypocotyl  is  well  shown  by  S.  atropm-purea 
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(fig.  -^54,  D).  The  cotyledons  are  oval-oblong  and  shortly 
petiolate.  The  first  four  pau's  of  leaves  vary  from  spathulate 
to  oblong  or  elliptic,  while  the  fifth  to  the  seventh  pairs 
inclusive  are  pinnatipartite.  The  lamina  of  the  involucel  is 
smaller  than  in  S.  palsestina,  but  there  are  no  perforations  in 
any  part  of  it.  The  radicle  easily  pushes  its  way  through  the 
membranous  portions  at  the  sides  between  the  greatly  thick- 
ened ribs  of  the  involucel,  thus  demonstrating  the  economy  of 
the  unequal  thickening.  A  peculiar  anomaly  presents  itself 
in  the  germinating  seedling  of  Scabiosa  caucasica  (fig.  455). 
The  base  of  the  hypocotyl  is  more  or  less  thickened  as  in 
the  other  species,  but  it  generally  if  not  always  pushes  itself 
right  through  one  or  other  of  the  membranous  portions  of 
the  involucel,  and  the  thickening  appears  therefore  to  be  now 
functionless  so  far  as  its  original  purpose  is  concerned.  The 
lamina  of  the  involucel  is  reduced  to  a  rim  crowned  by  numerous 
coarse  bristle-like  segments.  The  seedling  is  different  from  all 
others  I  have  noticed.  The  hypocotyl  remains  short,  the  oblong 
entire  cotyledons  are  sessile,  and  the  first  pair  of  leaves  are 
oblanceolate  and  entire.  The  radical  leaves  of  the  adult  plant 
are  spathulate,  entire  and  decurrent  upon  the  long  petiole,  but 
most  of  the  cauHne  ones  are  pinnatisect  with  Imear  segments. 

The  seedlings  of  S.  rutsefoHa  (fig.  456)  exhibit  a  similar 
evolution  of  the  foliage  to  S.  atropurpurea,  but  I  have  not 
seen  either  the  fruit  or  germination.  Furthermore  the  seed- 
lings are  dimorphic ;  some  have  opposite  leaves  with  the  first 
three  pairs  spathulate  and  bluntly  serrated  near  the  apex, 
and  the  fourth  pair  more  or  less  lobed,  while  others  have 
the  leaves  in  whorls  of  three.  Those  of  the  first  three  whorls 
resemble  the  leaves  of  the  first  type,  but  in  the  fourth 
and  fifth  whorls  they  are  irregularly  and  deeply  pinnatifid. 
The  cotyledons  of  S.  maritima  are  obovate-oblong  and  emar- 
ginate,  while  the  first  pair  of  leaves  are  oval  or  obovate.  ' 

It  will  be  noticed  that  in  all  of  the  above-mentioned  seed- 
Hngs  the  cotyledons  are  sessile  on  leaving  the  seed,  but  after- 
wards petiolate,  Scabiosa  caucasica  alone  forming  an  exception. 

Dipsacus  sylvestris,  L. 
_    Fruit  an  acliene  enclosed  in  a  tetragonal  involucel,  having  an 
intermediate  set  of  smaller  ridges,  one  on  each  face,  free  from  the 
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involucel,  oblong,  apex  conical,  base  obtuse,  crowned  with  the 
ultimately  deciduous  caljrx  and  marked  longitudinally  with  eight 
ridges ;  pericarp  extremely  thin  and  membranous  except  on  the 
ridges. 

Seed  oblong,  conical  at  the  tip,  conforming  to  the  outline  of  the 
ovary,  which  it  completely  fills  ;  testa  extremely  thin  and  mem- 
branous ;  hilum  at  the  extreme  upper  end  of  the  seed  and  incon- 
spicuous. 

Endosperm  copious,  fleshy,  white,  surrounding  the  embryo. 
Embryo  straight,  large,  nearly  equal  in  length  to  the  seed ; 
cotyledons  oblong,  obtuse,  entire,  plano-convex,  embedded  in  the 
endosperm  which  is  thinnest  at  the  edges  of  the  cotyledons  and  the 
radicle ;  radicle  very  stout,  slightly  and  suddenly  narrowed  at  the 
tip  which  is  close  to  the  apex  of  the  seed,  about  one-third  as  long 

as  the  cotyledons. 

Seedling  (fig.  447). 
Primary  root  stout,  long,  tapering, 
with  numerous  lateral  fibres,  biennial. 

Hypocotyl  subterranean,  stout, 
colourless,  about  1  cm.  long. 

Cotyledons  subfohaceous,  gla- 
brous, petiolate :  lamina  oval-oblong, 
entire  or  minutely  emarginate,  12  mm. 
long,  7  mm.  wide  ;  petiole  flattened, 
7  mm.  long. 

Stem  herbaceous,  erect,  and 
elongating  the  second  year  when 
about  to  flower. 

Leaves  simple,  radical  and  ulti- 
mately cauline,  opposite,  exstipulate, 
radical  ones  petiolate,  cauline  ses- 
sile, and  connate  by  their  bases,  hairy 
on  both  sides,  pale  green,  nerved  and 
reticulate  with  ascending  and  sub- 
incurved  nerves,  entire  or  toothed  ; 
petioles  rather  broad,  channelled, 
slightly  winged  upwards. 
First  pair  spathulate,  obtuse,  subentire  or  shallowly  and  obso- 
letely  crenate. 

Second  pair  similar,  shallowly  crenate  with  long  petioles. 
Third  pair  oblong-spathulate,  obtuse,  shallowly  crenate,  decur- 
rent  on  the  long  petioles. 


Fig.  447. — Dipsacus  sylvestris. 
Half  nat.  size. 
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Ultimate  leaves  cauline,  sessile,  connate  by  their  broad  bases, 
oblong-lanceolate,  obtuse,  irregularly  and  obtusely  toothed  except 
at  the  base  and  tip,  penniuerved  with  numerous  subparallel  nerves, 
glabrous,  spiny  along  the  midrib  beneath  with  recurved  prickles ; 
teeth  deepest  and  coarsest  about  the  middle  of  the  leaf. 

Dipsacus  ferox,  Lois.  (fig.  448). 

Gerviination. — The  radicle  emerges  at  the  apex  of  the  fruit 
through  the  mouth  of  the  involucel.     Numerous  root-hairs  are 
produced  on  the  radicle  and  the  base  of  the 
hypocotyl. 

The  fruit  enclosed  in  the  involucel  is 
then  usually  carried  up  with  the  coty- 
ledons (fig.  448),  which  by  widening  have 
split  the  involucel  along  one  side  (about 
the  second  day  after  their  first  appearance 
above  ground). 

Whether  the  fruit  and  involucel  are 
carried  up  or  not,  the  energy  of  the  expand- 
ing cotyledons  is  generally,  if  not  always, 
able  to  extricate  them  from  such  invest- 
ments, and  the  cotyledons  spread  out  to  the 
light.i  They  are  oblong,  obtuse,  entire  with 
a  shghtly  prominent,  apical,  colourless 
tooth,  narrowed  into  a  short  petiole,  with 
a  few  alternate,  ascending,  obscure,  lateral 
nerves,  glabrous,  pale  green  but  soon  be- 
coming deep  green.    Hypocotyl  glabrous. 

Scabiosa  australis,  Wiilf. 

Achene  conical-oblong,  terminated  by  the  small  funnel-shaped, 
four-toothed  lamina  of  the  calyx,  and  surrounded  by  an  involucel^ 
thm-walled,  membranous,  ribbed,  glabrous  ;  involucel  flask-shaped^ 
with  a  narrow  neck  and  funnel-shaped  mouth,  strongly  eight-ribbed, 
with  the  ribs  obtuse  and  the  alternate  ones  smaller,  remaining  as  a 
covering  to  the  fruit  till  its  germination  and  decay. 

_  Seed  oblong,  obtuse  at  the  lower  end,  narrowed  to  a  short  obtuse 
point  at  the  upper  end,  closely  conforming  to  the  interior  of  the 
achene;  hilum  and  micropyle  superior,  contiguous;  testa  thin, 
membranous,  very  pale-coloured  ;  chalaza  apical  and  inferior. 

Endosperm  copious,  fleshy,  white  when  moist. 

and'i>fvnlnrff  *  P°^-  '^^"t-  °f  the  seedlings  carry  up  the  fruit 

and  involucel  during  germination. 


Fig.  448. — Dipsacus  ferox. 
The  fruit  enclosed  in  the 
involucel  carried  up  by 
the  cotyledons  in  germi- 
nation, X  3.  (Second  day 
after  first  appearance 
above  ground.) 
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Embryo  comparatively  large,  but  falling  short  of  the  endosperm, 
straight,  axial,  yellowish  ;  cotyledons  plano-convex,  oblong,  obtuse, 
entire,  sessile,  lying  in  the  broader  plane  of  the  seed  ;  radicle  oblong, 
obtuse,  with  a  slightly  turbinate  point,  about  half  as  long  as  the 
cotyledons,  lying  close  to  the  upper  end  of  the  seed. 

Germination  and  Seedling  (figs.  449,  450). 
The  achene  closely  occupies  the  interior  of  the  involucel,  so  that 
in  germination  the  radicle  gets  outside  immediately  and  pushes 
down  straight  into  the  soil  for  a  considerable  depth,  at  the  same 

time  giving  off  numerous  root-hairs. 
There  are  no  perforations  below  the  rim 
of  the  involucel,  nor  are  they  needed, 
on  account  of  the  shortness  of  the 
neck  and  the  small  lamina. 

If  the  involucel  is  fairly  well 
covered  with  soil  the  cotyledons,  after 
the  long  radicle  has  established  itself, 
are  easily  and  readily  pulled  out  clear 
of  the  seed  and  its  investments.  The 
cotyledons  in  this  species  are  not  very 
broad,  because  the  seed  itself  is  not 
very  thick. 

The  base  of  the  hypocotyl  has  a 
thickened  projecting  ledge  which 
presses  against  the  rim  of  the  involucel 
and  pins  it  to  the  earth  while  the 
arching  upper  part  grows  upwards  and 
extricates  the  cotyledons  (fig.  449,  B). 

About  two  days  after  germination 
the  latter  become  free,  and  are  linear, 
obtuse,  emarginate,  and  tapering 
shghtly  to  the  base. 

About  four  days  after  germination 
they  are  oblong,  obtuse,  much  broader  and  more  distmctly  emargi- 
nate, tapering  at  the  base  into  a  short  petiole,  with  a  distmct  midrib, 

'''''^Thf  ToTyledons  ultimately  become  broadly  oblong  distinctly 
emarginate,  cuneate  at  the  base,  petiolate,  trinerved  at  the  base,  or 
for  the  greater  part  of  their  length,  and  alternately  nerved  upwards 
(the  venation  is  best  seen  on  the  imder  surface),  glabrous,  bright  green 
above,  paler  beneath  ;  petiole  flattened  above,  very  shghtly  connate 
at  the  base. 


Pig.  449. — Scabiosa  australis,  x  6. 
Commencement  of  germination. 
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The  first  pair  of  leaves  are  broadly  oval,  slightly  emarginate, 
suddenly  narrowed  at  the  base  into  short,  channelled  petioles,  ob- 
scurely alternately  incurvinerved  on  the  upper  surface,  bright  green 
and  shining,  but  distinctly  nerved  underneath  and  paler,  glabrous. 

On  the  upper  side  of  the  cotyledon,  close  to  the  edge  of  the  sinus, 
are  about  three  large  water-pores  in  connection  with  the  vas- 
cular system  at  the  apex  of  the  midrib.  The  smaller  cells  of  the 
tissue  in  that  region  seem  to  determine  the  slower  rate  of  growth 
resulting  in  the  emargination  of  the  cotyledons. 


Pig.  450.-,Sca6iosa  australis,  x  6.    Seedling,  forty-four  days  after  germination. 

Scabiosa  palaestina,  L.  (fig.  451). 

Achene  closely  surrounded  and  enclosed  in  an  involucel  thin- 
walled,  membranous,  pale-coloured,  eight-ribbed  longitudinally 
pubescent,  produced  into  a  long  slender  beak  or  neck,  expanding  into 
a  short  cup  from  which  spread  ten  to  twelve  long  feathery  rays 

Involucel  turbinate,  longitudinally  eight-ribbed,  perforated  with 
as  many  openmgs  near  the  top,  above  which  it  expands  into  a  broad 
nearly  or  quite  flat,  many-ribbed,  scarious  lamina,  with  the  ribs 
exserted  as  marginal  teeth,  more  or  less  hairy. 

Seed  broadly  ovoid,  conforming  in  outline  to  tliat  of  the  achene 
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in  its  lower  and  thickened  part ;  testa  membranous  ;  hilum  basal, 
close  to  the  base  of  the  beak  of  the  ovary. 

Endosperm  copious,  fleshy, 
white,  forming  a  very  thin  layer 
at  the  edges  of  the  cotyledons, 
but  much  thickened  at  their  backs. 

Embryo  large,  straight,  nearly 
equal  in  length  to  the  endosperm, 
and  nearly  as  wide  in  the  plane 
of  the  cotyledons,  pale  yellow; 
cotyledons  obovate,  or  broadly 
oval,  obtuse  or  rounded  at  the 
end,  entire,  suddenly  narrowed 
^Ji^^^Z^i%.        into  the  radicle  ;  radicle  short. 

stout,  turbinate,  obtuse,  lying  m 
the  conical  base  of  the  seed,  and  in  the  basal  part  of  the  beak  of 
the  ovary. 

Germination  (fig.  452). 

The  involucel  of  this  species  is  very  large,  and  plays  an  important 
part  in  the  economy  of  the  plant. 

The  hmb  is  salver- shaped,  membranous  with  numerous  radiatmg 
nerves  running  out  at  the  margin  and  forming  a  deeply  fringed 
border.  Immediately  beneath  the  rim  are  numerous  perforations 
between  the  strong  ribs.  The  radicle  in  germination  always  emerges 
through  the  opening  at  the  apex  of  the  mvolucel,  easily  rupturmg 
the  thin  and  membranous  pericarp. 

If  the  involucel  with  the  fruit  is  placed  mouth  downward  m  the 
earth  (an  unnatural  position),  and  but  hghtly  buried  or  lymg  on 
the  surface  of  the  soil,  the  whole  may  be  carried  up  with  the  coty- 
ledons    If,  on  the  other  hand,  the  involucel  is  lying  on  its  side  or 
mth  its  mouth  upwards,  the  radicle  proceeds  freely  a  short  distance, 
and  then  turning  downwards  makes  its  exit  through  one  of  the 
openings,  and  grows  to  a  great  depth  straight  down  mto  the 
earth.    Some  seedhngs  in  the  course  of  germination  showed  a 
radicle  measuring  2-4  cm.  in  length,  seven  days  from  the  time 
of  sowing.    This  conduct  of  the  radicle  is  of  great  importance  m  a 
country  with  the  dry  chmate  of  Syria,  where  the  plant  is  indigenous, 
not  only  in  its  depth  of  penetration,  but  in  effectually  fixing  the 
involucel,  pericarp,  ovary  and  testa  of  the  seed  to  the  earth  while 
the  cotyledons  emerge  and  rise  up  free. 

The  cotyledons  afterwards  become  more  or  less  spread  out,  oblong, 
petiolate  and  tapering  into  the  petiole,  showing  indistinctly  on  each 
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side  of  the  midrib  one  or  two  subopposite  or  alternate  nerves,  and 
faintly  emarginate  at  the  apex. 

Ultimately  they  are  obovate-spathulate,  shallowly  emarginate, 
petiolate,  fleshy,  glabrous,  mth  a  distinct  midrib,  and  a  few  alter- 
nate, ascending  nerves,  best  seen  on  the  under  surface.  Hypocotyl 

glabrous. 

Scabiosa  Gramuntia  (fig.  453). 

The  radicle  makes  its  exit  at  the 
upper  end  of  the  fruit,  and  then  gene- 
rally pierces  the  lamina  of  the  involu- 
cel,  fixing  it  to  the  soil  by  the  thicken- 
ing at  the  base  of  the  hypocotyl, 
which  then  pulls  the  cotyledons  out 
(fig.  453). 

These,  as  soon  as  they  have  made 
their  exit  from  the  fruit  and  spread 
out  to  the  hght,  are  narrowly  oblong, 
obtuse,  entire,  sessile,  glabrous,  nar- 
rowed to  the  base,  pale  green,  with 


Fig.  452. — Scabiosa  palcBstina,  x  2. 
Gennination. 


Fig.  453. — Scabiosa  Gramuntia,  x  i. 
Germination. 


an  evident  midrib,  and  about  two  alternate,  incurved,  indistinct 
nerves  on  each  side. 

S.  atropurpurea,  Widf. 

Germination  and  Seedling  (fig.  454,  D). 

The  sides  of  the  involucel  are  moderately  thick,  but  the  middle 
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D 


section  through  ovarv  of  hermaphrodite  floret,  x  5  .  ir,  wing.  ^  ^eru 

through  ovary  of  female  floret,  x  B  :  WW,  wings;  i?,  ™y  'J-P^^u/fi  e^s^^ 

corolla  cut  away.    D,  Scahiosa  atropurpurca,  germmation,  xi.Cal,  the  tix  seg 

ments  or  bristles  of  the  calyx. 
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layer  consists  of  woody  or  prosenchymatous  tissue,  and  the  base  is 
thicker.  Above  the  lamina  of  the  involucel  the  woody  and  com- 
pact tissue  thins  out  and  its  place  is  taken  by  parenchyma,  and  in 
the  young  state  very  watery-looking  tissue.  The  pericarp  is  thin 
and  contains  but  a  moderate  amount  of  vascular  tissue,  and  is  there- 
fore easily  burst  through  when  decaying  by  the  germinating  embryo. 

The  radicle  emerges  at  the  apex  of  the  fruit,  and  immediately 
turns  towards  the  earth,  where  it  comes  in  contact  with  the  involucel 
and  pushes  through  one  of  the  thin  membranous  parts  between  the 
ridges.  The  hypocotyl  has  an  annular  thickening  at  its  base  by 
which  the  fruit  is  held  down  when  the  radicle  enters  the  ground. 
The  hypocotyl  then  elongates  and  pulls  the  cotyledons  out  of  the 
fruit  as  shown  in  the  accompanying  sketch  (fig.  454,  D). 

When  the  cotyledons  have  spread  out  to  the  light  about  two  days 
after  germination,  they  are  oblong  or  oval,  obtuse,  entire,  narrowed 
slightly  to  the  base,  sessile,  glabrous,  and  hght  green  ;  the  hypocotyl 
is  glabrous  and  colourless. 

Ultimately  the  cotyledons  are  oval-oblong,  obtuse,  shortly  petio- 
late,  1-3  cm.  long  including  the  petiole,  7  mm.  wide. 

Leaves  simple,  cauline,  opposite,  exstipulate,  petiolate,  or  the 
upper  sessile,  sparingly  hairy ;  petioles  channelled  above,  dilated, 
amplexicaul  and  connate  at  the  base. 

First  pair  obovate-spathulate,  crenate-serrate. 

Second  pair  similar,  but  much  larger. 

Third  pair  spathulate-eUiptic,  obtuse,  attenuate  at  the  base  ser- 
rate.  ' 

Fourth  pair  elliptic-oblong,  coarsely  incise-serrate. 

Fifth  pair  oblong,  pinnatipartite  ;  segments  oblanceolate,  acute 
entn-e  or  shghtly  toothed.  ' 

Sixth  and  seventh  pairs  oblong,  pinnatipartite  ;  segments  lon^ 
Imear,  acute,  entire  or  sparingly  toothed. 

Scabiosa  caucasica,  M.  Bieb.  (fig.  455). 

The  radicle  emerges  at  the  apex  of  the  fruit  and,  immediatelv 
turnmg  towards  the  earth,  penetrates  the  thin  membranTs  part  f 

tnickened  rim.  The  radicle  13  long  and  strong,  fixing  the  seedlim? 
firmly  ,n  the  soil.  The  base  of  the  hypocotyl  is  thickened  as  n  h? 
other  species  described,  but  this  thickening  seems  generally  i?  not 
always  to  push  through  the  involucel  and  fs  con..^^;'^:^^. 

The  cotyledons  are  gradually  pulled  out  of  the  frnif  h.r  fi 
energy  of  the  growing  hypocotyl. 
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Seedling. 

Hypocotyl  erect,  terete,  glabrous,  herbaceous, 
5-5  mm.  long,  green,  reddish  at  the  base, 
1-5  mm.  thick,  sometimes  subterranean. 

Cotyledons  broadly  oblong,  entire,  sessile, 
glabrous,  1"2  cm.  long,  9  mm.  wide,  amplexi- 
caul. 

Leaves  simple,  radical  and  cauline,  opposite, 
exstipulate,  shortly  petiolate,  penninerved. 

First  pair  oblanceolate,  entire,  glabrous,  4-1 
cm.  long,  and  about  6  mm.  wide,  with  a  strong 
midrib  sunk  on  the  upper  side  and  prominent 
beneath. 

Eadical  leaves  of  adult  plant  spathulate, 
acuminate,  decurrent  for  some  distance  on  the 
edges  of  the  broad,  channelled,  pale-coloured 
petiole,  penninerved  with  ascendmg  and  shghtly 
anastomosing  nerves,  glabrous,  ciliate,  deep  green 
above  with  the  midrib  sunk  above  and  pro- 
minent beneath. 

Cauline   leaves  variable,  hke  the  radical 
ones,  but  the  greater 
^  number  pinnatipartite, 

with  hnear,  acuminate, 
segments,  sessile ;  ter- 
minal lobe  or  segment 
large,  lanceolate,  acu- 
minate, entire  or 
slightly  cut  at  the 
base.  Otherwise  Uke 
the  radical  leaves. 


Scabiosa  rutsefolia, 
Vahl  (fig.  456). 

Hypocotyl  subter- 
ranean. 

Cotyledons  oblong, 
obtuse  or  emarginate, 
one-nerved,  tapering  in- 
to a  short  petiole,  gla- 
brous 1'3  cm.  long 
^r„f ofSjSSrTr  ^  ==;   indu^g  the  peMole,  G 

ment:  B,  thickened  base  of  hypocotyl,  C,  coty-  ^-^^^ 
ledons. 
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Sfem  herbaceous,  erect,  terete,  hairy  in  lines  decurrent  from  the 
basal  edge  of  the  petioles,  purplish ;  1st  internode  undeveloped ; 
2nd  2  mm.  long  ;  3rd  6  mm. ;  4th  2  cm. ;  5th  1-7  cm. 

Leaves  opposite  or  verticillate  (in  threes),  simple,  cauline,  ex- 
stipulate,  petiolate,  ciliate  and  sparsely  hairy.  When  the  leaves 
are  verticillate  those  of  the  first  whorl  are  spathulate,  obtuse, 
slightly  serrate  near  the  apex,  gradually  narrowed  into  the  slender 
channelled  petioles. 


Fig.  i56.—Scabiosa  rutcefoUa. 
Nat.  size. 


In  the  second  whorl  they  are  similar  but  larger 

the  unZ  oblanceolate,  obtuse,  serrate  along 

the  upper  third  narrowed  gradually  into  slender  petioles. 

In  the  fourth  whorl  they  are  pinnatipartite  with  1-2  segments 
on  ach  side,  and  a  terminal  one  ;  segments  oblanceolate,  Obtuse 
smallest  towards  the  base  and  the  terminal  one  largest.  ' 

Those  of  the  fifth  whorl  have  two  linear  segments  at  each  side 
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and  a  terminal,  larger  and  oblanoeolate  one,  decurrent  with  a  narrow 
margin  nearly  or  quite  to  the  base.  .   ,     ,        ■  n 

In  seedlings  with  opposite  leaves  the  first  pair  (as  shown  m  fig. 
456)  are  spathulate,  obtuse,  and  shghtly  serrate  near  the  apex. 

The  second  pair  are  oblanoeolate,  serrate  near  the  apex. 

The  third  pair  are  oblong-oblanceolate,  incise  and  rather  obtusely 
serrate,  gradually  narrowed  into  long  slender  petioles,  channelled  on 

the  upper  side.  . 
The  fourth  pair  are  similar,  but  have  an  oblong,  obtuse,  entire 

lateral  segment  near  the  base. 


COMPOSIT.E. 

Benth.  et  Hook.  Gen.  PI.  ii.  163. 

Fruit  and  Seed.— T^he  ovary  is  inferior  and  syncarpous 
consisting  of  two  carpels,  as  appears  from  the  two  divisions  of 
the  style,  but  it  is  one-celled  and  contains  a  solitary  basal 
erect,  anatropous  ovule  with  an  inferior  micropyle.    The  fruit 
is  an  achene,  dry,  rarely  fleshy,  crowned  with  an  exceedmgly 
varied  persistent  pappus  or  calyx  in  different  genera,  or  some- 
times the  pappus  is  entirely  absent.   The  solitary  seed  is  erect 
and  straight  or  curved  in  conformity  with  the  size  and  shape 
of  the  cavity  of  the  achene.    The  testa  is  membranous, 
rarely  thickened  and  generally  free  from,  but  sometmies  ad- 
herent to,  the  walls  of  the  ovary.    No  endospei-m  is  present; 
and  the  embryo  occupies  the  whole  interior  «  the  seed  o 
which  it  conforms.  The  cotyledons  are  semiterete  o  flattened 
or  rarely  shghtly  convolute,  and  although  frequently  more  or 
less  curved  !n  conformity  with  the  achene,  they  are  seldom 
"equal  in  length,   as  occurs  ^or  instance  m  Co^eo^^^^ 
Atkinsoniana.    The  radicle  seems  always  to  be  shoit  and 

'"'^Exceptional  cases  occur  in  Balbisia  where  the  cotyledons 
are  condupUcate,  in  some  species  of  Robinsonia ;  and  m  some 
redes  0  Gymnolomia,  Sclerocarpus,  Baltimora,  and  possibly 
Ta  ew  other  genera  where  they  are  concave  or  channelled 
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on  the  inner  face,  or  in  cases  where  they  are  unequal,  the 
apex  of  the  longer  one  is  inflexed. 

The  seeds  observed  may  be  most  readily  classified  accord- 
ing to  the  shape  of  the  embryo,  and  that  part  of  the  achene 
which  contains  it,  regardless  of  the  numerous  modifications 
of  the  pappus  or  calyx  which  have  no  direct  bearing  upon 
this.  One  of  the  simplest  types  of  the  embryo  is  that  seen  in 
the  species  of  Senecio.  The  fruit  of  S.  erucEefolius  is  short 
oblong-cylindrical  and  suddenly  narrowed  or  contracted  at  the 
base.  It  is  surmounted  by  a  pappus  of  long  scaberulous 
hairs,  and  the  embryo  conforms  to  the  internal  cavity.  The 
achene  of  Senecio  cruentus  is  covered  with  small  papillEe  in 
numerous  apparently  double  lines.  The  fruit  and  embryo  of 
Odontospermum  spinosum  are  more  decidedly  obovoid,  and 
the  pappus  consists  of  a  few,  short,  stout  teeth.  The  achenes 
of  Lonas  inodora  and  Moscharia  pinnatifida  (fig.  485)  are  also 
short  and  obovoid,  but  they  are  more  or  less  compressed  with 
the  embryo  conforming.  The  cotyledons  of  the  latter  are 
emarginate,  owmg  apparently  to  the  more  rapid  growth  of  the 
tissues  on  each  side  of  the  apex.  The  pappus  consists  of 
unequal  hairs  placed  obhquely  on  the  achene  which  is  enclosed 
by  a  large  and  curious  bract. 

Many  species  belonging  to  different  natural  groups  agree 
in  possessing  narrow  spathulate,  linear  or  cylindrical  fruits 
with  correspondmgly  narrow  and  elongated  embryos.  The 
achene  of  Ursinia  speciosa  (fig.  478)  is  cyHndrical,  slightly 
curved  and  narrowed  towards  the  base.    The  pappus  consists 
of  five  oval  or  ovate,  entire,  hyaline  scales.     The  fruit  of 
Tragopogon  minor  is  cylindrical,  shghtly  curved,  more  or  less 
ridged  and  prolonged  at  the  apex  into  a  long  slender  beak 
bearing  the  pappus.     That  of  Khagadiolus  stellatus  is  also 
elongated,  terete  or  compressed.    The  fruits  of  Dahlia  varia- 
bihs,  Lasthenia  glabrata  and  Layia  platyglossa  are  spathulate 
more  or  less  compressed  and  narrowed  to  the  base     Those  of 
Bidens  humilis  are  linear,  obtusely  tetragonal,  and  much 
elongated  with  a  corresponding  embryo.    The  pappus  consists 
of  two  horn-hke  processes.    The  fruits  of  Tagetes  erecta,  T 
patula  and  others,  are  thin,  and  much  compressed  like  those 
of  Dahlia. 
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The  species  of  Helianthus  and  perhaps  some  ot 
alHes  may  constitute  another  group  characterise 
large  seeds  and  oblong-obovate,  obtusely  tetrag 
which  in  transverse  section  appear  of  rhomboid  ou 
cotyledons  of  Helianthus  annuus  are  broadly  obL 
convex,  and  entire,  and  suddenly  narrowed  in 
radicle.  Those  of  H.  cucumerifolius  differ  in  i 
smaller  size,  and  in  being  slightly  emarginate,  somel 
to  a  depression  at  the  apex  of  the  achene. 

The  species  of  Coreopsis  are  notable  for  their 
tened,  winged  or  variously  but  unequally  thicke 
The  winged  condition  is  well  shown  in  Coreopsis 
(fig.  462),  the  fruits  of  which  are  obovate  or,  with 
often  suborbicular.    The  latter  sometimes  form  a 
border  to  the  lateral  margins  of  the  achene,  but 
are  interrupted  or  broken  in  various  places.  T 
is  broadly  oval  with  a  very  short  radicle.  T 
C.  Atkinsoniana  (fig.  460)  is  similar  in  outlin 
wings  are  absent,  and  instead  of  being  biconvex 
cavo-convex  owing  to  the  inrolling  of  the  thicken 
The  embryo   is  somewhat  curved  longitudinalh 
short  roundly  obovate   cotyledons.     C.  filifolia 
differs  markedly  from  either,  in  the  seed  being  sut 
and  slightly  compressed,  with  the  fruit  gieMy 
on   the   dorsal   surface  by  means  of  cortical 
or  blunt  protuberances.    The  embryo  is  curved 
cotyledons. 

The  relative  size,  shape,  and  number  of  fruits 
tacle  have  all  a  direct  bearing  upon  one  another. 

For  instance,  if  the  receptacle  is  narrow  and 
bear  but  a  few  fruits,  or  if  they  happen  to  be  nun 
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are  very  broad  and  winged,  and,  notwithstanding  the 
and  elevated  character  of  the  receptacle,  compar 
few  reach  maturity.  On  the  other  hand,  the  distribu 
the  fruits  which  do  mature  is  aided  by  wing-like  di 
ments  of  their  edges.  These  facts  are  borne  out  by 
species  examined,  of  which  a  description  is  given 
Another  very  noticeable  fact  is  that  a  larger  propori 
the  fruits  of  annual  species  seem  to  reach  maturity  thar 
case  of  perennials.  The  fruits  of  Bidens  humilis  and 
cantha  are  very  narrow,  and  a  large  percentage  of  there 
maturity.  Both  are  annual  species,  and  the  barbed  ch^ 
of  the  pappus  of  some,  including  B.  leucantha,  is  well  a 
to  ensure  the  distribution  of  the  fruits. 

The  polymorphic  forms  of  the  fruits  of  Calendula  e^ 
the  same  receptacle  are  very  remarkable.  In  C.  offi 
at  least  three  very  distinct  types  may  be  noted.  Two  oi 
rows  round  the  margin  of  the  receptacle  consist  of  { 
elongated,  curiously  constructed,  curved  achenes,  muric 
the  back,  often  beaked  at  the  apex  and  produced  into  a 
like  process  near  the  base  on  the  inner  face.  The  mid 
of  fruits  is  furnished  with  broad  wings  involute  at  thi 
gin,  but  neither  beaked  at  the  apex  nor  produced  into 
at  the  base.  Those  about  the  centre  of  the  recepta( 
greatly  incurved,  often  forming  a  complete  ring,  anc 
narrow  wings  involute  at  the  margin.  Transvers 
tions  of  each  series  give  a  good  idea  of  the  structure 
three  different  forms.  The  embryo  is  cylindrical  in  al 
cases,  curved,  gradually  tapered  into  the  radicle,  and 
wise  similar  except  that  the  middle  series  is  not  so  st 
curved. 

It  would  seem  as  if  we  have  here  three  devices  fo 
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fruit  to  the  ground  while  the  elongating  hypocotyl  extricates 
the  cotyledons.  In  all  three  cases  the  radicle  emerges  at  the 
base  of  the  fruit  which  splits  longitudinally  by  three  valves, 
thus  facilitating  the  exit  of  the  embryo.  The  splitting  of  the 
fruit  is  brought  about  by  the  force  of  the  rapidly  swelling 
cotyledons.  When  the  latter  have  got  quite  clear,  tbey 
are  spathulate-oblong,  obtuse,  entire  and  tapered  to  the 
base. 

The  fruits  of  Calendula  pluvialis  are  dimorphic.    Those  at 
the  periphery  of  the  receptacle  are  broadly  obovate  or  suborbicu- 
lar,  flattened,  and  smooth  with  broad  flat  wings.    The  embryo 
is  straight  in  conformity  with  the  fruit,  and  has  linear-oblong 
or  spathulate  cotyledons.    The  other  fruits  are  obovoid,  not 
flattened,  and  muricate  all  over  the  surface.    In  C.  hybnda 
the  fruits  are  also  dimorphic.  The  outer  ones  of  the  receptacle 
are  obovate,  much  flattened  with  broad  flat  wings.    Those  of 
the  centre  of  the  receptacle  are  obovoid,  shghtly  cm-ved  or 
straight,  trigonous  and  toothed  on  all  the  three  angles.  ^  The 
embryo  is  straight  or  nearly  so  in  both  cases  with  linear- 
oblong  rather  fleshy  cotyledons.    The  fruits  of  C.  gracflis  are 
also  somewhat  dimorphic  judging  from  the  specimens  observed. 
One  kind  is  curved  so  as  to  form  a  complete  annulus,  and  it 
is  muricate  m  transverse  wavy  ridges.     In  the  other  case  the 
annulus  is  not  complete  and  the  muricate  ridges  on  the  back 
are  nearly  obsolete. 

There  are  three  or  four  different  forms  of  fruit  in  C.  algar- 
biensis.  Those  on  the  periphery  of  the  receptacle  are  oblong, 
straight  or  shghtly  curved,  not  wmged  but  prolonged  at  the 
apex  into  a  slender  beak.  The  next  series  consists  of  frmts 
with  narrow,  strongly  mvolute  wmgs,  muricate  along  the  back 
with  three  rows  of  teeth,  and  coiled  so  as  to  form  a  complete 
annulus.  In  a  third  set  of  fruits  the  annulus  is  less  complete, 
the  wings  are  absent,  and  the  back  is  merely  rugose  m  trans- 
verse obtuse  ridges.  In  the  fourth  or  central  series  the  fruits 
are  very  small,  apparently  imperfect,  and  not  completely 
annular. 

Seecllmgs.—The  prevailing  type  of  the  cotyledons  in  the 
seedlmg  stage  is  spathulate,  a  shape  due  to  that  of  the  seed, 
which  in  turn  conforms  strictly  to  the  interior  of  the  fruit. 
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Thus  in  some  species  the  cotyledons  are  linear,  sometimes  of 
considerable  length ;  in  others  the  fruits  widen  until  we  have 
obovate  cotyledons ;  while  in  a  few  cases  they  are  ovate  and 
pointed.    We  may  comprise  in  the  first  division  those  which 
are  relatively  short  in  proportion  to  their  width.    This  is  fairly 
well  represented  by  Chrysanthemum  segetum,  which  has 
spathulate-oblong,  obtuse,  short,  sessile  cotyledons,  slightly 
connate  at  the  base  forming  a  little  cup  round  the  plumule  or 
axis.    This  latter  character  is  widely  prevalent  amongst  the 
Compositje.    The  primary  leaves  are  oblong,  and  more  or  less 
deeply  pinnatifid  and  toothed.   C.  carinatum  (fig.  472)  differs 
chiefly  in  the  first  two  leaves  being  narrower  and  pinnatifid 
with  oblong,  entire  segments.    The  seedling  of  Anacyclus 
radiatus  is  much  taller  with  all  its  parts  more  elongated.  The 
two  primary  leaves  are  divided  to  the  midrib  with  bifid  and  a 
few  entire  segments.     Achillea  Millefolium  (fig.  470)  has 
shorter  cotyledons  and  the  first  two  leaves  are  opposite, 
tapering  into  a  petiole,  with  one  or  two  teeth  on  each  side 
above  the  middle.    The  cotyledons  of  Matricaria  Parthenium 
are  also  small.    The  first  leaf  is  small,  spathulate,  and  entire 
or  nearly  so,  while  the  second  is  cuneate  and  trifid.  The 
other  leaves  show  great  increase  in  size  and  an  interesting 
evolution  as  far  as  division  is  concerned.    The  division  of  the 
foliage  of  Matricaria  globifera  is  even  more  comphcated,  with 
the  ultimate  segments  linear.    The   first  two   leaves  are 
small,  spathulate-cuneate  and  five-toothed.    The  first  two 
of  Matricaria  nigellsefoKa  (fig.  473)  are  opposite,  narrowly 
lanceolate  and  entire,  the  third  is  cuneate,  trifid,  alternate, 
and  the  fourth  pinnatifid.    The  cotyledons  are  considerably 
elongated.    Lonas  inodora  (fig.  469)  has  a  superficial  resem- 
blance to  the  last,  but  the  cotyledons  are  short  and  oval,  while 
the  first  three  pairs  of  leaves  at  least  are  opposite,  the  first 
pair  being  lanceolate  and  entire,  followed  by  two  cuneate  and 
trifid  pairs. 

Another  group  of  plants  belonging  to  the  same  extensive  tribe 
as  the  last,  namely  the  Anthemideae,  has  the  cotyledons  short 
or  narrow  and  small.  Those  of  Anthemis  sp.  (fig.  471) 
are  linear-oblong  and  5  or  6  mm.  long.  The  first  pair  of 
leaves  are  pinnatisect  with  linear  segments  and  very  different 
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from  the  first  pair  of  A.  mixta,  which  are  linear,  entire,  long, 
slender,  and  narrower  than  the  cotyledons.  The  third  leaf  of 
the  latter  is  pinnatisect  and  alternate.  The  cotyledons  of 
Artemisia  Mutellina  are  linear-spathulate,  and  the  first  four 
or  five  leaves  are  linear  and  entire.  Strikingly  different  is 
A.  annua,  having  oblong  cotyledons  about  2*5  mm.  long,  and 
the  first  two  leaves  short,  cuneate  and  tri-fid  or  -dentate. 
The  ultimate  leaves  are  tripinnatisect  with  toothed  segments. 
The  first  two  of  Pentzia  virgata  are  linear,  entire,  and  slightly 
broader  upwards,  while  the  cotyledons  are  spathulate-oblong 
and  3-4  mm.  long.  The  first  pair  of  leaves  of  Cenia  sub- 
heterocarpa  are  linear,  slender,  entire,  followed  by  three  other 
paurs  which  are  more  or  less  divided.  Cotula  coronopifolia  is 
somewhat  similar  in  its  early  stages,  but  only  the  first  pan*  of 
leaves  are  linear  and  entire,  and  the  cotyledons  are  narrowly 
spathulate. 

A  group  of  plants  belonging  to  several  other  tribes  may  be 
mentioned  here  on  account  of  the  similarity  of  the  cotyledons 
to  those  of  Chrysanthemum  and  its  alhes.  The  shortly  oblong 
cotyledons  of  Brachycome  iberidifoHa  (fig.  457)  very  nearly 
resemble  those  of  Achillea  Millefolium.  The  first  two  leaves 
are  linear  and  entire,  while  the  third  has  one  or  two  teeth  on 
each  side  near  the  apex.  The  first  three  pairs  of  leaves  of 
Charieis  heterophylla  are  oblong  or  spathulate-oblong,  some- 
times pinnatifid  and  hairy,  while  the  cotyledons  are  oblong  or 
often  almost  obovate.  The  same,  or  nearly  the  same,  characters 
apply  to  Madia  corymbosa,  except  that  the  seedling  is  stronger, 
or  the  hypocotyl  longer.  Lactuca  laevigata  (fig.  488)  presents 
no  affinity  with  the  above,  but  the  cotyledons  are  spathulate, 
tapering  into  a  short  petiole.  The  first  leaf  is  oval  with  a  long 
petiole,  the  second  lanceolate  with  a  much  longer  petiole, 
while  the  third  leaf  is  lyrate-pmnatifid  with  the  lateral  seg- 
ments slender. 

A  second  type  of  short  cotyledons  is  represented  by  Belhs 
perennis  (fig.  458),  The  cotyledons  are  rotund  or  orbicular, 
petiolate,  emarginate,  or  less  frequently  entire.  As  in  the  first 
type  the  petioles  are  more  or  less  connate  at  the  base.  The 
two  first  leaves  are  rotund  and  nearly  or  quite  entire. 
Around  this  type  a  number  of  species  belonging  to  widely 
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different  tribes  may  be  grouped.    The  cotyledons  of  Eudbeckia 
serotina  are  shortly  petiolate,  while  the  first  three  leaves  are 
ovate  or  lanceolate,  and  trinerved,  with  long  petioles.  The 
cotyledons  of  Guizotia  abyssinica  are  pubescent  as  are  the  two 
lanceolate  primary  leaves.    The  first  two  of  Senecio  erucas- 
folius  (fig.  475)  are  oval,  smooth  and  entire,  while  the  ultimate 
leaves  vary  from  pinnatifid  and  pinnatipartite  forms  to  those 
that  are  twice  divided.    The  cotyledons  are  oval  and  entire 
immediately  after  germination,  but  they  soon  become  emar- 
ginate  and  ultimately  orbicular.    The  emargination  is  due  to 
the  more  rapid  growth  of  the  sides  as  compared  with  the  apex. 
Those  of  Leuceria  senecioides  are  rotund,  emarginate,  cuneate 
at  the  base  and  ciliate  when  young.    The  two  primary  leaves 
are  obovate  or  cuneate  and  repandly  dentate  or  shallowly 
lobed,  penninerved  and  finely  pubescent.    The  cotyledons  of 
Odontospermum  spmosum  are  oblong-orbicular,  entire,  gla- 
brous, and  much  larger  than  the  first  two  leaves  which  are 
oblanceolate  and  coarsely  hairy.    A  striking  departure  from 
the  above  is  met  with  in  Senecio  cruentus  which  has  oblong- 
ovate  or  roundly  ovate,  subemarginate  cotyledons,  also  auricled 
at  the  base,  or  slightly  cordate,  with  slender  petioles.  The 
hypocotyl  is  very  short.    This  differs  widely  from  all  other 
species  of  Senecio  observed,  and  is  evidently  a  rare  type 
amongst  the  Compositae.    The  first  three  leaves  are  cordate, 
repandly  dentate,  and  also  constitute  an  exception  in  the 
Order.     The  cotyledons  of  Moscharia  rosea  (fig.  486)  are 
oblate,  emarginate  and  truncate  at  the  base  greatly  resembling 
those  of  Cuphea  silenoides,  a  species  of  Loasa,  or  a  Labiate. 
The  two  first  leaves  are  sinuately  pmnatifid.     The  form 
of  the  cotyledons  is  already  well  marked  in  the  seed,  but 
they  widen  considerably  and  change  their  form  after 'ter- 
mination. ° 

The  second  division-including  the  elongated  or  larae 
cotyledons-is  the  largest,  and  apparently  contains  the  more 
typical  forms  occurring  in  the  Order.  The  species  may  be 
grouped  into  those  having  linear,  narrowly  spathulate, 
broadly  spathulate,  oboVate,  ovate  and  lanceolate  cotyledons 
ihere  is,  however,  every  intermediate  gradation  between 
these  types,  so  that  the  one  merges  insensibly  into  the 
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other.  In  many  cases,  however,  a  large  number  of  the  species 
belonging  to  the  different  types  constitute  groups  which  are 
more  or  less  closely  allied  and  belong  to  the  same  genus  or 
tribe. 

As  a  fairly  representative  seedling  with  linear  cotyledons, 
I  may  refer  to  that  of  Ursinia  speciosa  with  linear,  entire, 
fleshy,  glabrous  and  sessile  cotyledons.    The  first  two  leaves 
are  opposite  and  pinnatisect  with  Imear  segments  ;  succeeding 
ones  a,re  more  or  less  divided;  and  the  ultimate  ones  are 
again  like  the  first.    They  are  auricled  at  the  base  from  the 
fifth  leaf  onward  and  superficially  appear  to  be  stipulate.  The 
cotyledons  of  U.  anthemoides  are  broader  and  longer,  while 
the  first  two  leaves  are  like  those  of  U.  speciosa.    The  allied 
Coreopsis  gigantea  (fig.  464)  has  much  longer  cotyledons  than 
either  of  the  last  two,  and  they  are  slender  and  somewhat 
undulated.    The  primary  pair  of  leaves  are  similar  to  those 
of  Ursinia  speciosa,  but  the  linear  segments  are  longer.  The 
ultimate  leaves  are  bipinnatisect  with  long,  linear,  slender 
segments.    The  cotyledons  of  Bidens  humilis  (fig.  465)  are 
linear  and  very  small.    The  leaves  are  opposite,  dimorphic 
and  present  a  very  interesting  case  of  evolution.    The  first 
pair  are  pinnatisect  with  hnear  segments,  and  succeedmg  ones 
are  two  or  three  times  pinnately  cut  or  multisect.    In  a  batch 
of  plants  about  half  grown,  many  of  them  wiU  produce  leaves 
on  the  upper  part  of  the  stem  of  a  different  character 
from  those  described.    They  are  ternately  pmnatisect,  with 
triangular   or   ovate   segments,  generally  cuneate  at  the 
base,  the  terminal  one  largest  and  simply  or  doubly  mcise- 

A  number  of  species  belonging  to  different  genera  may  be 
grouped  together  here  on  account  of  the  resemblance  of  the 
seedlings  both  as  regards  the  cotyledons  and  the  primary 
leaves.  They  are  mostly  annual  and  the  cotyledons  are 
narrowly  linear,  frequently  semiterete,  and  the  first  pair  of 
leaves  are  opposite  and  similar  to  the  cotyledons,  but  longer 
and  rather  broader  especially  above  the  middle.  Coreopsis 
filifolia  and  C.  Douglasii  are  instances,  at  least  as  regards 
the  first  pair  of  leaves.  Eelhania  sessihflora  has  the  first 
seven  pairs  of  leaves  linear,  entire,  and  gradually  longer 
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and  broader  than  the  cotyledons.    The  first  three  or  four 
pah-s  of  the  leaves  of  Burrielia  gracilis  are  precisely  similar 
to,  but  larger  than,  the  cotyledons.    The  same  may  be  said 
of  Bffiria  chrysostoma.     The  leaves  of  Microseris  Bigelovii 
are  alternate,  and  the  first  six  at  least  are   linear  and 
slightly  widened  above  the  middle.    The  primary  leaves  of 
Tragopogon  crocifolium  are  also  linear  and  slender  and  the 
ultimate  ones  are  never  very  wide.    The  cotyledons  vary  from 
7"5-8*5  cm.  in  length.    The  two  species  last  mentioned  be- 
long to  the  tribe  Cichoriacese  and  therefore  have  no  affinity 
with  those  previously  mentioned  with  linear  cotyledons  and 
leaves.    Tussilago  Farfara  (fig.  474)  has  Imear  cotyledons, 
but  they  are  small,  and  possibly  do  not  exceed  5  or  6  mm. 
in  length.    The  first  leaf  is  spathulate;  the  second  ovate; 
the  third  similar  or  triangular ;  and  the  fourth  and  fifth 
are  cordate,  recalling  the  primary  ones  of  Senecio  cruentus, 
to  which  it  is  more  closely  allied  than  to  any  other  in  the 
group  of  species  with  linear  cotyledons.    The  narrowness 
of  the  cotyledons  as  far  as  I  have  observed  bears  a  direct 
relation  to  that  of  the  fruit  and  seed  in  which  they  were 
developed.    Lasthenia  glabrata  has  linear  cotyledons,  and 
the  two  first  pairs  of  leaves  are  similar  but  larger.  The 
cotyledons  of  L.  obtusifolia  Bridgesii  show  a   tendency  to 
be  spathulate-linear,  and  while  yet  in  the  seed  are  spathu- 
late-obovate.     The  species  may  be  regarded  as  an  inter- 
mediate type  tending  towards  those  having  strictly  spathulate 
cotyledons. 

A  fairly  representative  type  of  the  spathulate  cotyledons 
is  furnished  by  Cryptostemma  calendulaceum.  The  first  two 
leaves  are  spathulate  and  slightly  dentate.  Succeeding  ones 
are  broader,  and  from  the  fourth  onward  they  are  lyrate- 
pinnatifid.  Evolution  of  the  leaves  is  also  exhibited  by  Dahlia 
variabiHs,  the  first  four  pairs  of  which  are  ovate,  and  the  fifth 
paur  more  or  less  pmnatisect.  Tagetes  patula  (fig.  467)  and 
T.  glanduHfera  have  also  very  typical  cotyledons,  with  the 
primary  leaves  opposite,  pinnatisect,  and  their  segments 
extremely  unequal  in  size.  A  pecuHarity  of  T.  patula  is  that 
the  under  side  of  the  cotyledon  has  a  submarginal  line  of 
glands  similar  to  those  on  the  leaves.    The  first  pair  of  leaves 


108  ON  SEEDLINGS 

• 

of  Bidens  ferulfEfolia  are  pinnatifid,  and  the  cotyledons  linear- 
spathulate.     Those   of   Heterospermum   diversifoliura  are 
spathulate  while  the  leaves  are  opposite,  or  verticillate  in 
threes,  and  the  first  pair  linear-spathulate,  as  is  the  first 
one  of  Haplopappus,  all  the  others  being  alternate  and  the 
cotyledons  Unear-spathulate.     Those  of  Urospermum  are 
broader  and  more  typical ;  and  the  first  leaf  is  oval,  entire, 
and  cihated.    The  cotyledons  of  Ehagadiolus  stellatus  (fig. 
487)  conform  to  the  type,  but  the  species  belongs  to  the  tribe 
Cichoriacese,  and  has  runcinate  leaves  decurrent  upon  the 
petiole ;  the  first  one  has  a  broadly -elliptic  and  short  lamma 
suddenly  cuneate  at  the  base  and  decurrent  upon  the  petiole. 
Gerberalanugmosa  (fig.  484)  forms  a  rather  distinct  type  with 
spathulate-oblong  cotyledons  and  slender  petioles.    The  first 
leaf  is  rhomboid  and  angled  while  the  second  is  cordate, 
and  the  ultimate  ones  lyrate-pinnatifid,  or  slightly  runcinate. 
The  cotyledons  of  Coreopsis  laciniata,  C.  tinctoria,  C.  coronata 
and  others  have  shortly  and  rather  broadly  spathulate  coty- 
ledons, tapering  mto  long  petioles.    The  leaves  of  the  first 
pair  are  spathulate,  rather  broader  than  the  cotyledons,  and 
those  of  the  second  often  similar  but  broader,  and  C.  coronata 
may  have  several  pairs  which  are  oval  or  bluntly  eUiptic  and 
entire.     A  strikmg  departure  from  the  type,  and  a  rare 
form  amongst  the  Composite  is  presented  by  C.  Atkm- 
soniana  (fig.  461).    The  cotyledons  are  unequal,  a  character 
due  to  the  fruit  being  considerably  curved  and  concave.  Im- 
mediately after  germination  they  are  broadly  oval,  tapered 
to  the  base  and  sessile,  but  they  gradually  become  petiol- 
ate.    Other  rather  exceptional  cases  are  met  with  m  Layia 
heterotricha  (fig.  466)  and  L.  elegans,  the  cotyledons  of  which 
are  spathulate,  emarginate,  rather  retuse  and  cuneate  at 

With  the  exception  of  Senecio  erucfefolius  and  S.  crueutus, 
and  the  two  rare  types  above  given,  all  the_  other  species 
coming  under  my  notice  agree  pretty  closely  with  one  another 
in  the  shape  of  their  cotyledons,  which  may  be  described  as 
oblong-spathulate,  and  as  a  rule  suddenly  tapered  mto  a 
rather  long  petiole.  S.  vulgaris  represents  this  type  pretty 
fairly     The  first  leaf  is  spathulate,  obsoletely  serrate;  the 
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next  four  are  oblong-spathulate,  irregularly  dentate  ;  and  the 
rest  mostly  lyrate-pinnatifid.    S.  squalidus  has  rather  broader 
leaves,  but  the  first  five  do  not  otherwise  greatly  differ  from 
those  of  S.  vulgaris.    Two  species  are  notable  for  the  short- 
ness of  their  hj'-pocotyl,  namely  S.  viscosus  and  S.  poly- 
cephalus.  The  first  four  leaves  vary  between  ovate  and  oblong- 
oval.    The  cotyledons  of  the  second  species  are  rather  the 
broader.    Those  of  S.  elegans  are  narrowly  spathulate  and 
more  like  the  general  type  of  the  extensive  group  with  spathu- 
late cotyledons  remmding  us  of  Tagetes.   The  first  four  leaves 
are  rotund  and  more  or  less  angled  or  obsoletely  dentate,  while 
succeeding  ones  are  lyrate-pmnatifid  with  a  rounded  sinus. 
The  first  twelve  leaves  of  S.  neelgherianus  are  spathulate  and 
merely  differ  in  size  and  depth  of  toothing.    Possibly  the  ulti- 
mate leaves  are  also  spathulate.    An  uncommon  form  is  met 
with  in  S.  speeiosus  which  has  spathulate  cotyledons,  connate 
at  the  base.    The  first  leaf  is  broadly  elliptic,  while  the  four 
succeeding  ones  are  more  decidedly  elliptic  and  obsoletely  den- 
tate.   The  ultimate  leaves  are  strap-shaped,  pinnatifid  and 
dentate.    The  cotyledons  of  S.  pulcher  are  inclined  to  be 
elliptic.    The  first  leaf  is  spathulate ;  the  second  and  third 
rotund ;  the  fourth  oblong,  and  the  ultimate  ones  oblong  or 
elliptic,  fleshy  and  unequally  dentate.  An  unusual  type  occurs 
m  S.  tetranthus  where  the  cotyledons  are  broadly  oval  or 
eUiptic  with  long  slender  petioles,  and  the  first  leaf  is  broadly 
ovate,  slightly  dentate  and  hairy. 

I  pass  on  now  to  the  broadly  spathulate  type.  It  is  diffi- 
cult to  define  the  exact  hmits  of  this  group,  considermg  that 
m  rich  soil  or  under  otherwise  favourable  conditions  seedlings 
of  many  species  sometimes  attain  exceptional  vigour  and  the 
cotyledons  develop  greatly  in  length  or  breadth,  or  both  The 
species  of  Centaurea  and  Carduus,  or  most  of  the  tribes  repre 
sented  by  these  genera,  have  large  seeds  and  embryos,  and 
their  cotyledons  therefore  often  attain  a  large  size.  The 
Centaureas  are  represented  by  C.  Clementei  (fig.  482),  which 
has  broadly  spathulate  leafy  cotyledons.  The  first  leaf  is  also 
spathulate,  entire,  and  trinerved,  but  is  acute  at  either  end 
Two  or  more  of  the  primary  leaves  of  C.  ragusina  are  spathu-' 
late  and  entn:e,  followed  by  some  that  are  ovate  and  dentate 
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m^,     u-     +o  nnps  ire  Ivrate-pinnatifid.    The  cotyledons  of 

nerved,  and  shallo.ly  emargmate.    Jhe  toU«o 
laiioeolate-elliptio,  spiny,  hauy  and  lathei  sma 
„t„lorlnr«    Silybum  Mananum  (fag.         nas  ^«'y 
CO  y  edons.    My  variously  blotched  and  reticulated 

cotyledons,  'eaves  a^v         y  ^^^^ 

,^.ith  silvery  white.  The  ™°  °  „,in„.toothed  at  the 
t.o  o.-»>- Tastalriewhat  simUarly 

r^Ted  to  those  of  the  last  named,  and  the  first  si.  are 
blotched  to  0        ^  spiny-toothed.    The  cotyledons 

leaves  are  oblanceolate  and  sU  M  y  sj  y 

^ate  ones  are  Btrongly  spmy^^^^^^  "y  edons  of  Ty^ 

principal  nerves  of  a  sxlveiy  white^    ine     y  ^^^^^^^ 

nus  leucographus  are  oblong  and  suMeshy. 

irregularly  blotched  s.very^^^^^^^^^^  -^-^^  ^^^^^^^ 

Silybum  Mananum  ,  !;  J^^^^^,,  ^i,ich  are  oblong  or 

::™te::n?r£^^^^^^^^^^^^ 

dentate.  ^pi^nrcation  between  broadly 

There  is  no  exact  line  ""^^^  ^ay  more  rightly 
spathulate  -'y'«'™\^^V^ne  t™e  gradually  merges  into 
be  termed  obovate,  as  the  one  OT''  8  ^  ^  ^  Venidium 
the  other.   The  obovate  type  is  lepiesente     y  ^ 

ealendulaceum.  ^he  cotyledo^^^^^^^^^^  Seolate.  triiierved, 
emargination  and  the  *  ™  ';"^^^','fo,tii  ^ray  also  be  placed 
l,airy  and  entire,  ^^f/f^ ^""^"^gitudiiial  too-. -Wch 
here.  Its  cotyledons  have  a  <=»>        °  °    j  to  folding 

or  may  not  be  "-^'^^-f^,  L«,eya  purpurea 

^Yhile  yet  in  the  seed,    ihe  seeaiu  ^ 
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(fig.  479)  strongly  resembles  that  of  a  Carcluus  or  Cnicus,  but 
the  cotyledons  are  shorter  and  less  tapered  at  the  base.  The 
first  two  leaves  are  elliptical  and  spiny- serrate,  while  the 
ultimate  ones  are  hgulate  or  oblanceolate,  undulately  lobed 
and  spmy.  Sonehus  squarrosus  and  S.  arvensis  belonging  to 
the  tribe  Cichoriacese  have  obovate  emargmate  cotyledons. 
The  first  leaf  of  S.  squarrosus  is  roundly  ovate  and  dentate. 
Hehanthus  cucumerifoHus  (fig.  459),  also  belonging  to  a  very 
different  affinity  from  Carduus,  or  Venidium,  has  obovate, 
entire  or  slightly  emarginate,  shortly  petiolate  cotyledons. 
The  first  pair  of  leaves  are  oblong  and  entire ;  the  second 
pair  lanceolate;  and  from  thence  they  pass  through  ovate 
to  cordate  or  triangular  forms  all  more  or  less  distinctly 
dentate-serrate. 

The  ovate  type  of  cotyledon  is  well  represented  by  Mutisia 
ilicifolia  (fig.  483).  Here  the  cotyledons  are  ovate,  acute, 
fleshy,  both  turned  upon  one  side  and  recurved.  The  first 
three  leaves  are  ovate  or  cordate,  and  repandly  spiny-toothed. 
The  cotyledons  of  M.  copiapina  are  oblong-ovate,  acute,  of 
great  size,  spreading,  with  numerous,  faint,  incurved  nerves. 
The  first  three  leaves  are  oblong,  sessile,  and  repandly 
spiny-toothed.  In  Ainslisea  fragrans  the  cotyledons  are 
much  smaller,  ovate,  obtuse  and  trinerved  beneath.  The  first  * 
leaf  is  roundly  cordate  and  pubescent.  Gamolepis  annua  has 
broadly  oblong-ovate,  emarginate  cotyledons,  and  the  first 
two  leaves  at  least  are  deeply  pinnatifid  with  Imear  or 
narrowly  lanceolate  segments.  G.  Tagetes  differs  consider- 
ably from  the  last  named  in  having  oval  cotyledons  with  a 
cuneate  base.  The  first  leaf  is  deeply  trifid  and  all  succeed- 
ing ones  are  pinnatisect  with  hnear  segments.  Both  species 
are  annuals. 

The  only  species  having  truly  lanceolate  cotyledons  coming 
under  my  notice  is  Gonospermum  fruticosum.  The  cotyledons 
are  linear-lanceolate,  trinerved,  sessile,  subacute,  and  6-5  to 
7-5  cm.  long.  The  first  leaf  is  narrowly  ovate,  and  serrate. 
The  three  following  are  pinnatisect  with  three  segments  each, 
of  which  the  lateral  ones  are  very  small,  and  the  terminal 
ones  like  the  first  leaf,  except  that  they  are  more  cuneate  at 
the  base. 


112 


ON  SEEDLINGS 


Haplopappus  pectinatus,  Auct.  r,  ;, 

Prir>^ary  root  very  long,  gradually  ^apenng,  sbghtly  branched^ 
Hypocotyl  tapering  indistingmshably  mto  the  root,  2  5-3  cm. 

^"""^otyledons  linear-spathulate,  obtuse,  entire,  slightly  connate  at 

S;i"sl;pt  ctlt  alternate,  e.stipulate,  thinly  glandular 
tape^  ng  in  rthe  petiole  which  is  slightly  channelled  above,  and 
semrmplexi-ul  at"^  the  base  ;  principal  veins  traversmg  the  leaf 
long^tudmaUy.^       spathulate,  entire,  obtuse,  mucronate 

Nos  2  and  3.  Narrowly  spathulate,  tapering  mto  a  slender 
petiole,  "with  one  or  two  teeth  on  each  side  near  the  apex 
No  r  Spathulate,  deeply  incise-dentate  ^^h  fistant  teeth 
Nos  5-9   Deeply  pinnatifid  with  linear-oblong,  horizontaUy 

spreading  segments. 

Brachycome  iberidifolia,  Benth. 
(fig.  457). 

Primary  root  tapering  down- 
wards, with  lateral  fibres,  annual. 

Hypocotyl   erect,  terete,  very 
short,    tapering  indistmguishably 

into  the  root. 

Cotyledons  short,  oblong,  obtuse, 
entke,  fleshy,  convex  on  both  sur- 
faces or  nearly  flat  above,  tapermg 
to  the  base,  then  connate  and  form- 
ing a  cup  around  the  plumule,  with 
an  mdistmctly  discernible  midrib 
glabrous,  light  green  or  stamed 
with  red  beneath,  4-4-5  mm.  long, 
1-75-2  mm.  wide. 

Stem  herbaceous,  annual,  erect ; 
primary  internodes  short  or  not 

developed. 

Leaves  simple,  radical  and  cau- 
line,  alternate,  exstipulate,  petio- 


Fig.  iSI. —Br  achy  come  iberidifolia. 
Nat.  size. 
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above,  obtusely  subcarinate  beneath,  dilated  at  the  very  base  and 
subamplexicaul. 

Nos.  1  and  2.  Linear,  obtuse,  entire. 

No.  3.  Linear,  obtuse,  with  one  to  two  obtuse  teeth  or  segments 
near  the  apes,  gradually  tapering  with  a  long  petiole-like  base. 

No.  4.  Pinnatifid  with  two  to  three  alternate,  oblong,  obtuse 
segments  on  each  side. 

No  5.  Pinnatisect  with  linear-oblong,  obtuse,  entire  segments. 

No.  6.  Pinnatisect  with  narrow,  Unear,  obtuse,  entire  segments. 

Bellis  perennis,  L.  (fig.  458). 

Primary  root  tapering  downwards,  flexuose  with  numerous 
lateral,  flexuose,  simple  or  branching  fibrous  rootlets. 

Hypocotyl  erect,  very  short,  mostly  subterranean  and  passing 
insensibly  into  the  root. 

Cotyledons  rotund,  entire,  or  more  frequently 
minutely  and  shallowly  emarginate,  petiolate, 
Ught  green  above,  paler  beneath,  with  an  indis- 
cernible venation,  glabrous ;  lamina  horizontal, 
3-5-3*75  mm.  long,  3*5-4  mm.  wide ;  petiole 
broad,  flattened  above,  convex  on  the  back,  dilated 
and  connate  at  the  base,  pale  green  or  almost 
colourless,  ascending,  l*5-2  mm.  long. 

Stem  creeping  and  rhizomatous,  seldom 
ascending,  but  undeveloped  in  the  young  state, 
ultimately  branching  ;  primary  internodes  unde- 
veloped. 

Leaves  simple,  radical,  alternate,  exstipulate, 
petiolate,  alternately  incurvinerved  and  obscurely 
reticulate,  hairy  on  both  surfaces,  bright  or  deep 
green  above,  paler  beneath  ;  petioles  obtusely  keeled  or  rounded  on 
the  back,  channelled  above,  dilated  at  the  base. 

Nos.  1  and  2.  Rotund,  nearly  or  quite  entire. 

No.  3.  Rotund,  obsoletely  glandular-dentate,  or  denticulate. 

Charieis  heterophylla,  Cass. 

Primary  root  taperuag  downwards,  with  numerous  lateral  fibres. 
Hypocotyl  obconical,  short,  6-7  mm.  long,  light  green  or 
colourless. 

Cotyledons  obovate-oblong,  obtuse,  entire,  fleshy,  sessile,  gla- 
brous, green,  one-nerved,  sKghtly  unequal. 

Stem  erect,  terete,  herbaceous,  hirsute  ;  1st  internode  7-8  mm. 
long  ;  2nd  about  the  same  ;  3rd  shorter. 

II. 

I 


Fig.  458. 

Bellis  perennis. 
Nat.  size. 
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First  leaves  simple,  entire,  cauline,  ^PP^ff' '(^^^^^^^^^  i^^^^/ 
ones  Ilternate,  oblong  or  spathulate,  tapering  at  the  base  o  abroad^ 
sb  petle,  hi;Bute.  green,  very  indistinctly  pn—^     some  of 
the  later  leaves  appear  sessile  and  shghtly  toothed. 

Kelhania  sessiliflora,  Thunb. 
'     Hvvocotyl  erect,  terete,  glabrous,  2-9  mm.  above  the  soil. 

Sedans  Unelr,  acute,  sessile,  subfiUform  or  terete,  glabrous. 

.r.     c,famed  with  purplish-brown,  1-2-1-5  cm.  long. 
^T«e"  Sato-,  annual,  erect,  terete,  glandular-hairy ;  1st  mter- 
nnde  4-7  mm.  long  ;  2nd  similar.  i 

Leaves  simplef  entire,  cauline,  opposite,  decussate  exstipulate 
sessi  Ld  sligltlycomiate  at  the  base,  glandular-hairy,  with  the 
m  dS)  slightly  furrowed  above  and  promment  beneath. 

fLuo  seventh  pairs  linear,  acute,  gradually  longer,  and  broader 

than  the  cotyledons. 

Odontospermum  spinosum,  Auct 

ItroCSkSru^ritg;  testasn.ooth,t.in.d^ 

"'TXT  sSt  filling  the  entire  oarity  of  the  seed,  greyish  or 
colourTes?    otyledons  thick,  Seshy,  oWong,  obtuse,  sessile,  ent™ 
l°de1nferior,Lete,  obtuse,  very  much  shorter  and  rather  narrower 

than  the  cotyledons. 

Seedling.  .  . 

Bypocctyl  erect,  terete,  short,  about  7-6-10  mm.  long,  bght 

^'^  CoM:tT"''oTi:ular,  entire  obtuse,  glabrous,  shortly 
immediately  above  the  c^'jl^aons- 

Sets  S  ow  S  bnstly  hair  J;  'venation  represented 
by  a  prominent  midrib. 

Eudbeckia  serotina,  Sioeet. 

Slei  «ith  primary  internodes  undeveloped. 
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First  leaves  simple,  radical,  entire  or  slightly  serrate,  alternate, 
petiolate,  exstipulate,  broadly  lanceolate,  subacute,  hirsute,  green, 
trinerved ;  petiole  very  long,  covered  with  stiff  bristles,  deeply 
channelled  on  the  upper  side. 

Helianthus  annuus,  L. 

Achene  obovoid,  much  compressed,  but  thickest  near  the  apex, 
tipped  with  the  persistent  base  of  the  flower,  glabrous,  brown,  striped 
or  mottled  with  grey  ;  outer  coat  thin,  membranous  ;  inner  thick- 
ened or  subwoody  at  the  lateral  edges. 

Seed  obovate,  much  flattened  but  obtusely  tetragonal,  conforming 
in  outline  to  the  achene,  but  shrunk  when  dry  ;  testa  thin,  mem- 
branous, white,  closely  applied  to  the  seed. 

Endosperm  absent. 

Embryo  large,  straight,  conforming  in  outline  to  the  seed  ;  coty- 
ledons obovate,  obtuse,  entire,  plano-convex,  closely  applied  to  each 
other  face  to  face,  colourless  ;  radicle  short,  turbinate,  obtuse. 

Helianthus  cucumerifolius,  A.  Gray  (fig.  459). 

Achene  differs  from  that  of  H.  annuus  in  being 
much  smaller,  oblong-obovate,  and  obtusely  tetra- 
gonal with  the  lateral  angles  smaller  and  more 
obtuse,  while  the  apex  is  more  truncate,  and  some- 
times depressed,  causing  an  emargination  of  the 
cotyledons. 

Primary  root  slender,  colourless,  with  a  few 
fibrous  lateral  rootlets, 

Eypocotyl  herbaceous,  terete,  glabrous,  about 
3  cm.  long,  1  mm.  thick,  brownish-green. 

Cotyledons  subsessile  and  semiamplexicaul,  1-2- 
1-5  cm.  long,  over  5  mm.  wide,  obovate-spathulate, 
rounded  at  the  apex,  entire  or  slightly  emarginate, 
obscurely  nerved,  glabrous,  thin,  light  green. 

Stevi  with  the  first  internode  5  mm.  long,  terete, 
succulent,  green,  covered  with  silky  hairs. 

Leaves  caulme,  opposite,  exstipulate,  simple,  con- 
nate and  clasping  the  bases  of  their  petioles. 

First  pair  entire,  oblong,  obtuse,  obscurely  tri- 
nerved, coarsely  pubescent  on  both  sides,  tapering  into  the  chan- 
nelled petiole,  2-5  cm.  long,  5-7  mm.  wide ;  petiole  8-5  mm.  long 

becond  pair  lanceolate-ovate,  obtuse  or  subacute,  trinerved 
serrulate  with  gland-tipped  serratures,  coarsely  pubescent  above' 
almost  villous  beneath,  with  short  petioles.  ' 


Fig.  459. 

Helianthus 
cucumerifolius. 
Half  nafc.  size. 
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Ultimate  leaves  cordate-acuminate  or  more  often  triangular, 
acute  or  subacuminate,  more  or  less  cordate  at  the  base,  tri- 
nerved  in  the  lower  half  and  alternately  penninerved  upwards, 
coarsely  and  irregularly  toothed,  scabrous  on  both  surfaces. 

Guizotia  abyssinica,  Cass. 

Hyfocotyl  erect,  terete,  pubescent,  8-15  mm.  long,  light  green 

or  colourless.  ^  l  u 

Cotyledons  ovate-orbicular,  obtuse,  emarginate,  petiolate,  pube- 
scent, dark  green,  pinnatinerved,  like  the  leaves. 

Stem  erect,  terete,  herbaceous  ;  1st  internode  2-3  mm.  long. 
First  haves  simple,  entire,  cauline,  opposite,  lanceolate,  obtuse, 
shortly  petiolate,  exstipulate,  pubescent,  hght   green,  pinnati- 
nerved. 

Heterospermum  diversifolium,  H.  B.  K. 

Primary  root  soon  giving  off  very  strong  lateral  rootlets  which 
keep  the  primary  one  ui  check,  annual. 

Hypocotyl  erect,  terete,  glabrous,  5-8  mm.  long. 

Cotyledons  spathulate,  obtuse,  entire,  sessile,  tapermg  to  the 
base  and  shghtly  connate,  glabrous,  with  a  distinct  midrib,  1-1-3 
cm  long,  2-2-75  mm.  wide  above  the  middle. 

'stem  annual,  herbaceous,  erect,  terete,  somewhat  striate,^  with 
rows  of  hairs  from  the  edges  of  the  leafstalks  downwards  ;  1st  inter- 
node 3-4  mm.  long  ;  2nd  7-11  mm.  .i. 
Leaves  simple,  cauline,  opposite,  decussate  orverticillatem  threes, 

exstipulate,  somewhat  hairy  on  both  surfaces,  with  strong,  sharply- 
ascending  nerves  ;  petioles  channelled  above,  slightly  connate  at 

the  base.  .  i-     „  c,^v^ 

First  pair  linear-spathulate,  obtuse,  entire,  or  sometimes  sub- 

cuneate,  rather  deeply  trifid. 

Second  pair  ovate,  pinnatifid,  with  about  five  segments. 

Third  to  sixth  pairs  ovate-elliptic  or  subrhomboidal,  cuneate  at 
the  base  and  shallowly  serrate,  not  pinnatifid. 

Coreopsis  Atkinsoniana,  Dougl.  (fig-  460). 

Achene  oval  in  outline,  convex  both  m  a  longitudinal  and 
transverse  direction  dorsaUy,  bat  mvolute  at  the  margms  and  con- 
cave ventrally,  with  a  small,  somewhat  elevated  scar  at  eitl^er  end 
smooth  on  the  back  and  mmutely  dotted  or  reticulated,  or  distmctly 

echinulate,  black.  , 

Seed  obovate,  curved  longitudinally  and  compressed  dorso-ven 
trally,  conforming  to  the  interior  of  the  fruit ;  testa  pale  or  whitish, 
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thin,  membranous ;  hilum  and  micropyle  inferior,  contiguous ; 
chalaza  apical,  superior. 
Endosperm  absent. 

Embryo  large,  straight  or  slightly  curved  longitudinally,  con- 
forming to  the  interior  of  the  seed,  colourless ;  cotyledons  rotund- 


FiG.  im.— Coreopsis  AtUnsoniana,  x  20.  A,  longitudinal  section  of 
achene  :  S,  embryo ;  T,  testa ;  Pc,  pericarp ;  B,  radicle.  B,  trans- 
verse section  of  achene:  C,  cotyledon;  Pc,  pericarp;  T,  testa. 
C,  embryo,  showing  edges  of  cotyledons  and  their  relative  length  to 
the  radicle. 

obovate,  enth-e,  plano-convex  and  closely  applied  face  to  face,  lying 
in  the  broader  plane  of  the  seed  with  their  back  towards  the  axis  of 
the  receptacle  or  inflorescence,  much  longer  than  the  very  short, 
turbinate,  obtuse  radicle  at  the  base  of  the  seed. 

Germination  (fig.  461). 

The  fruit  splits  verticaUy  along  each  side,  that  is  right  and  left 
corresponding  with  the  position  of  the 
cotyledons  in  the  broader  plane  of  the 
seed  and  fruit. 

The  radicle  emerges  at  its  base  and 
fixes  itself  in  the  groimd  while  the 
cotyledons  increase  in  size  and  escape 
from  the  fruit.  The  cotyledons  are 
tinged  with  purple. 

When  the  fruit  has  been  insuffi  ciently 
covered,  it  is  often  carried  up  by  the 
germinating  embryo. 

The  figure  shows  the  seedling  as 
It  appears  three  days  after  germination.     The  cotyledons  are 
broadly  oval,  obtuse,  entire,  narrowed  at  the  base  into  a  short 


Fig.  461. 
Coreopsis  Atkinsoniana,  x  6. 
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petiole,  glabrous,  pale  green,  more  or  less  stained  with  purple,  some- 
what  unequal  in  size  owing  to  their  position  in  the  curved  seed  and 
fruit.  In  twelve  out  of  fifteen  seedhngs  the  cotyledons  were 
markedly  unequal ;  in  the  other  three  only  slightly. 

Coreopsis  auriculata,  L.  (fig.  462). 

Achene  obovate,  wmged,  wings  nearly  entire  or  oftener  more 
or  less  cut  into  shreds  or  short  filaments,  convex  on  the  dorsal 
aspect  and  somewhat  curved,  subconcave  when  dry  and  curved 
longitudinally  on  the  ventral  aspect,  with  a  callosity  at  its  base 
and°  a  large  one  at  the  apex,  or  two  more  or  less  combmed, 
smooth  on  the  dorsal  aspect,  minutely  tuberculated  on  the  ventral, 
black. 


Fig  462.-Coreopsw  aunculata.    A,  longitudinal  section  of  achene,  x  1-1  : 
r,  radicle.    B,  transverse  section  of  achene,  x  14. 

Seed  conforming  in  outhne  to  the  cavity  of  the  achene,  rounded 
at  the  end,  suddenly  tapered  to  an  obtuse  point,  ^^^h  c^mpje^'^f 
dorso-ventrally,  sm:rounded  by  a  dark  hne  on  the  middle  o  both 
dorsal  and  ventral  aspect,  sUghtly  curved  longitudmally  hke  the 
achene;  hilum  basal;  chalaza  apical;  testa  thm,  pale,  membra- 
nous. 

Endosperm  ^h^&cii.  , 
Embryo  large,  sUghtly  curved  in  accordance  with  the  achene  and 
seed,  colourless  ;  cotyledons  obovate  or  broadly  oval  rounded  a  the 
apex,  entire,  suddenly  narrowed  to  the  radicle  ;  radicle  very  short, 
obtuse. 
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Coreopsis  filifolia,  Hook.  (fig.  463). 

Achene  linear  or  subcylindrical,  narrow,  biconvex,  smooth  on  the 
!  ventral  aspect,  obtusely  muricate  on  the  dorsal,  curved  outwards  in 
the  middle  or  away  from  the  central  axis, 
shortly  two-horned  at  the  apex,  with  a 
shghtly  oblique,  somewhat  thickened  basal 
scar. 

Seed  cyhndrical,  conforming  to  the  shape 
of  the  achene,  curved  ;  testa  thiu,  mem- 
branous, white ;  raphe  and  chalaza  incon- 
I     spicuous  ;  micropyle  and  hilum  basal. 
'  Endosperm  absent. 

Embryo  shghtly  curved,  filling  the  seed, 
I  pale  yellowish-white  ;  cotyledons  linear,  ob- 
J  tuse,  entire,  plano-convex  ;  radicle  turbinate, 
j     obtuse,  about  one-fourth  the  length  of  coty- 

I  ledons. 

,1 

I         Coreopsis  gigantea,  Benth.  (fig.  464).       fig.  i&z.— Coreopsis  fiU- 

I  .        -  folia.    Longitudinal  sec- 

Pnmary  root  slender,  tapermg  down-     tion  of  achene,  x  i4. 
wards. 

Hypocotyl  erect  or  ascending  from  a  thickened  base,  terete,  gla- 
brous, shining,  red  at  the  base  and  pale  green  above,  and  more 
slender,  2'5-4'5  cm.  long. 

Cotyledons  linear,  obtuse,  subundu- 
late,  subsucculent,  flattened  and  shghtly 
channelled  along  the  midrib,  horizontal, 
2-5-3  cm.  long. 

Leaves  simple,  pinnatisect,  cauline, 
1;     opposite,  exstipulate,  petiolate,  subsuccu- 
lent, glabrous  ;  petioles  subterete,  chan- 
nelled above. 

First  pair  pinnatisect  with  two  pairs 
of  lateral,  and  one  terminal,  linear,  obtuse 
segment.    The  ultimate  leaves  are  tri-  Coreopsis  gigantea. 

angular  in  outline,  two  to  three  times  Half  nat.' size. 

pinnatisect;  segments  all  slender,  filiform,  slightly  channelled 
above. 

Coreopsis  laciniata,  Auct. 

Primary  root  short,  suddenly  tapering,  branched,  annual. 
Hypocotyl  very  short,  tapering  indistinguishably  into  the  root, 
5-8  mm.  long. 
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Cotyledons  shortly  spathulate,  tapered  into  ^  ^^Jg  Pf  ^^^^^^ 
with  a  black  gland  at  the  apex,  an  indistinct  midnb  andamargmal 
Trve  best  seen  on  the  under  surface,  glabrous;  lamina  4-5  mm 
bng  2  5-3  mm.  ^ide  ;  petiole  flattened  above,  connate  at  the  base 

^^i^h— 

'°'l«'liro"^  glabrous,  with  indistinctly  reticulate 
venationT  petiole'connate  at  the  base,  channelled  above,  with  a  few 
hairs  on  the  margin  at  the  base.  _ 

Fhrst  pair  spathulate,  obtuse,  entire,  with  long  petioles 

Second  pair  spathulate,  or  oblong-elliptic,  obtuse,  entire,  with 

'%£'pair  pinnatifid;  with  about  two  pairs  of  lateral  lobes, 
linear,  obtuse,  entbe ;  terminal  lobe  lanceolate,  obtuse,  entnre. 
tapered  to  the  base,  much  longer  than  the  lateral  ones. 

COMPABATIYB  SIZE  AKD  NUMBEB  OF  FBUITS  IN  COEEOPSIS. 

Coreopsis  aurictdata,  L.-Receptacle  considerably  elevated  like 
a  torus  3  25-5  mm.  in  diameter,  bearing  seventy  to  one  hundred 
nd  tenfruits  or  achenes,  of  which  only  five  to  fiftee-xpened in^he 
specimens  examined.  Achenes  3-25-B-5  mm.  long,  2-5-3  5  mm.  wide 
'75  1  mm.  thick,  shghtly  curved  longitudinally  and  concave  on  the 

''T'y^"oH..Hook.-Eeceptacleflat 

in  diametir.  bearing  sixty-five  to  ^^^^^'^^^  f'-^^^J^^^^^ 
to  fifteen  ripened  in  ^^^V—  "  lon^ 
somewhat  curved  longitudinally,  3-75-4  45  mm.  long, 

'  '^laU.  L.-Reoept«Ie  »on,e..  4-5  r^-  in  ^-^^^^^ 
WnviM  seventy  to  eighty-five  achenes.  Achenes  flattened  or 
clv^' on  the  back,  dhLd  at  the  margins,  termmatmg  ua  two 

'"a  latifoUa.  Micta-Beceptacle  flat,  S-4-26  ^^^^J;' 
hfarine  eiihteen  to  thirty  achenes,  of  which  very  few  (one  to  two 
o  roferrrptned  in  specimens  examined.  Achenes  oblong  com- 
;  e^  t^edged,  wi*  a  ridge  along  each  '-e,  endrng^nj^wo 
very  short  Wnnt  teeth,  slightly  carved  longitndmaUy,  7-8  mm. 
long,  2-26-2-76  mm^^^vride,  1-1-8  min-^a^^^^^^^  ^^^^^^^ 

In'  tied.     Achenes  longitudinally  onrved.  ronnded  and 
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echinulate  on  the  back,  flattened  and  slightly  convex  on  the  face, 
minutely  reticulate,  1*5-2  mm.  long,  '75-1  mm.  wide,  •25--83  mm. 
thick. 

C.  Atkinsoniana,  Dougl. — Keceptacle  elevated,  2-5-6-75  mm. 
in  diameter,  bearing  eighty  to  one  hundred  and  thirty-six  aehenes, 
of  which  fifty  to  ninety-four  ripened  in  specimens  examined. 
Achene  almost  semiglobose,  concave  on  the  ventral  aspect, 
echinulate  dorsally,  2-2-25  mm.  long,  l-5-l'75  mm.  wide,  -5-1  mm. 
thick. 

C.  hicolor,  Rchb. — Eeceptacle  convex,  3"5-6  mm.  in  diameter, 
bearing  one  hundred  and  eighty  to  two  hundred  and  sixteen 
aehenes,  of  which  one  hundred  to  one  hundred  and  sixty  ripened 
in  the  specimens  examined.  Achene  2-2-33  mm.  long,  -75-1  mm. 
wide,  -25  mm.  thick,  oblong,  slightly  curved  longitudinally,  and 
generally  tapering  slightly  to  the  ends,  with  a  small  white  basal 
callosity,  minutely  echinulate  on  both  surfaces. 

Dahlia  variabilis,  Desf. 

Achene  narrowly  obovate  or  spathulate,  notched  at  the  apex 
with  a  little  tooth  in  the  sinus,  giving  the  whole  a  tridentate 
appearance,  compressed,  obtusely  ancipitous,  disarticulated  at  the 
base  transversely,  with  a  shallow  oval  areola,  black. 

Seed  conforming  to  the  interior  of  the  fruit,  but  readily  separ- 
able from  it ;  testa  thin,  pale  or  colourless,  longitudinally  striate. 

Endosperm  absent. 

Embryo  straight,  occupying  and  conforming  to  the  interior  of 
the  seed,  fleshy,  colourless  ;  cotyledons  spathulate,  obtuse,  entire, 
taperuig  gradually  to  the  short  radicle,  plano-convex  and  applied  to 
each  other,  face  to  face  ;  radicle  inferior,  obtusely  pointed,  close  to 
the  hilum. 

Seedling. 

Primary  root  long,  tapering,  with  lateral  rootlets,  ultimately 
supplanted  by  more  or  less  fusiform  tubers  springing  from  below  the 
cotyledons,  and  in  close  proximity  to  them. 

Hypocotyl  subterranean  or  indistinguishable  from  the  root. 

Cotyledons  spathulate-linear. 

Stem  erect,  terete,  herbaceous,  hairy,  ultimately  glabrous  or 
thinly  hairy,  greenish-purple,  striated  with  darker  lines  ;  1st  inter- 
node  14  mm.  long  ;  2nd  4  mm. ;  3rd  2-5  mm. ;  4th  5  mm. 

Leaves  opposite,  pinnatisect,  glabrous  above  except  on  the  nerves 
deep  green,  ciliate  at  the  margins,  paler  beneath  and  hairy  ;  petioles' 
channelled  on  the  upper  side,  and  more  or  less  winged. 
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First  pair  ovate,  obsoletely  serrate,  cuneate  at  the  base. 

Second  pair  ovate,  rather  coarsely  dentate-serrate. 

Tliird  pair  similar  but  more  romided  at  the  base. 
•    Fourth  pair  unequal ;  one  leaf  ovate,  serrate ;  the  other  tripartite 
with  ovate,  serrate  segments  ;  the  lateral  ones  much  the  smallest. 

Ultimate  leaves  pinnatisect,  with  three  to  five  or  more  segments  ; 
se^^ments  ovate,  acuminate,  coarsely  serrate,  opposite,  the  lower  pair 
generally  stalked  with  or  without  two  small  segments  on  their  basal 
posterior  side.  Upper  leaves  tripartite ;  uppermost  undivided  and 
shortly  stalked  or  sessile  or  reduced  to  bracts. 

Bidens  humilis,  H.  B.  K. 

Achene  hnear,  very  narrow,  obtusely  tetragonal  with  shaUow 
ridges  and  furrows  between,  glabrous,  black ;  two  of  the  angles  pre- 
dominate and  are  produced  into  two  horns  surmounting  the  frmt. 

Seed  linear,  slightly  broader  than  thick,  conforming  to  the 
interior  of  the  achene,  only  falling  short  of  the  length  of  the 
cavity  ;  testa  thin,  membranous,  white  or  nearly  so ;  micropyle 
and  hilum  contiguous,  basal,  inferior  ;  chalaza  superior. 

Endosperm  absent. 

Embryo  comparatively  large,  fiUing  the  entire  seed,  straight, 
colourless  ;  cotyledons  linear,  obtuse,  entire,  plano-convex,  closely 
appUed  face  to  face,  lying  in  the  broader  plane  of  the  seed  with 
their  backs  to  the  axis  of  the  receptacle,  narrowed  somewhat  towards 
the  base  ;  radicle  terete,  obtuse,  slightly  shorter  than  the  cotyledons, 
pointing  to  the  base  of  the  fruit  but  some  distance  above  it. 

Beceptacle  somewhat  concave,  3-3-5  mm.  in  diameter  bearing 
forty  to  sixty  achenes,  of  which  thirty-five  to  fifty  ripened  m  the 
specimens  examined.  Achenes  linear,  slender,  straight,  5-7  mm. 
long,  exclusive  of  the  awns  or  teeth,  -75  mm.  wide,  -5  mm.  thick, 
four-ribbed  longitudinally. 

Seedling  (fig.  465). 

Primary  root  long,  flexuose,  with  numerous  lateral  rootlets. 

annual.  ,     ,  o  i 

Evvocotyl  erect,  terete,  glabrous,  reddish,  about  8  mm.  long. 
Cotyledons  Unear,  obtuse,  subfleshy,  flattened  above  with  a  sunk 
midrib,  convex  beneath,  broadest  above  the  middle,  amplexicaul 
and  connate  at  the  base,  about  1  cm.  long,  1-1-25  mm.  wide. 

Stem  herbaceous,  annual,  erect,  terete,  densely  covered  with 
hyaline,  coarse,  jomted  hah-s,  and  densely  pubescent  especiaUy  when 
young  ;  1st  internode  5-5  mm.  long ;  2nd  9  mm. ;  8rd  VI  cm. ;  4th 
1-8  cm. ;  5th  4  cm. ;  6th  2-5  cm. 
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Leaves  simple,  bi-  to  tri-pinnatisect,  or  by  reversion  pinnatisect, 
opposite,  more  or  less  hairy  on  both  surfaces  with  a  line  of  short 
incurved  hairs  along  the  sunli  median  nerve 

of  every  segment,  deep  green  above,  pale     ^  ffj^- 
beneath  ;  petioles  hairy,  channelled  above, 
convex  on  the  back,  dilated  and  amplexicaul 
at  the  base. 

First  pair  trifid  or  pinnatifid  with  two 
linear  obtuse  segments  on  each  side. 

Second  pair  with  a  short  broadly  tri- 
angular hmb,  pinnatisect  with  the  basal 
segments  largest  and  trifid.  humilis. 

°       .  T         .         .  ...         .  Half  nat.  size. 

Third    pair   triangular,  bipmnatisect, 
with  oblanceolate-linear  segments. 

Fourth  pair  triangular-ovate,  bipinnatisect  with  the  secondary 
segments  shghtly  cut. 

Fifth  pair  triangular-ovate,  bipinnatisect. 

Ultimate  leaves  triangular-ovate,  bi-  to  tri-pinnatisect  with  the 
ultimate  segments  oblanceolate-linear  or  oblong,  entire  or  sUghtly 
cut,  acute.  By  reversion  many  of  the  stems  and  branches  produce, 
towards  the  top,  leaves  that  are  merely  ternately  pinnatisect  with 
triangular  or  ovate  pinnatifid  or  merely  incise-dentate  segments, 
and  broad  slightly  toothed  lobes. 

Nearer  the  top  of  these  branches  the  leaves  are  ternately  pinnati- 
sect with  ovate,  acute  incise-serrate  segments. 

B.  leueantha,  Willd. — Eeceptacle  shghtly  concave  in  the  early 
stages,  ultimately  flat  or  somewhat  convex,  4-25-7  mm.  in  diameter, 
bearing  fifty  to  seventy-one  achenes  of  which  thirty- seven  to  sixty- 
four  ripened  in  the  specimens  examined.  Achenes  linear,  slender, 
obtusely  tetragonal,  with  a  few  ascending  bristles  towards  the  apex,' 
and  terminated  by  two  to  four  awns,  of  which  two  are  nearly  always 
the  strongest  and  all  furnished  with  reflexed  bristles,  6-5-13-5  mm. 
long,  •75-1-25  mm.  wide,  -75-1  mm.  thick. 

Bidens  ferulaefolia,  DG. 

Hypocotyl  as  in  B.  humihs,  but  2-3-5  cm.  long,  and  light 
green  or  colourless  with  occasionally  a  faint  reddish  tinge. 

Cotyledons  hnear-lanceolate,  acute,  entire,  tapering  to  the  base 
but  not  petiolate,  fleshy,  glabrous,  light  green,  one-nerved. 

Stem  herbaceous,  erect,  terete,  finely  pubescent ;  1st  internode 
about  2-4  mm.  long. 

First  leaves  cauline,  petiolate,  pinnatifid,  lobes  3-5  mm.  long 
the  end  one  considerably  the  largest,  acute,  hght  green,  pinnati- 
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nerved  with  a  lateral  nerve  running  up  each  lobe,  surface  with  a  few 
hairs.    The  first  pair  as  in  many  other  Compositte  are  opposite. 

Madia  elegans,  Don. 

Eypocotyl  erect,  terete,  glabrous.  5-6  cm.  long,  Ught  green  or 

colourless.  .    ,     i  ,  -i 

Cotyledons  broadly  spathulate,  emargmate,  obtuse,  sessile,  con- 
nate at  the  base,  fleshy,  glabrous,  dark  green,  one-nerved,  the  nerve 
only  apparent  at  the  base  of  the  lamina. 

Stem  ascending,  herbaceous,  pubescent ;  1st  mtemode  about 

2  mm.  long. 

First  leaves  simple,  entire,  cauhne,  opposite,  decussate,  hnear, 
subacute,  cihate,  thickly  covered  with  hairs,  with  those  on  the 
under  side  much  smaller,  light  green,  distmctly  one-nerved. 

Layia  platyglossa,  A.  Gray. 

Achene  obovate  or  spathulate,  ribbed  and  covered  with  numerous 
hairs  ;  pappus  short,  coronate. 

SeecZ  conforming  in  shape  to  the  achene,  exalbummous ;  testa 
membranous,  thin ;  hilum  inconspicuous.  ,     ,     ,  , 

Embryo  straight,  filling  the  interior  of  the  seed,  colourless  ;  coty- 
ledons spathulate,  obtuse,  emarginate  (on  account  of  a  depression  of 
the  pericarp  beneath  the  style),  sessile;  radicle  terete  obtuse,  not 

quite  so  long  as  the  cotyledons. 

Layia  heterotricha,  Hook,  et  Am. 
(fig.  466). 

Eypocotyl  erect,  terete,  glabrous, 
1-2-1-5  cm.  long,  hght  green  or  colour- 

Cotyledons  spathulate,  obtuse, 
emarginate,  tapermg  to  a  long  nar- 
row base  but  hardly  petiolate,  fleshy, 
light  green,  indistinctly  one-nerved, 

glabrous. 

Stem  with  the  primary  internodes 
but  slightly  developed. 

First  leaves  linear-spathulate ;  the 
first  pair  are  opposite,  acute,  denticu- 
late, tapering  to  the  base  but  hardly  petiolate,  hairy,  with  a  distinct 
midrib. 

The  seedhng  of  Layia  elegans,  Torr.  et  Gray,  closely  resembles 
the  above. 


Fig.  466. — Layia  heterotricha. 
Nat.  size. 
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Burrielia  gracilis,  DC. 

Primary  root  slender,  fibrous,  annual. 

Hypocotyl  terete,  glabrous,  8-12  mm.  long. 

Cotyledons  linear,  obtuse,  entire,  connate  at  the  base  and  sheath- 
ing the  stem,  glabrous,  1-1*6  cm.  long. 

Stein  herbaceous,  annual,  erect  or  procumbent,  terete,  glabrous 
or  nearly  so  at  the  base,  and  covered  with  an  adpressed  pubescence 
upwards  ;  1st  internode  1-2-7  cm.  long. 

Leaves  simple,  entire,  cauline,  opposite,  sessUe  and  connate  at 
the  base,  very  thinly  pubescent,  semiterete,  channelled  on  the  upper 
side. 

First  to  third  or  fourth  pair  precisely  similar  to  the  cotyledons, 
but  larger. 

Baeria  chrysostoma,  Fisch.  et  Mey. 

Primary  root  annual,  long,  tapering  gradually  and  giving  off 
only  a  few  slender  rootlets. 

Hypocotyl  short,  terete,  glabrous,  tapering  indistinguishably  into 
the  root. 

Cotyledons  linear,  semiterete,  shghtly  flattened  above,  obtuse  or 
subacute,  connate  at  the  base  and  sheathing  the  stem  for  3  mm., 
very  sparsely  pilose,  4-4-5  cm.  long,  about  -5  mm.  wide,  recurved 
at  the  tip. 

Stem  herbaceous,  erect,  terete,  glabrous  or  thinly  pUose ;  1st 
internode  1-4-1-7  cm.  long  ;  2nd  1-1-2  cm. 

Leaves  simple,  cauline,  opposite,  sessile  and  sheathing  at  the 
base,  pilose  and  cihate  at  the  margin,  subsequently  more  or  less 
glabrescent. 

First  pair  linear,  obtuse,  or  subacute,  semiterete,  shghtly  flattened 
above  and  curved  at  the  tip  hke  the  cotyledons,  which  they  resemble 
in  general  appearance. 

Second  pair  broader,  linear,  obtuse,  channelled  above,  shghtly 
carinate  beneath,  coarsely  and  thinly  cihate  at  the  margin,  recurved 
at  the  tips. 

Third  pair  similar,  but  broader  and  recurved  at  the  tips. 
Lasthenia  glabrata,  Lindl. 

Primary  root  long  and  gradually  tapering  downwards,  but  slightly 
branched,  annual. 

Hypocotyl  short,  or  tapering  indistinguishably  into  the  root. 
Cotyledons  hnear,  connate  at  the  base,  sheathing  the  stem,  flat- 
tened above,  2-2-5  cm.  long,  1  mm.  wide. 
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Stem  herbaceous,  annual,  erect,  terete,  glabrous,  green  and  shin- 
ing; 1st  mternode  2-2-5  cm.  long  ;  2nd  1-5-1-8  cm. 

Leaves  as  in  last  species,  connate  and  sheathing  at  the  base, 
bright  green  and  glabrous,  entire. 

First  pair  linear,  obtuse,  entire,  flattened  above,  slightly  broader 
above  the  middle,  resembhng  the  cotyledons. 

Second  pair  Unear,  obtuse,  flattened  above,  entu-e. 
Third  pair  much  broader,  linear,  obtuse,  slightly  channelled 
above,  entire. 

Lastheuia  obtusifolia,  Cass.,  var.  Bridgesii. 
Achene  obovate-oblong,  suddenly  narrowed  to  the  base,  com- 
pressed, slightly  keeled  on  one  side,  glabrous,  8-3-5  mm.  long  by  1-25- 
1-5  mm.  wide  about  or  above  the  middle. 

Seed  conforming  to  the  shape  of  the  achene. 
Embryo  conforming  to  the  shape  of  the  seed;  cotyledons 
spathulate-obovate,  blunt  or  shghtly  emarginate  at  the  apex; 
radicle  conical,  nearly  as  long  as  the  cotyledons.    The  cotyledons 
after  germination  are  Unear  or  spathulate-hnear,  a  shape  attamed 

by  elongation  after  germination. 

Tagetes  patula,  L.  (fig.  467). 

Frimary  root  tapering,  flexuose 
colourless,  with  many  fleshy,  colourless, 
flexuose,  fibrous  rootlets,  annual. 

Hyfocotyl  erect,  terete,  deep  dull 
purple,  closely  striate  with  scabrid  Hues 
of  papill^-Uke  hairs,  1-5-2  cm.  long. 

Cotyledons  narrowly  spathulate,  sub- 
fleshy,  pale  green  above,  paler  beneath, 
with  a  promment  midi'ib  and  a  sub- 
marginal  row  of  brownish  glands ;  petiole 
shghtly  furrowed  above,  scabrous  be- 
neath, 6  mm.  long  ;  hmb  oblong-obtuse, 
glabrous,  1-3  cm.  long,  4  mm.  wide. 

Stem  herbaceous,  annual,  terete,  gla- 
brous, dull  purple;   early  internodes 

very  short. 

Leaves  simple,  pinnatisect,  cauhne, 
opposite,  sessile,  glabrous,  with  a  sub- 
marginal  line  of  brownish  glands  on  the  lobes  or  segments 

lirst  and  second  pairs  much  ahke  ;  basal  segments  ^  ery  small, 
spathul  te,  acutely  tri-dentate  or  -fid;  middle  segxnents  lanceo- 


Fio.      .—Tagetes  patula. 
Nat.  size. 
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late,  acute,  serrulate  above  the  middle  ;  termirikal  segment  lanceolate- 
elliptic,  acute,  serrate  from  the  middle  upwards ;  lateral  segments 
alternate  ;  rachis  and  midrib  of  segments  channelled. 


Tagetes  glandulifera,  Schrank. 

Primary  root  very  similar  to  that  of  T.  patula. 
Hypocotyl  minutely  scabrid,  pale  purple,  2'1  cm.  long,  1  mm. 
thick. 

Cotyledons  very  similar  to  those  of  T.  patula,  tapering  into  a 
short  petiole,  connate  at  the  base,  1"6  cm.  long,  3*5  mm.  wide. 

Stem  angled  and  furrowed  ;  1st  internode  4  mm.  long. 

Leaves  very  similar  to  those  of  the  last  species,  pinnatisect  with 
mostly  alternate  segments,  and  with  submarginal,  clear,  translucent 
glands. 

First  pair  pinnatisect,  tapering  much  to  the  base  with  very 
imequal  segments;  basal  ones  small,  slender,  spathulate,  triden- 
tate,  with  the  teeth  often  tipped  with  a  bristle;  upper  segments 
lanceolate,  subserrate  ;  terminal  segment  lanceolate-elliptic,  serrate 
above  the  middle. 

Second  pair  similar,  except  that  the  terminal  segment  is  very 
much  the  largest  and  oblong,  acute,  serrate. 

Gaillardia  pinnatifida,  Torr.  (fig.  468). 

Primary  root  tapering,  rather  stout,  colourless,  giving  off  a  few 
lateral  rootlets,  annual. 

Hypocotyl  2-3  mm.  above  ground,  1-1-5  mm. 
thick,  fleshy,  red,  frequently  surrounded  by  the  husk 
of  the  achene. 

Cotyledons  oblong-spathulate,  sessile,  rather 
fleshy,  obtuse,  glabrous,  variable  in  length  according 
to  vigour  of  specimen,  6-13  mm.  long,  4-5-6  mm. 
wide. 

Leaves  sknple,  radical  and  cauline,  alternate, 
coarsely  hairy  on  both  surfaces  ;  petioles  channelled 
above,  convex  beneath  or  somewhat  ridged,  pubes- 
cent. 

No.  1.  Spathulate,  obtuse,  or  sometimes  narrowly 
elliptic,  entire. 

No.^  2,  Oblong,  obtuse,  entire. 

Ultimate  radical   leaves   entire  or  sublyrate- 
pinnatifid,  spathulate,  obtuse,  tapering  to  the  base,  alternately  penni- 
nerved,  with  the  nerves  ascending  and  entering  the  lobes  when 


Fig.  468. 

Oaillardia 
pinnatifida. 
Half  nat.  size. 
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present,  dull  subglaucous-green,  more  or  less  hairy  on  both  sur- 
faces- petioles  channelled  above,  shallowly  ridged  on  the  back, 
dilated,  sheathing  and  crimson  at  the  base,  subscabrously  haury. 

Anacyclus  radiatus,  Lois. 

Hypocotyl  erect,  terete,  glabrous,  3-4  cm.  long,  light  green  tinged 

^%TtyMons  oblong-spathulate,  obtuse,  entire,  tapermg  to  the 
base  but  scarcely  petiolate,  connate  at  the  base,  fleshy,  glabrous, 
hght  green,  indistinctly  pinnatinerved. 

Stem  herbaceous  ;  primary  internodes  undeveloped. 

First  leaves  pinnatifid,  cauline,  alternate,  with  a  few  hairs, 
tapering  to  the  base,  pinnatinerved ;  lobes  acute,  entire  or  bifid, 
light  green. 

Gonospermum  fruticosum.  Less. 

Hypocotyl  erect,  terete,  covered  with  very  minute  hairs,  3-5- 

8-75  cm.  long,  brownish. 

Cotyledons  very  long,  linear-lanceolate,  subacute,  enture,  tapermg 
to  the  base,  glabrous,  green,  trinerved,  sessile.   

Stem  erect,  terete,  herbaceous,  ultimately  shrubby  ;  1st  mtemode 
2-3  mm.  long  ;  2nd  and  3rd  about  the  same. 

Fio-st  leaf  simple,  ovate-oblong  or  almost  lanceolate,  acute, 
coarsely  serrate,  covered  with  minute  hairs,  green,  pmnatmerved ; 
leaves  after  the  first  one  alternate,  pimiatisect ;  termmal  segment 
similar  to  the  first  leaf;  lateral  segments  smaU,  sen-ate,  oblon,, 
acute ;  petioles  short,  thick,  deeply  channelled  on  the  upper  face. 

Lonas  inodora,  Gaertn. 

Seed  narrowly  obovoid,  subcompressed,  readUy  removable  when 
fresh  from  the  achene  to  the  interior  of  which  it  conforms. 

Embryo  conforming  to  the  seed  which  it  ^^oUj  accuses 
ledons  plano-convex,  obtuse,  entire,  closely  occupymg  the  mtenor 
of  th   upper  and  broader  end  of  the  seed,  and  apphed  face  to  face  , 
radicle  tapering  to  an  obtuse  point  and  occupying  the  narrow  end  of 
Ih^^eSarlyeq^^^^ 

plumule  minute  and  scarcely,  if  at  all,  discernible. 

Seedling  (fig.  469).  ,     w  i 

Primary  root  tapering  downwards,  giving  off  slender  lateral 
rootlets,  colourless,  flexuose,  annual. 

nSocoiyi  erect,  terete,  stout,  tapering  mto  the  radicle,  pale  gieen. 

glabrous,  3-5-5-5  mm.  long. 
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Cotyledons  oval,  obtuse,  entire,  sessile,  connate  at  the  base  and 
forming  a  cup  round  the  plumule,  glabrous,  pale  green,  succulent 
and  without  any  discernible  venation,  4-5*5  mm.  long,  3-3*5  mm. 
wide  at  the  middle. 

Stem  herbaceous,  erect,  terete,  glabrous,  annual,  pale  green  ;  1st 
internode  7-9  mm.  long  |  2nd  3—10  mm. 

Leaves. — Lower  opposite,  upper  alternate,  sessile,  with  a  few  alter- 
nate, ascending  nerves  on  each  side 
of  the  midrib,  glabrous,  subsuccu- 
lent,  light  green  above,  paler  be- 
neath. 

First  pair  spathulate,  subacute 

or  cuspidate,  tapering  gradually  to 

the  base  where  they  are  again 

slightly  dilated  and  connate  and 

grooved  on  the  upper  side,  many 

times  longer  than  the  cotyledons, 

decussating  with  them,  entire,  with 

a  distinct  midrib  but  no  other  dis- 
cernible venation. 

Second  pair  spathulate-cuneate, 
trifid  with  ovate,  acute,  entire  teeth 
or  lobules,  or  the  lateral  ones  some- 
times furnished  with  one  or  two 
teeth  on  the  posterior  side,  with  a 
lateral  nerve  proceeding  straight 
into  each  tooth,  tapering  gradually 
to  the  base  where  they  are  agam  sHghtly  dilated  and  furnished 
with  a  number  of  slender,  subulate  or  setiform  teeth,  carinate 
beneath. 

_  Third  pair  cuneate,  tapering  to  the  base,  deeply  trifid,  with  oblong 
shghtly  toothed  segments,  each  with  a  strong  lateral  nerve,  carinate 
on  the  back,  somewhat  dilated  and  connate  at  the  base  for  some 
distance  above  which  they  are  furnished  with  slender,  subulate  or 
setiiorm  teeth.  ' 

Seventh  leaf  alternate  in  specimen  examined 
Achillea  Millefolium,  L.  (fig.  470). 

Coiyfei,,™,  shortly  spathulate,  tapering  lo  the  base  and  perfoliate 
wUh  ai  ma,stmot  m,arib  and  two  lateral  nerves  arising  from  ^e  bas ' 
and  passmg  round  the  cotyledon  imnrediately  within  Ihe  ma'^n  to 


Fig.  469. — Lonas  inodora. 
Nat.  size. 
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unite  with  the  midrib  near  the  apex,  glabrous,  Ught  green  above, 
paler  beneath,  5-6  mm.  long,  2-25-S  mm.  wide. 

Stem  herbaceous,  procumbent  at  the  base  or  creepmg,  with  erect 

flowering  stems;  primary  mter- 
nodes  undeveloped. 

Leaves  radical  and  cauline, 
alternate  (first  two  opposite  or 
equally  developed),  more  or  less 
hairy  or  tomentose  when  young, 
minutely  scaly,  deep  greyish- 
green  ;  petioles  semiterete,  deeply 
channelled  above,  dilated  and 
clasping  at  the  base,  more  or  less 
hairy. 

Nos.  1  and  2.  Opposite,  spath- 
ulate,  acute,  tapering  mto  the 
petiole,  always  havhig  one  to  two 
subulate,  acute  teeth  on  each 
side. 

Ultimate  leaves  oblanceolate- 
linear  in  outline,  two  to  four 
times  pinnatisect  primary  and 
secondary  segments  or  divisions 
ovate;  tertiary  and  quaternary 
divisions  slender,  subulate  or 
lanceolate,  acute,  more  or  less  acuminate  or  subaristate. 

Anthemis  sp.  (fig.  471). 

Primary  root  comparatively  short,  tapering  rather  suddenly  to 
a  fine  pomt  and  giving  off  long,  lateral,  adventitious  roots. 

HyZotyl  teite,  glabrous,  twisted  very  frequently  or  cm-ved. 
mle  green,  almost  colourless,  1-1-5  cm.  long.  ,  o 

Cotyledons  shortly  hnear-oblong,  obtuse,  5-6  mm.  long,  2  mm. 

"'%em  herbaceous,  terete  or  shghtly  angular,  glabrous  or  minutely 
scabrous  on  the  slender  ridges,  pale  green ;  1st  mternode  2  mm. 
Ion-  •  2nd  undeveloped  ;  3rd  3-5  mm. ;  4th  2  mm. 

Uaves  multisect,  alternate,  with  amplexicaul  Pet-les,  pale  gxeen 
odorous,  glabrous  or  minutely  and  sparsely  pubescent,  chiefl>  on  the 

""'Xs.  1  and  2.  Almost  or  quite  opposite;  lamina  oblong  pm- 
nati  fid  or  -sect,  with  lanceolate,  acute  segments ;  petiole  flat  above, 
convex  beneath,  1-3  cm.  long. 


Fig.  ilO.— Achillea  Millefulium,  x  2. 
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No.  8.  Pinnatisect ;  lower  segments  small,  linear,  acute,  entire  ; 
upper  segments  lanceolate,  acute,  frequently  cut  again. 

Nos.  4-6.  Bipinnatisect 
with  slender,  linear-lanceo- 
late, acute  or  bristle-tipped 
segments. 

These  characters  are 
fairly  constant  throughout 
a  great  number  of  seed- 
lings. 

Anthemis  mixta,  L. 

Primary  root  slender 
and  fibrous. 

Eypocotyl  erect,  terete, 
glabrous,  reddish,  1-1-5 
cm.  long. 

Cotyledons  linear-spath- 
ulate,  tapering  to  a  narrow 
petiole-like  base,  obtuse, 
shghtly  connate  at  the  base, 
glabrous,  1-1-6  cm.  long, 
2-2-5  mm.  at  the  widest. 

Stem  herbaceous,  erect, 
terete,  glabrous  ;  1st  internode  2-12  mm.  long,  according  to  circum- 
stances, and  whether  the  seedlings  are  crowded  or  not. 

_  Leaves  alternate  (first  pair  opposite),  sessile,  glabrous,  uni-  to  bi- 
pmnatisect,  more  or  less  sheathing  or  clasping  at  the  base. 

First  pair  opposite,  entire,  long,  slender,  linear,  acute,  convex 
above  and  obtusely  carmate  beneath,  narrower  than  the  cotyledons 
and  several  times  longer. 

No  3.  Pinnatisect  with  a  few  distant,  hnear,  acute  segments 
by  lar  the  longest  towards  the  apex  of  the  leaf. 
No.  4.  Similar,  rather  more  divided. 

Nos.  5-7.  Two  to  three  times  pinnatisect ;  ultimate  segments 
hnear  or  Imear-lanceolate,  acute. 

Chrysanthemum  carinatum,  Schousb.  (fig.  472). 

PrW^rooilong,tapering,flexuose,  giving  ofiflong lateral  fibres 
Eypocotyl  erect,  3-6  cm.  long,  2  mm.  thick,  herbaceous,  glabrous 
shmmg,  pale,  slightly  suffused  with  purple  ' 

.he 


Fig.  471. — Anthemis  sp. 
Nat.  size. 
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Stem  herbaceous,  annual. 

Leai;es  -Nos.  1  and  2.  Linear,  obtuse,  distantly  toothed  or  lobed 
about  the  middle  of  the  lamina,  amplexicaul  at  the  base 

No.  3.  Linear-oblong,  pinnatihd ;  lobes 

obtuse. 

No.  4.  Oblong,  pinnatifid ;  lobes  oblong, 
subacute  or  mucronate,  fleshy. 

No.  5.  Similar,  larger  and  toothed  along 
the  narrow  petiole-hke  part  to  the  amplexicaul 

No.  6.  Oblong  in  the  upper  part  and  pui- 
natisect,  otherwise  hke  No.  5. 

No.  7.  Pinnatisect;  lobes  pinnatifid  or 
toothed.    This  and  the  younger  leaves  more 
•  or  less  glandular  on  the  upper  surface. 

Chrysanthemum  segetum,  L. 

Primary  root  as  in  last  species,  annual. 
Eypocotyl  fleshy,  colourless,  taperuag  mto 

the  root,  1-65  cm.  long.  .  ^,    i  , 

Cotyledons  very  simHar  to  those  of  the  last 
species,  1-35  cm.  long,  4-5  mm.  thick. 
Stem  herbaceous,  annual. 
Leaves  simple,  radical  and  cauhne,  oppo- 
site, sessile,  glabrous,  more  or  less  lobed  or 
pinnatifid,  subglaucous-green  above,  paler  be- 
neath. ,  ,„ 
T.-   .     •     v^^^^cr  obtuse  deeply  toothed  with  obtuse  or  acute, 

^  entire ;  midi-ib  prominent.  _ 

Second  pair  oblong,  obtuse,  pmnatifid,  de- 
current  and  serrate  on  the  broad  petiole-hke 
base;  lobes  oblong,  obtuse,  dentate -serrate  with 
obtuse  or  acute,  apiculate  serratures. 


Fig.  472. 

Chrysanthemum_ 
carinatum.    Nat.  size. 

First  pair  oblong, 


Matricaria  nigellaefolia,  DC.  (fig.  478). 

Eypocotyl  erect,  terete,  glabrous,  2-5  mm. 

lone,  ligbt  green.  . 

Co^jledons  spathulate,  obtuse,  entire  sessil  , 
but  tapering  towards  the  base,  glabrous,  4-6  mm. 

long,  ligbt  green. 

Stem  erect,  short,  herbaceous. 
Leam.-First  pair  opposite  (the  others  alternate),  entire,  cauhne, 


Fig  478. 

Matricaria 
nigellccfoUa. 
Nat.  size. 
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linear-lanceolate,  rather  obtuse,  tapering  at  the  base,  glabrous, 
glaucous-green,  midrib  with  numerous  ascending  branches. 
Second  and  third  pairs  alternate,  and  tri-lobed  or  -fid. 

Matricaria  Parthenium,  L. 

Primary  root  long,  tapering,  flexuose,  with  numerous  lateral 
rootlets. 

Hypocotyl  short,  stout,  merging  into  and  indistinguishable  from 
the  root. 

Cotyledons  small,  subobovate,  sessile,  5  mm.  long,  3  mm.  wide. 

Stem  herbaceous,  elongated  when  about  to  flower. 

Leaves  simple,  radical  and  ultimately  cauHne,  alternate  ;  pubes- 
cent on  both  surfaces,  and  densely  covered  with  sessile  glands, 
highly  odorous,  more  or  less  pinnately  divided  ;  petioles  pubescent, 
channelled  above,  dilated  and  amplexicaul  at  the  base. 

No.  1.  Spathulate,  entire  or  one-toothed. 

No.  2.  Cuneate,  obtuse,  trifid  or  merely  toothed. 

No.  3.  Shortly  and  broadly  oblong,  pinnatifid. 

No.  4.  Triangular,  pinnatifid. 

No.  5.  Pinnatifid,  or  pinnatipartite ;  lobes  subcuneate,  toothed 
at  the  apex,  or  slightly  cut. 

No.  6.  Triangular,  obtuse,  pinnatipartite  ;  lobes  subpinnatifid 
or  toothed. 

No.  7.  Ditto  ;  but  lobes  alternate,  ovate  and  oblong,  deeply  pin- 
natifid. 

Nos.  8  and  9.  Triangular,  almost  pinnatisect ;  lobes  ovate,  pin- 
natifid and  toothed,  lower  ones  deeply  cut  on  the  basal,  posterior  side. 

ThetJar.laciniatum  has  its  larger  leaves  pinnatisect,  pinnatipartite 
and  pinnatifid  ;  ultimate  segments  subulate  or  lanceolate,  and  acute. 

Matricaria  globifera,  Fzl. 

Hypocotyl  as  in  M.  Parthenium,  subterranean. 
Cotyledons  falling  away  early. 

Stem  herbaceous,  erect,  terete,  slightly  pubescent ;  internodes 
crowded  or  many  of  the  lower  ones  undeveloped. 
_  Leaves  simple,  ultimately  pinnately  multisect,  radical  and  caul- 
me,  lower  petiolate,  upper  sessile,  glabrous,  deep  green  with  the 
segments  convex  above,  minutely  revolute  at  the  margins,  making 
a  shallow  channel  on  each  side  of  the  rather  prominent  midrib  in 
the  primary  divisions,-the  midrib  is  absent  in  the  smaller  divisions  • 
petioles  glabrous,  flattened  on  the  upper  surface  or  convex,  dilated 
and  slightly  channelled  at  the  amplexicaul  base,  convex  or  deepen- 
ing into  a  ridge  beneath.  ^ 
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Nos  1  and  2.  Small,  spathulate-cuneate,  and  five-toothed. 
Nos".  8  and  4.  Pinnatifid,  short,  subcuneate  at  the  base,  with 

entire  segments.  i-cj 
No  5  Short,  broad,  irregularly  bipmnatihd. 

No  6.  Bipinnatisect,  the  lower  segments  scattered. 

No!  7.  Shortly  oblong,  obtuse,  bipinnatisect ;  lowest  segment 

No.  8.  Ditto,  tripinnatisect ;  middle  segment  largest  and  most 

No  9  Oblong,  obtuse,  tripinnatisect  with  most  of  the  primary 
divisions  nearly  equal ;  base  of  petiole  with  a  few  linear  Begmente 

Nos  10  and  11.  Oblong,  obtuse,  tri-  to  quadn-pmnatisect,  mth 
a  small  detached  segment  about  the  middle  of  the  p^^°l^^^^  and  a  f  ew 
linear,  mostly  entire  ones  towards  or  close  to  the  base ,  ultimate 
seements  linear,  acute  rather  thin  but  fleshy. 

'  Cauline  leav;s  sessile  ;  larger  ones  hi-  to  tri-pmnatisect  to  the  very 
base  with  mostly  alternate  segments-the  middle  ones  largest  with 
long,  Unear,  slender,  subfiliform  acute  segments. 

Cotula  coronopifolia,  L. 

Hiipocotyl  slender,  8-10  mm.  long. 

cXledons  oblong  or  Imear-oblong,  obtuse  or  shghtly  spathulat  , 
entire  connate  into  a  cylindrical  sheath  at  the  base  for  about  one- 
thW  ^f  their  length,  and  surrounding  the  plumule,  glabrous,  sessile 
a  mLib  fointly  visible,  3-4-5  mm.  long  in  the  upper  free  part,  and 

^•^iTtett;  glabrous;  l^V^^f  I'^heaXs' 
1,        oT^rl  nftPn  entirelv  covered  with  the  leaf-sheaths. 

sitle-  er^^l  alternate  (first  pair  opposite),  sheattang 
of  +>ip  baqp  elabrous,  at  least  in  the  seedhng. 

Nos  1  »a  2  Opposite,  linear,  errtire,  obtuse,  elongated,  taper- 

''to' 3.  Similar,  and  sheathing  in  the  same  way,  entire  or  with  a 
narrow  linear,  lateral  segment,  about  or  below  the  middle^ 

Z  4  Similar  to  the  last  or  having  a  segment  on  each  side,  the 
segments  being  alternate. 

Cenia  suhheterocarpa,  Less. 
Leaves  simple,  uni-  to  bi-pinnatifid  cauline,  lower  opposite, 
upper  alternate,  sessile,  hairy  on  both  surfaces. 
First  pair  opposite,  linear,  slender,  entire. 
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Second  pair  opposite,  pinnatisect,  linear-oblong  in  outline. 

Third  pair  opposite,  linear-oblong,  pinnatisect  with  the  segments 
pinnatifid  in  the  upper  half. 

Fourth  pair  pinnatisect,  segments  pinnatifid. 

Nos.  9-11.  Alternate,  pinnatisect,  segments  pinnatifid;  ultimate 
divisions  linear-lanceolate,  acute,  small. 

Ultimate  leaves  oblong-linear,  pinnatisect  in  the  lower  third, 
with  slender,  linear,  acute  segments,  pinnatisect,  segments  again 
pinnatifid  in  the  upper  two-thirds,  with  subulate,  lanceolate,  acute 
divisions. 

Pentzia  virgata,  -Less. 

Hypocotyl  erect,  or  more  or  less  decumbent,  terete,  glabrous, 
pale  green,  5-10  mm.  above  the  soil. 

Cotyledons  spathulate-oblong,  obtuse,  entire,  glabrous,  light 
green,  sessile,  3'5-4  mm.  long,  1'25-1'75  mm.  wide. 

Stem  erect,  terete,  silky  or  almost  hoary  from  loose  or  adpressed 
hairs,  ultimately  becoming  shrubby ;  internodes  short  and  several 
of  the  primary  ones  hardly  developed. 

Leaves  simple,  cauline,  alternate,  more  or  less  hoary  with 
cottony,  loosely  adpressed  hairs,  light  green  when  young,  ultimately 
pinnatisect,  with  alternate  segments  corresponding  to  the  venation  ; 
petioles  channelled  above  in  the  lower  half,  convex  on  the  back, 
dilated  towards  the  base  and  semiamplexicaul,  hairy,  pale  green. 

Nos.  1  and  2.  Linear,  subacute  or  obtuse,  entire,  slightly  wider 
towards  the  top  and  narrowed  to  the  base,  or  petiolate. 

Nos.  3-6.  Guneate,  trifid  at  apex,  with  acute  segments,  long, 
petiolate. 

Nos.  7-9.  Pinnati-fid  or  -sect,  with  one  or  two  lateral  and  one 
terminal  segment ;  segments  linear,  acute. 

Nos.  10-12.  Similar  but  with  more  numerous  pinn«. 

Nos.  13-17.  Pinnatisect,  pinnatifid ;  ultimate  segments  linear- 
lanceolate  or  subulate,  acute. 

Artemisia  annua,  L. 

Primary  root  normal,  with  a  few  lateral  fibres. 
Hypocotyl  tapering  into  and  indistinguishable  from  the  root, 
colourless,  fleshy.  ' 

Cotyledons  small,  shortly  oblong,  obtuse,  2-5  mm.  long,  1-5  mm. 
wide. 

Stem  developed  when  about  to  flower,  herbaceous,  annual. 
_  Leaves  simple,  radical  and  cauline,  alternate,  thinly  pubescent, 
bright  green  above,  paler  beneath  and  rather  prominently  nerved, 
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ultimately  multisect ;  petioles  channelled  above,  dilated  at  the  base, 
and  after  the  leaves  have  attained  some  size  auricledwith  irregularly 
cut  lacinisB. 

Nos.  1  and  2.  Small,  spathulate-cuneate,  tridentate  at  the  apex. 
No.  3.  Cuneate,  obtusely  five-toothed. 

No.  4.  Shortly  and  broadly  oblong,  five-lobed ;  lobes  obtuse, 

mostly  bidentate. 

No.  5.   Oblong-ovate,  obtuse,  pinnatifid ;  lobes  subcuneate, 

dentate. 

No.  6.  Triangular-ovate,  obtuse,  pinnatisect ;  lower  lobes  pm- 
natifid'on  the  posterior  side,  coarsely  dentate  ;  upper  lobes  coarsely 

dentate.  . 

No.  7.   Triangular-ovate,  pinnatisect;   lobes  pmnatifid  and 

dentate.  . 

Eadical  leaves  numerous,  ultimately  triangular,  bipmnatisect, 
ultimate  segments  pinnati-fid  to  -partite  ;  primary  segments  oblong 
—the  lower  two  longest ;  secondary  segments  oblong,  most  developed 
on  the  posterior  side  of  the  primary  segments  ;  ultimate  divisions 
oblong,  cuspidate,  entire,  or  the  larger  ones  dentate. 

Artemisia  Mutellina,  Vill. 
Hijpocottjl  erect,  terete,  3-5  mm.  above  ground. 
Cotyledons  linear-spathulate,  obtuse,  entire,  glabrous,  sessile, 
recurved,  4-5  mm.  long,  1-5-1-75  mm.  wide.  _ 

Stem  herbaceous,  erect,  terete,  nearly  or  quite  glabrous  m  the 
yovmg  state,  and  then  having  the  primary  internodes  undeveloped, 
or  the  first  2-3  mm.  long,  and  the  succeedmg  ones  shorter. 

Leaves  hoary,  with  a  silky  adpressed  pubescence,  tapenng 
gradually  into  the  petioles  ;  petiole  flattened  above  or  biconvex. 

Nos  1-4  or  5.  Linear,  entire,  acute,  the  third  to  fifth  slightly 
broader  above  the  middle.  In  strong  seedlings  the  fourth  and  fifth 
may  be  unequally  bifid  or  subequally  trifid. 

Nos.  6-10.  Trifid  with  hnear,  obtuse,  or  subacute  segments,  the 
terminal  one  being  longest. 

Tussilago  Farfara,  L.  (fig.  474). 

Primary  root  tapering,  flexuose,  soon  supplanted  by  strong 
lateral  roots  from  the  base  of  the  hypocotyl.  ^ 

Hypocotyl  very  short,  subterranean,  reddish. 

Cotyledons  linear-oblong,  obtuse,  fleshy,  shortly  petiola  e  dilated 
at  the  base,  amplexicaul  and  subconnate,  5  mm.  long  including  the 
petiole. 

Stem  creeping,  subterranean. 
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Leaves  simple,  radical,  alternate,  fleshy,  obscurely  subpalmati- 
nerved,  white  and  cottony  above  when  young,  felted  with  a  white 
cottony  tomentum  beneath ;  petioles  semiterete, 
channelled  on  the  upper  side,  at  first  cottony,  ulti- 
mately nearly  glabrous. 

No.  1.  Small,  spathulate,  obtuse,  entire,  mu- 
cronate. 

No.  2.  Ovate,  with  a  tooth  on  each  side  or  in 
stronger  seedlings  broadly  ovate  with  two  teeth  on 
each  side,  mucronate. 

No.  3.  Similar  to  the  last  or  in  robust  seedlings 
broadly  ovate  or  triangular,  obtusely  five-angled,       Fig.  474. 
obscurely  five-nerved.  ^-^^ 

No.  4.   Cordate,  obtusely  seven-angled  and      Nat.  gize. 
sparingly  and  obscurely  toothed  between  the  angles. 

No.  5.  Similar,  but  more  decidedly  toothed  between  the  angles. 

Senecio  cruentus,  DC. 

Achene  terete,  or  the  outer  ones  slightly  compressed,  longitudin- 
ally ribbed,  and  minutely  transversely  wrinkled  or  marked,  glabrous, 
but  covered  between  the  ridges  with  a  double  row  of  white  papillte, 
dark  brown,  crowned  with  the  easily  removable  bristly  or  setaceous 
pappus,  slightly  contracted  at  the  top  and  forming  a  Uttle  cup  on 
which  the  pappus  is  seated. 

Seed  closely  conforming  to  the  achene ;  testa  thin,  brownish  ; 
hilum  and  micropyle  contiguous,  basal ;  chalaza  apical. 

Endosperm  absent. 

Embryo  straight,  conforming  to  the  shape  of  the  seed,  and  occu- 
pying the  whole  of  the  interior,  pale  yellow  or  nearly  colourless  ; 
cotyledons  oblong,  obtuse  or  rounded  at  the  apex,  entire,  tapering 
into  the  radicle  at  the  base  and  not  auricled  ;  radicle  short,  about 
half  the  length  of  the  cotyledons,  turbinate  at  the  tip,  obtuse,  some- 
times shghtly  contracted  at  the  base  of  the  cotyledons,  close  to  the 
micropyle. 

Seedling". 

Hypocotyl  very  short. 

Cotyledons  oblong-ovate  or  subrotund-ovate,  obtuse,  subemargi- 
nate,  mucronulate,  fleshy,  pale  green  above,  tinted  with  violet  be- 
neath, glabrous  ;  lamina  7  mm.  long,  6  mm.  wide  ;  petiole  flattened, 
glabrous,  5  mm.  long. 

Stem  herbaceous,  elongated  when  about  to  flower. 

Leaves  simple,  radical  and  cauUne,  dull  green  and  thinly  hairy 
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above,  green  or  more  often  violet  beneath,  and  very  hairy,  palmately 
five-  to  seven-nerved  at  the  base  and  alternatelypenninerved  upwards ; 
petioles  semiterete,  channelled  above,  dilated  and  amplexicaul  at  the 
base,  densely  hairy  or  villous.  .  ■ 

No.  1.  Cordate,  obtuse,  five-nerved,  distantly  dentate  with  tri- 
angular, mucronate  teeth. 

Nos.  2  and  8.  Cordate,  acute,  five-  to  seven-nerved  at  the  base, 
coarsely  dentate  with  occasional  smaller  intermediate  teeth,  deeply 
auricled  at  the  base  ;  teeth  mucronate.  The  ultimate  leaves  differ 
httle  except  m  size, 

Senecio  erucsefolius,  Huds. 

Achene  oblong-cylindrical,  narrowed  at  the  very  base,  constricted 
immediately  beneath  the  base  of  the  pappus,  pubescent  with  Imes 
of  short  ascending  hairs ;  pappus  copious,  with  thmly  puberulous 

Seed  oblong,  obtuse,  narrowed  slightly  to  the  base,  smooth,  pale 


Fig.  475.— Senecio  eruccsfoUus.    Two  stages  of  seedling. 

brown  ;  hilum  small,  basal ;  raphe  forming  a  deeper  brown  line  along 
one  side  to  the  apex  of  the  seed. 
Endosperm  absent. 

Evibryo  colourless  ;  cotyledons  as  in  S.  cruentus  ;  radic  e  stout, 
obtuse,  close  to  the  base  of  the  seed,  sHghtly  narrower  than  the 
cotyledons,  but  about  equal  in  length. 

Seedling  (fig.  475). 

Hypocotijl  glabrous,  5-8  mm.  long. 

Cotyledons  immediately  after  germination  small,  oval,  obtuse  or 
rounded  at  both  ends,  entire.  After  they  have  become  three  or  four 
times  as  large,  they  are  still  oval  but  emargmate.  Finally  thej 
become  rotund,  deeply  emarginate,  and  5-7  mm.  long  and  wide. 

The  apex  has  three  or  four  large  open  pores,  which  are  visible 
under  the  microscope  at  an  early  stage  and  continue  more  or  less 
distinct  till  the  cotyledon  becomes  old  and  thick.  _ 

The  cotyledon  is  trinerved  immediately  after  germmation.  i M 
lateral  nerves  and  midrib  are  distinct  in  both  lamina  and  petiole, 
and  are  continued  down  to  the  vascular  bundles  of  the  hypocotji , 
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in  the  lamina  they  curve  round  nearly  parallel  within  the  margm,  but 
are  more  or  less  irregular  or  undulated,  and  unite  with  the  midrib 
close  to  the  apical  sinus.  The  midrib  is  also  undulated  or  zigzag, 
and  gives  off  from  its  angles  alternate,  ascending,  lateral  branches  that 
unite  with  the  lateral  nerves  and  form  a  series  of  large  reticulations. 

Stomata  on  the  under  surface  tolerably  numerous  and  large  ;  few 
on  the  upper  surface,  but  similar  to  those  on  the  under. 

Stem  herbaceous  and  elongated  when  about  to  flower. 

Leaves  simple,  radical  and  cauline,  petiolate  or  sessile  towards 
the  upper  part  of  the  stem,  glabrous  in  the  seedling,  pubescent  and 
cottony  above  m  the  adult  plant,  densely  pubescent  beneath  ;  petioles 
somewhat  channelled  above,  dilated  and  clasping  at  the  base,  gradu- 
ally becoming  shorter  on  the  stem  till  the  leaves  are  sessile. 

Nos.  1  and  2.  Oval,  obtuse,  entire,  with  a  few  alternate,  ascending 
nerves,  glabrous,  bright  green. 

The  leaves  on  the  lower  part  of  the  stem  are  oblong,  obtuse, 
pinnatifid,  or  coarsely  dentate.  The  median  ones  are  sessile,  oblong, 
obtuse,  narrowed  to  the  base,  pinnatisect :  segments  oblong,  obtuse, 
more  or  less  coarsely  dentate  or  incise-dentate  principally  on  the 
posterior  side.  The  upper  ones  are  shorter,  sessile,  much  less  nar- 
rowed at  the  base,  pinnatisect  with  linear  or  oblong  segments,  again 
subpinnatifid  or  coarsely  cut,  especially  on  the  posterior  side. 

Senecio  pulcher,  Hook,  et  Am. 

Primary  root  stout,  colourless,  tapering  downwards,  with  lateral, 
adventitious  roots  which  soon  become  stronger  than  itself. 
Hypocotyl  undeveloped. 

Cotyledons  broadly  ovate-oblong,  obtuse,  minutely  emarginate, 
fleshy,  petiolate  ;  venation  obscure,  comprising  a  midrib  with  irre- 
gular lateral  branches  which  branch  again,  anastomose  and  unite 
with  a  slender  submarginal  nerve,  glabrous,  deep  green,  suffused 
with  violet  beneath  ;  lamina  1-1-8  cm.  long,  7-10  mm.  wide  ;  petiole 
semiterete,  flattened  above  or  shallowly  grooved,  dilated  and  connate 
at  the  base,  1'1-1'9  cm.  long. 

Stevi  herbaceous,  and  developed  when  about  to  flower  ;  primary 
internodes  undeveloped. 

Leaves  simple,  radical  and  cayline  ;  venation  irregular  ;  nerves 
alternate  and  incurving,  obscurely  reticulate,  deep  opaque  green 
above,  paler,  but  often  suffused  with  violet  beneath,  glabrous  ;  petiole 
semiterete,  grooved  above,  dilated  and  clasping  at  the  base,  gla- 
brous. 

No.  1.  Broadly  oval  or  rotund-oval,  obtuse,  obsoletely  dentate. 
No.  2.  Similar,  but  more  decidedly  serrate-dentate. 
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Ultimate  leaves  oblong  or  oblong-elliptic,  unequally  dentate  or 
frequently  lobulate,  fleshy,  alternately  penninerved,  glabrous  or 
slightly  woolly  at  the  margin,  with  long  petioles. 

Senecio  tetranthus,  DC. 

Eypocokjl  erect,  becoming  stouter  upwards,  glabrous,  almost 
colourless  or  reddish,  5-7  mm.  long. 

Cotyledons  oval,  obtuse,  entire,  generally  tipped  with  a  small 
mucro,  glabrous,  with  a  barely  discernible  midrib  seen  only  by 
transmitted  light ;  lamina  5-6  mm.  long,  3-25-4-25  mm.  wide  ; 
petiole  flat  above  or  slightly  grooved,  convex  on  the  back,  4-6  mm. 
long. 

Leaves  simple,  radical  and  cauline,  alternately  and  ascendmgly 
penninerved,  hairy  all  over,  light  green  ;  petiole  semiterete,  chan- 
nelled above,  coarsely  hairy  all  over  with  many-jointed,  whitish 
hairs,  dilated  and  clasping  at  the  base. 

No.  1.  Broadly  ovate,  cuspidately  subacute,  with  a  few  glandular- 
mucronate  teeth  on  each  side,  and  alternate,  bent  or  wavy  nerves 
not  running  directly  into  the  teeth. 

< 

Senecio  vulgaris,  L. 

Primary  root  normal  with  numerous  lateral  rootlets, 
Hypocotyl  erect,  terete,  succulent,  deep  purple  and  shining,  about 

8  mm.  long.  .      .      n    -.r.  i 

Cotyledons  oblong-spathulate,  obtuse,  entire,  tipped  with  a  glan- 
dular mucro,  trinerved,  with  the  lateral  nerves  parallel  with,  and 
close  to  the  margin,  incurved  and  uniting  with  the  midnb  close  to 
the  apex  ;  midrib  giving  off  lateral,  alternate  short  branches  ascend- 
ing irregularly,  and  forming  a  series  of  reticulations  with  the 
lateral  nerves.  The  stomata  are  about  equal  m  number  on  both 
surfaces,  and  the  epidermal  cells  very  wavy  in  outline.  At  the  very 
tip  of  the  cotyledon  and  at  its  apical  edge  are  some  large  open  pores 
in  the  glandular  mucro.  There  are  no  openmgs  on  the  upper  or 
under  surface  corresponding  to  those  close  to  the  apex  m  Galium 
Aparine  and  Lithospermum  officinale. 

Stem  herbaceous,  annual,  fleshy,  erect,  terete  at  the  base,  angled 
and  furrowed  upwards,  sparselj  hairy  or  woolly  when  young, 
ultimately  almost  or  quite  glabrous  ;  1st  internode  4  mm.  long ; 
2nd  2  mm. ;  8rd  10  mm. ;  4th  undeveloped ;  5th  8  mm. ;  6th 

^  "^Leaves  cauline,  lower  petiolate,  upper  sessile,  woolly  or  hairy  at 
the  base  on  both  sides  when  young  like  the  buds,  ultimately 
..labrous  or  nearly  so,  deep  green  above,  paler  or  subglaucous 
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beneath ;  lower  petioles  as  well  as  the  midribs  of  the  sessile  leaves 
grooved  on  the  upper  side,  dilated  at  the  base  and  amplexicaul. 

No.  1,  Spathulate,  obsoletely  serrate. 

No.  2.  Similar,  but  oblong- spathulate. 

Nos.  8  and  4.  Oblong-spathulate,  irregularly  doubly  dentate. 

No.  5.  Spathulate,  oblong,  pmnatifid  and  dentate,  sessile,  sub- 
auricled  at  the  base. 

No.  6.  Oblong,  broadest  at  the  apex,  auricled  at  the  base,  sessile, 
more  deeply  pinuatifid  and  dentate  than  No.  5. 

No.  7.  Sublyrate,  deeply  pinnatifid,  and  irregularly  incise- 
dentate,  narrowed  to  the  base,  but  sessile,  auricled  and  decurrent  on 
.  the  stem. 

Nos.  8-10.  Deeply  lyrate-pinnatifid,  with  linear-oblong,  deeply 
dentate  or  cut  segments,  almost  bipinnatifid,  sessile,  auricled  and 
subdecurrent ;  margins  revolute. 

Senecio  squalidus,  L. 

Primary  root  tapering  downwards  with  numerous  adventitious 
fibrous  rootlets,  colourless. 

Hypocotyl  2  cm.  long,  -75-1  mm.  thick,  becoming  thickened  up- 
wards, deep  dull  purple. 

Cotyledons  spathulate,  entire,  petiolate,  1-3  cm.  long ;  limb 
3  mm.  wide,  glabrous,  green,  suffused  with  purple  beneath. 

Leaves  cauhne,  petiolate,  thinly  pubescent  on  both  sides,  deep 
green  above  and  more  or  less  suffused  with  purple  beneath. 

No.  1.  Oval,  sometimes  spathulate,  obtuse,  and  cuneate  at  the 
base,  obsoletely  serrate  ;  petiole  somewhat  dilated  at  the  base  and 
subamplexicaul,  more  or  less  pubescent,  especially  at  the  edges, 
channelled  above. 

No.  2.  Oval,  obtuse,  obtusely  and  distantly  serrate. 

No.  3.  Oblong,  obtuse,  lobed ;  lobes  short,  subserrate. 

No.  4.  Oblong,  obtuse,  more  deeply  lobed  than  the  last ;  lobes 
subserrate,  penninerved  with  alternate  nerves. 

No.  5.  Oblong,  pinnatifid,  obtuse ;  lobes  more  decidedly  serrate. 

The  stem  in  the  young  state  is  covered  by  the  semisheathing 
petioles. 

Senecio  viscosus,  L. 

Hypocotyl  terete,  about  4  mm.  long,  glabrous,  deep  purphsh- 
red. 

Cotyledons  spathulate,  obtuse,  entire,  glabrous  ;  petiole  slightly 
channelled  above,  8-10  mm.  long. 

Leaves  radical  in  the  seedhng ;  petiole  subamplexicaul,  channelled 
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above,  hairy  with  glandular  jointed  hairs  ;  limb  hairy  on  both  sides 
with  glandular  jointed  hairs. 

No.  1.  Oval,  obtuse,  obscurely  penninerved,  obsoletely  dentate- 
serrate ;  each  serrature  tipped  with  a  gland  or  mucro. 

No.  2.  More  distinctly  dentate-serrate,  oval. 

No!  3'.  With  broadly  triangular,  shallow  and  gland- tipped  ser- 
ratures,  broadly  oblong,  obtuse. 

Senecio  elegans,  L.  (fig.  476). 

Primary  root  tapering,  with  numerous  lateral  rootlets,  annual. 
Eyvocotyl  erect,  terete,  greenish,  succulent,  1-25  cm.  long. 
Cotyledons  spathulate-oblong,  obtuse,  subfleshy,  9  mm.  to  1-2  cm. 
long,  2-3  mm.  wide,  glabrous. 
Stem  herbaceous,  annual. 
Leaves  cauline,  sparsely  hairy  at  least 
when  young ;   lamina  subdecurrent  on 
the  petiole ;  petiole  channelled  above, 
convex  beneath,  hairy  at  the  margin, 
dilated  and  sheathing  at  the  base. 

No.  1.   Rotund,  obsoletely  dentate- 
serrate. 

No.  2.  Subobovate,  obtusely  dentate. 
No.   8.    Larger  and  foreshadowing 
division  at  the  base. 

No.  4.  Broadly  oblong,  obovate,  ob- 
tusely and  shallowly  lobate. 

No.  5.  Irregularly  pinnatifid,  with  a 
small  lateral  obovate  lobe,  and  a  large 
unequaUy  triangular,  obtuse,  shallowly 
lobulate  terminal  segment ;  lobes  very  obtuse,  obsoletely  mucronate- 
dentate  along  the  ends,  revolute  at  the  margm.  ■ 

No.  6.   Similar  with  two  small  alternate,  lateral  segments, 

revolute  at  the  margin.  •  f«„r 

No.  7.  Lyrate-pinnatifid,  revolute  at  the  margm  with  four 
alternate  segments;  terminal  segment  much  smaUer  than  m  the 
TDrecedin-  leaves  ;  lobes  angled  or  dentate  along  the  apex 
'  no  8.  Lyrate-pinnatifid,  oblanceolate  in  outline,  revolute  at  the 
margin;  segments  gradually  smaUer  h'om  the  terminal,  to  the  very 
3,  basal  ones,  angled  and  mucronately  dentate  along  the  ends. 

Senecio  neelgherianus,  DC. 

Cotyledons  spathulate,  obtuse,  tapering  to  the  base,  glabrous, 
pale  green,  Tl  cm.  long,  4-r,  mm.  wide. 


Fig.  476. — Senecio  elegans. 
Half  pat.  size. 
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Sim  subshrubby,  erect,  terete,  slightly  flexuose  near  the  base, 
dull  purple  and  densely  covered  with  spreading  jointed  white  hairs  ; 
Istinternode  7  mm.  long  ;  2nd  7-5  mm.  ;  3rd  7  mm.  ;  4th  7-5  mm. ; 
6th  9-5  mm. ;  6th  13-5  mm. ;  7th  10-5  mm. ;  8th  8  mm.  ;  9th 
5  mm. 

Leaves  cauline,  sessile,  densely  covered  on  both  surfaces  with 
spreading  or  patent,  jointed,  white  hairs,  ascending,  patent,  or  older 
ones  recurved,  revolute  at  the  margin  from  the  fourth  onward. 

No.  1.  Spathulate,  entire,  or  obsoletely  denticulate,  1-75  cm. 
long,  9  mm.  wide  above  the  middle,  tapering  to  a  narrow  base. 

No.  2.  Spathulate,  tapering  to  a  narrow  base,  obsoletely  and 
mucronately  dentate. 

No.  3.  Spathulate,  subserrate  above  the  middle,  tapering  to  a 
rather  broad  base. 

No.  4.  Broadly  spathulate  or  subobovate,  more  decidedly  serrate 
above  the  middle. 

No.  5.  Broadly  spathulate,  serrate  above  the  middle,  tapering  to 
a  broad  base. 

No.  6.  Spathulate,  with  a  broad  base,  serrate  nearly  throughout, 
apex  subacute. 

No.  7.  Spathulate,  acute,  serrated  to  the  base  and  subauricled  ; 
serratures  largest  above  the  middle  of  the  leaf. 

Nos.  8-12.  Spathulate,  acute,  serrate  throughout,  auricled  at  the 
base  and  amplexicaul. 

Senecio  speciosus,  Willd. 

Primary  root  slender,  tapermg,  much  branched,  with  long 
slender,  very  numerous  rootlets,  at  length  overpowered  by  strong 
adventitious  roots  arising  immediately  below  the  leaves. 

Cotyledons  spathulate,  obtuse,  glabrous,  rather  succulent,  pale 
green,  1  cm.  long,  tapering  gradually  into  the  connate  petiole  ; 
petioles  ascending,  7  mm.  long. 

Leaves  radical,  coarsely  hairy  on  both  sides  and  villous  on  the 
midrib  beneath  ;  pale  green  above  and  paler  beneath. 

No.  1.  Rotund,  entire,  obscurely  trinerved,  and  suddenly  tapering 
into  a  broad  channelled  petiole  ;  petiole  subviUous,  dilated  and 
sheathing  at  the  base. 

No.  2.  Broadly  elliptic  and  rounded  at  the  apex,  distantly  and 
obsoletely  dentate  at  the  sides,  otherwise  like  the  first. 

No.  3.  Obovate,  obtuse,  distantly  serrate-dentate,  obscurely 
^ennmerved. 

Nos.  4  and  5.  More  decidedly  serrate ;  serratures  obtuse,  sub- 
mucronate. 
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Ultimate  leaves  linear-oblong,  pinnatifid ;  lobes  shortly  oblong, 
toothed  in  an  irregular  or  jagged  manner  ;  apex  and  long  sub- 
channelled  base  irregularly  toothed,  not  lobed. 

Senecio  polycephalus,  Ledeb. 
Hypocotijl  subterranean  or  none. 

Cotyledons  as  in  S.  speciosus  but  with  a  distmct  petiole,  about 
1-3  cm.  long  including  the  petiole  ;  lamina  5  mm,  wide. 

Leaves  radical  in  young  specimen,  covered  on  both  surfaces  of 
the  petiole  and  lamina  with  coarse,  jointed,  subglandular  hairs ; 
petiole  subamplexicaul  at  the  base. 

No.  1,  Ovate-oblong,  obtuse,  obsoletely  dentate-serrate  ;  petiole 
channelled  above,  convex  below,  about  1  cm.  long. 

No.  2.  Oblong,  obtuse,  cuneate  at  the  base,  distantly  dentate- 
serrate,  with  broadly  triangular  acute  or  mucronate  serratures,  suf- 
fused with  purple  on  the  under  surface. 

No.  8.  Oblong,  apex  mucronate,  otherwise  similar  to  No.  2. 

Gamolepis  Tagetes,  DC. 

Primary  root  short,  tapering,  flexuose,  throwing  out  strong 
branches  at  an  early  stage,  which  soon  supersede  it. 

Hypocotyl  suberect,  terete,  glabrous,  deep  purple,  1-8  cm.  long, 

1-25-1-5  mm.  thick. 

Cotyledons  oval,  obtuse,  shortly  petiolate,  glabrous,  deep  purple  ; 
lamina  7  mm.  long,  5-5  mm.  wide  ;  petiole  2-5  mm.  long. 

Stevi  herbaceous,  annual,  erect,  glabrous,  with  angles  decurrent 
from  the  base  of  the  petioles  ;  1st  internode  2  mm.  long  ;  2nd  1  mm. ; 
3rd  3  mm. ;  4th  3  mm. ;  5th  6-5  mm. ;  6th  1-6  cm. ;  7th  2-2  cm. 

Leaves  simple,  pinnatisect  (after  the  first  one),  cauhne  glabrous ; 
petioles  fleshy,  channeUed  above,  dilated  at  the  base  and  amplexi- 

^^^No  1  Tripartite,  subcuneate,  with  flat,  Unear  segments. 

No.  2.  Pmnatisect ;  segments  in  three  nearly  opposite  pairs  with 
a  terminal  one,  flat,  hnear,  subacute. 

No.  3.  Segments  seven,  fleshy. 

No.  4.  Segments  nine,  alternate,  fleshy,  frequently  with  a  tooth 

on  the  posterior  side.  j    ^  i 

Nos  5  and  6.  Segments  hnear,  slightly  dilated  upwards,  fleshj, 
slightly  channelled  on  the  upper  side,  frequently  folded  up  face  to  face. 

Gamolepis  annua.  Less. 

Hypocotyl  erect,  terete,  shghtly  hoary,  1-5-2  mm.  long,  reddish- 
green,  minutely  pubescent. 
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Cotyledons  ovate-oblong,  obtuse,  very  slightly  emarginate,  fleshy, 
somewhat  incurved,  light  green  above,  tinged  with  red  below, 
glabrous,  one-nerved,  with  short  petioles. 

Stem  short,  erect,  herbaceous  ;  primary  internodes  very  slightly 
developed. 

First  leaves  simple,  deeply  pinnatifid,  petiolate ;  segments  oppo- 
site, sessile,  linear,  acute,  glabrous,  light  green,  one-nerved. 

Calendula  officinalis,  L. 

Achene  polymorphic — those  of  the  ray  incurved,  in  two  to 
three  series,  varying  greatly  in  length  and  outhne,  muricate  on  the 
back,  pubescent,  the  outermost  ones  often  narrow  and  greatly  elon- 
gated or  drawn  out  into  a  beak,  and  more  or  less  produced  into  a 
hooklike  appendage  at  the  base.  The  nest  set  within  this  is  similar 
but  furnished  with  broad  wings,  which  are  involute  at  the  margin 
and  more  or  less  pubescent  as  well  as  muricate  ;  the  inner  ones  are 
strongly  incurved,  often  forming  a  complete  ring,  narrowly  winged 
with  the  wings  involute  at  the  margin,  or  wingless,  short,  muricate 
at  the  back,  smooth  on  the  ventral  face,  with  the  hooklike  appendage 
still  present  at  the  base. 

Seed  terete  or  oblanceolate,  and  tapering  to  the  base,  more  or 
less  compressed  dorso-ventrally,  and  conforming  to  the  outline  of 
the  achene,  glabrous;  testa  thin,  pale,  membranous;  hilum  and 
micropyle  inferior,  contiguous  ;  chalaza  apical,  superior. 

Endosperm  absent. 

Embryo  large  andfilhng  the  entire  seed,  colourless,  more  or  less 
curved  in  conformity  with  the  achene  and  seed  ;  cotyledons  spathu- 
late,  obtuse,  entire,  or  the  outer  dorsal  one  sometimes  mkiutely 
emarginate,  tapering  into  the  radicle  and  lying  in  the  broader  dia- 
meter of  the  seed  with  their  backs  to  the  axis  or  centre  of  the  disc, 
plano-convex,  siibfleshy  ;  radicle  tapering  to  an  obtuse  point,  lying 
m  the  narrow  basal  part  of  the  seed,  about  half  the  length  of  the 
cotyledons  or  less. 

Germination. 

A.  The  outermost  achenes  of  the  capitulum. 

The  radicle  pushes  out  at  the  base  of  the  fruit,  and  the  energy 
of  the  swelling  cotyledons  is  sufficient  to  spht  the  achene  into  two 
or  three  valves  longitudinally,  that  is,  dorso-ventrally,  or  along 
the  back  and  along  the  front  on  either  side  of  the  basal  hook-like 
process.    The  hypocotyl  has  then  no  difficulty  in  extricating  the 

thill  T'       T^^^^*.^ly  ^^^^        during  germination, 

the  seed  is  so  loaded  owing  to  the  extent  of  its  superficial  area,  tha 
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it  is  rarely  carried  up  on  the  cotyledons.  The  cotyledons  when  they 
emerge  are  oblong,  obtuse,  entire,  and  narrowed  to  the  base  Of 
twelve  fruits  of  this  series  sown,  seven  germmated,  or  58-3  per 

B  (fig  477)-    The  achenes  from  the  middle  series  of  the  capitu- 
lum  are  more  or  less  broadly  winged.  The  radicle  pushes  out  at  the 
base  of  the  fruit  apparently  most  frequently  on  the 
ventral  aspect,  and  not  being  able  to  get  clear  of 
the  infolded  margin  of  the  wing,  runs  along  the 
groove,  and  emerguig  at  the  apical  end  of  the 
achene  enters  the  soil,  fixing  down  the  achene 
while  the  hypocotyl  pulls  the  cotyledons  out.  The 
achene  splits  longitudinally  as  in  outer  fruits  of  the 
receptacle  into  three  valves,  and  seems  to  be  rarely, 
if  ever,  carried  up  by  the  cotyledons.    The  figure 
shows  the  seedling  two  days  after  germination 
commenced. 

Of  twelve  fruits  sown,  nine  germinated,  or  7o 

per  cent. 

Calendula  C.  The  innermost  achenes  of  the  capitulum  are 

officinalis^  li.    niuch  curved.    In  germination  they  become  deeply 
Germination.      ^^^.^^  hypocotyl    in  elongating  and 

straightening  pulls  the  cotyledons  out.  The  achene  is  sometunes 
carried  up  on  the  cotyledons,  which  immediately  after  emergence  are 
narrowly  spathulate-oblong,  obtuse,  entire,  narrowed _  to  the  base, 
glabrous,  pale  yeUowish-green.  Of  twelve  fruits  of  this  series,  nme 
germinated,  or  75  per  cent. 

Calendula  hybrida,  L. 

Achene  dimorphic,  obovate-oblong,  ^t^^^^/^^/^tt  IlS 
a  broad  membranous  wing,  or  scarcely  fla.ttened  aad  wmgless  with 

"X^z'tlrming  to  the  shape  of  the  fruit,  exalbuminous,  8- 
10  mm.  long  ;  testa  membranous,  smooth  ;  hilum  inconspicuous. 

Zfc^o  straight,  filling  the  whole  seed,  dirty  grey ;  cotyledons 
linear  obtuse,  entire,  rather  thick,  closely  adpressed,  lymg  he  broad 
way  oi  the  seed ;  radicle  tapering  downwards,  subacute,  much  shorter 
than  the  cotyledons. 

Calendula  pluvialis,  L. 

Achene  dimorphic,  some  winged,  broadly  obovate  or  suk-otund 
(including  wings)  considerably  flattened,  smooth  and  biw^  the 
oThers  wingless,  obovate,  scarcely  flattened,  tubercled,  black. 
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Seed  conforming  to  the  shape  of  the  fruit,  4-5  mm.  long ;  testa 
thin,  membranous  ;  hilum  inconspicuous. 

Embryo  straight,  filling  the  seed,  colourless  ;  cotyledons  linear 
or  Hnear-oblong,  obtuse,  entire,  closely  adpressed,  lying  the  broad 
way  of  the  seed ;  radicle  tapering  to  the  base,  acute. 

Calendula  algarbiensis,  Boiss. 

Achene  at  least  trimorphic  ;  those  of  the  outer  whorl  linear- 
oblong,  straight  or  sUghtly  curved,  wingless,  covered  with  glandular 
hairs,  5-5'5  mm.  long,  surmounted  by  a  beak  from  5-7  mm.  in 
length. 

The  second  whorl  consists  of  curved  fruits,  often  forming  a  com- 
plete coil,  winged,  the  wings  bent  downwards,  covered  with  about 
three  rows  of  pointed  tubercles,  and  slightly  glandular-hairy,  3-5- 
4  mm.  in  diameter. 

The  third  whorl  consists  of  wingless  coiled  fruits,  forming  almost 
a  closed  curve  2-6-3  mm.  in  diameter,  extremely  rugose,  without 
hairs. 

The  fourth  whorl  is  similar  to  the  third,  but  the  fruits  are  much 
smaller,  being  about  1  mm.  long,  and  the  coil  is  not  closed. 

TJrsinia  speciosa,  DC.  (fig.  478). 

Achene  cyhndrical-clavate,  somewhat  curved  about  the  middle 
and  narrowed  at  the  base,  longitudinally  ten-ridged  with  the  ridgea 
in  five  contiguous  pairs,  transversely 
and   minutely  rugose,  brown,  sur- 
rounded  at  the   base  with  white 
cottony  hairs,  and  surmounted  by  a 
paleaceous  pappus  consisting  of  five 
ovate,  obtuse  pieces,  hyaline  or  white 
and   penninerved,   with    a  linear- 
lanceolate,  acute,  pale  brown  midrib. 

Seed  basal,  erect,  conforming  in 

outline  to  that  of  the  achene,  pro-  , 

longed  at  the  base ;  testa  membranous,  ,^s.-Ursinia  speciosa. 

pale,  much  thmner ;  hilum  basal ;  ^'  longitudinal  section  of  achene, 
chalaza  apical.  achene      g'"""^^®^"^®  section  of 

Endosperm  absent. 

^m6r2/o  slightly  curved,  owing  to  the  curve  of  the  achene,  large 
and  filhng  the  interior  of  the  seed  to  which  it  conforms  ;  cotyledons 
hnear-spathulate,  narrow,  truncate  at  the  apex  or  rounded,  or  incipi- 
ently  emargmate  ;  radicle  tapered  to  a  narrow  or  subacute  point,  a 
little  shorter  than  the  cotyledons. 

h  2 
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Seedling. 

Primary  root  tapering  downwards,  wiry,  flexuose,  colourless. 

^''''mjpocotyl  ascending  or  erect,  terete,  glabrous,  about  VI  cm. 

'''''%!^lttnM  obtuse,  entire,  fleshy,  glabrous,  per^stent  and 

'''sirbTbaceous,  annual,  erect,  angled,  glabrous,  pale  green 
sbinine  •  1st  internode  3-5  mm.  long  ;  2nd  5-5  mm. ;  3rd  1  mm 
^nd'cm.;  5tb  5-5  mm.;  6th  1-G5  cm.;  7th  1-45  cm.;  8tb 
cm  ;  9th  1*45  cm.  ,  ^ 

LTaves  simple,  alternate  (first  two  opposite),  glabrous,  deep  green, 
fleshy  pinnatfsect ;  petioles  channelled  above,  e-vf^  ^^^"^ 

n  e  beneath,  the  lower  dilated  and  ^r^-^^'^^'^fm^^^^ 
upper  amplexicaul,  and  auricled  with  a  number  of  filiform,  slender, 

"to s'tS d  2.  Opposite,  pinnatisect,  with  two  alternate  pairs  of 
lateral  segments  anfa  terminal  one  ;  aU  are  hnear  a"^^^^^ 
No  3  and  all  above  it.  Alternate,  pinnatisect ;  segments  Imear 

r'p^SS  "nts  alternate  and  subpinnatifid. 
No.  5.  Pinnatisect,  shghtly  auricled  at  the  base  ;  segments  pm- 

""''nos  6  and  7.  Bipinnatisect,  auricled  at  the  base  with  slender 
iJZ-  pnmary  divisions  of  leaf  oblong-lmear  in  outhne  ;  secondary 
dWons  narrow,  small,  subulate-lanceolate,  suddenly  pointed. 

rofs  10  Pinnatisect  with  linear,  entke,  cuspidate  segments 
chaLeilL  on  the  upper  side,  as  are  all  the  primary  divisions  of  the 
leaves. 

TJrsinia  aiithemoides,  Poir. 
Byfocotyl  ereot.  terete,  glabrous,  2-8  cm.  long,  ligM  green  o, 

"wo-  -ry  similar  to  those  of  U.  speeiosa.  tat  subacute ; 
'^Z:^^^^^^  a  tew  scattered  bairs ;  segments 
wUh  the  primary  internoaes  undeveloped. 
Cryptostemma  calendulaceum,  B.  Br. 

Primary  root  tapering,  flexuose,  succulent,  colourless,  with 
fibrous  lateral  rootlets,  annual. 
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I    •    Hypocotyl  subterranean  and  with  difficulty  distinguishable  from 
I    the  root,  stout,  fleshy,  and  tapering  dowmvards. 
I        Cotyledons  fleshy,  oblong,  obtuse,  tapering  into  a  short  petiole, 
I    connate  and  amplexicaul  at  the  base,  1-45  cm.  long  including 
B   petiole,  4  mm.  wide  above  the  middle,  glabrous. 

Stevi  undeveloped  in  the  seedling  stage,  and  always  very 
short. 

Leaves  simple,  radical,  alternate,  densely  covered  on  the  upper 
surface  with  short,  jointed,  crystalline  hairs,  woolly  on  the  under 
surface  ;  petioles  flattened  above  or  subchannelled,  convex  beneath, 
angled  and  furrowed,  coarsely  hairy  or  becoming  woolly. 

Nos.  1  and  2.  Spathulate,  irregularly  and  obsoletely  dentate, 
tapering  to  both  ends,  subacute,  with  a  strong  median  longitudinal 
nerve. 

No.  3.  Oblong,  obtuse,  repand-dentate,  especially  at  the  un- 
symmetrical  base. 

Nos.  4  and  5.  Oblong,  obtuse,  lyrate-pinnatifid,  unequal  at  the 
base ;   lateral  lobes  oblong,  obtuse  or  cuspidate ;   terminal  lobe 

I large,  oblong,  somewhat  lobed  at  the  base  and  toothed  upwards. 
Ultimate  leaves  oblanceolate,  deeply  lyrate-pinnatifid,  thinly 
woolly  or  subglabrous  above,  with  a  hoary  tomentum  beneath  ;  lower 
lobes  small,  oblong,  with  small  teeth  ;  middle  lobes  broadly  oblong 
in  outline  with  small  teeth  on  the  anterior  side,  and  larger  on  the 
j  posterior,  and  one  large  oblong,  acute,  basal  lobe ;  terminal  lobe 
||   large,  broadly  triangular,  lobulate,  coarsely  dentate  and  denticulate. 

Venidium  calendulaceum,  Less. 

Hypocotyl  erect,  terete,  glabrous,  '5-2  cm.  long,  light  green 
or  colourless. 

Cotyledons  obovate,  obtuse,  emargmate,  fleshy,  shghtly  petiolate, 
glabrous,  hght  green,  almost  colourless  in  some  specimens,  indis- 
1    tinctly  one-nerved. 

Stem  short,  erect,  herbaceous ;  the  primary  internodes  very 
slightly  developed. 

First  leaves  alternate,  cauline,  lanceolate,  subacute,  tapering  to 
the  base,  scarcely  petiolate,  thickly  pubescent  with  glandular  hairs, 
I    entire,  shghtly  ciliated,  light  green  ;  with  a  midrib  and  two  lateral 
i    nerves  running  parallel  to  the  edges. 

\        Berkheya  purpurea.  Mast.  (fig.  479). 

Primary  root  tapering,  giving  off  a  few  lateral  fibrils. 
Hypocotyl  short,  mostly  subterranean,  purphsh-red,  rather 
succulent. 
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Fig.  479. 
Berkheya  purpurea. 
Nat.  size. 


Cotyledons  broadly  obovate-oblong,  entire,  glabrous,  1-05  cm. 
long,  about  9  mm.  wide,  amplexicaul. 

Leaves  simple,  radical  and  cauline,  alternate,  sessile.  _ 
No3  1  and  2.  Elliptical,  irregularly  spiny-serrulate  with  small 
prickles  between  the  larger  ones,  pilose  and 
bright  green  above,  rather  woolly  and  paler 
beneath,  penninerved. 

Ultimate  leaves  sessile,  Hnear-oblan- 
ceolate,  decurrent  on  the  stem,  lobulate 
with  the  margin  undulate  and  densely 
spiny,  the  lobes  tipped  by  a  larger  spine, 
covered  with  coarse  jointed  hairs  above,  and 
woolly  or  cottony  beneath ;  upper  cauline 
leaves  much  narrower,  linear  and  some- 
what broader  above  the  middle,  more 
deeply  lobulate,  with  somewhat  stronger 
spines. 

Gundelia  Tournefortii,  L. 

mjpocotyl  very  stout,  buried  in  the  soil 
or  rising  from  3-15  mm.  above  it,  emerging  from  one  end  of  the 
fruit  in  germination  while  the  radicle  emerges  fi-om  tbe  other. 

Cotyledons  oblong,  obtuse,  entire  and  rounded  at  the  base,  and 
flat  or  variously  and  unequaUy  emarginate  at  the  apex  with  a  deep 
tngiTuIfnal  channel  or  furrow  along  the  centre  or  towards  one 
s?de  and  bluntly  keeled  beneath,  fleshy,  glabrous,  with  very  diffi- 
cultly dt^^^^^^^^^    reticulate  venation,  sessHe  connate  at  the  ba.e 
and  forming  a  long  sheath  from  whence  the  first  leaf  e-rges  w^e 
tbP  nlumule  is  stiU  hidden,  2-5-3-2  cm.  long,  1-1  5  cm.  wide, 
though  rarely  tootW  near  the  ^V^^^J^^^ZJ^ 
the  cotyledons  is  probably  due  to  their  bemg  folded  longitudmaUy 

"  'i« 'simple,  radical  and  cauline,  alternate,  e^stipulate. 

F  rTleafsL^-shaped,  involute  at  the  base^here  ■  emerg 
from  the  sheath  of  the  cotyledons,  thicMj  and  -  J^?  ^^'^ 
„ith  small  spiny  bristles  or  teeth  ;  venation  mcurved  and  reticu 

late. 

Carduus  giganteus,  Desf. 
Hwocoi^/^  very  short,  erect,  terete,  glabrous.  ■ 
fayLns  long,  obovate-oblong,  fleshy,  obtuse,  slightly  emar 
ginate,  petiolate,  glabrous,  green,  pmnatmerved. 
Stem  with  the  primary  internodes  undeveloped. 
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Leaves  simple,  cauline,  alternate,  petiolate,  acute,  spiny,  hairy, 
light  green,  reticulate.    The  first  two  are  lanceolate -elliptic. 

Cnicus  diacanthus,  Benth.  (fig.  480). 

Primary  root  a  fleshy,  colourless  taproot,  with  a  few  lateral 
fibres. 

Hypocotyl  succulent,  suberect,  terete,  1-2  cm.  long,  2  mm. 
thick,  quite  glabrous,  greenish-white,  mostly  subterranean. 

Cotyledons  connate, 
2-2-5  cm.  long,  1-1-25 
cm.  wide,  obovate  or 
spathulate,  produced  at 
the  base,  rounded  at  the 
apex,  entire,  with  distinct 
midrib,  quite  glabrous, 
rather  thick,  yellowish- 
green  above,  paler  be- 
neath. 

The  stem  is  developed 
when  about  to  flower. 

The  first  three  leaves 
are  5-8  cm.  long,  and 
1  cm.  wide,  lanceolate, 
much  narrowed  to  the 
base,  acute  at  the  apex, 
with  three  or  more  pairs 
of  nerves  springing  from 
a  broad  sunk  midrib,  and 
termiaating  in  setaceous 
teeth,  and  tomentose,  especially  on  the  under  side,  slightly  succu- 
lent, bright  green  above,  tomentose  beneath. 

Ultimate  leaves  simple,  radical  and  cauhne,  alternate,  sessile 
or  the  radical  ones  elongated  into  a  petiole-like  base,  alternately 
incurvinerved,  toothed,  or  lobed,  or  subpinnatifid,  spmy,  deep  green 
above  with  silvery  midrib  and  principal  nerves,  somewhat  felted 
or  cottony,  colourless  and  tomentose  beneath  ;  radical  ones  dilated 
and  sheathing  at  the  base. 

Cnicus  syriacus,  Willd. 

Primary  root  very  long,  stout,  tap&ring  downwards,  with  short 
lateral  rootlets,  annual. 

Hypocotyl  very  short,  and  hardly  distinguishable  from  the 
root. 


Fig.  480. — Cnicus  diacanthus.  Half  nat.  size. 
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Cotyledons  obovate,  obtuse,  slightly  emarginate  or  nearly  entire, 
taperin^  into  the  broad  petiole,  which  is  connate  at  the  base,  alter- 
nately and  ascendingly  penninerved,  but  venation  discernible  with 
difficulty,  light  green  above  with  a  purple  midrib,  much  paler  be- 
neath, glabrous,  3-5-G-2  cm.  long  including  the  petiole,  2-2-5  cm. 

wide  near  the  apex.  _  ,  .  n 

Stem  erect,  herbaceous,  annual,  developing  when  about  to  flower ; 
primary  internodes  undeveloped. 

Leaves  radical  and  cauline,  alternate  (first  pair  opposite),  nerves 
alternately  incurving,  strongly  reticulate,  and  giving  off  short  more 
slender  branches  into  the  marginal  lobes  or  teeth,  margin  spiny, 
subsucculent,  thinly  hairy  on  both  sides  with  soft,  whitish,  jointed 
hairs,  deep  green  above,  with  a  purple  midrib,  and  marked  with 
broad  grey  or  whitish  bands  ;  petioles  semiterete  with  broad  shallow 
channels  above  which  are  generally  purple  with  green  margins 
green  beneath,  thinly  hairy  or  slightly  woolly  at  the  margins,  dilated 
at  the  base  and  semi-amplexicaul  or  those  of  the  first  pair  connate. 

Nos.  1  and  2.  IliUip- 
tic,  obtuse,  margin  un- 
equally spiny-toothed. 

Nos.  3-6.  EUiptic  or 
oblong-elliptic,  very  ob- 
tuse, lobulate  and  spmy- 
toothed. 

Silybum    Marian  um, 

GcBrtn.  (fig.  481). 

Primary  root  long, 
tapering,  fleshy,  colourless, 
giving  off  lateral  fibres, 
biennial. 

Hypocotyl  subterra- 
nean, stout  and  scarcely 
distinguishable  from  the 
root. 

Cotyledons  large,  foli- 
aceous,  obovate  -  obloug, 
obtuse,  tapering  into  the 
broad,  flattened  petiole, 
penninerved,  nerves  alter- 
nate ;  petiole  about  1-7  cm. 
long,  connate  and  amplexicaul ;  lamina  2-6  cm.  long,  1-8  cm.  wide. 
Stem  developed  in  the  second  year. 


Fig.  i81.—Silyhu7n  Marianwm. 
Half  nat.  size. 
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Leaves  radical  and  cauline,  alternate,  petiole  dilated  and  sheath- 
ing at  the  base,  more  or  less  hairy  or  villous  at  the  margin  and 
beneath,  variegated  on  the  upper  surface  with  ascending  and 
anastomosing,  broad,  milk-white  veins  on  a  bright  green  ground, 
paler  green  on  the  under  side. 

Nos.  1  and  2.  Oval,  obtuse,  cuneate  at  the  base,  doubly  spiny- 
toothed,  sparsely  setose  on  the  upper  surface,  and  villous  on  the 
midrib  beneath. 

Nos.  3  and  4.  Oblong,  obtuse,  pinnatifid,  cuneate  at  the  base, 
doubly  spiny-toothed.    Otherwise  hke  Nos.  1  and  2. 

Ultimate  leaves  oblong-lanceolate,  deeply  pinnatifid,  decur- 
rent  on  the  petiole  and  auricled  at  the  base,  woolly  on  the  midrib 
and  papillose  on  both  surfaces,  ultimately  glabrous,  bright  green, 
reticulated  with  milky-white  veins  ;  lobes  broadly  deltoid,  lobulate, 
and  spiny-serrate,  with  a  large  spine  terminating  each  lobe  and 
large  tooth. 

Tyrimnus  leucographus,  Cass. 

Primary  root  strong,  tapering  downwards,  normal,  annual. 
Hypocotyl  short  or  hardly  developed. 

Cotyledons  oblong,  obtuse,  entire,  tipped  with  a  pale  gland,  sub- 
fleshy  with  a  strong  midrib  and  indistinctly  discernible,  alternate, 
ascending  nerves  finely  but  very  indistinctly  reticulate,  tapering  at 
the  base  into  a  short  broad  petiole  which  is  connate  with  the  other 
one,  glabrous,  shining  on  both  surfaces,  light  green  above,  paler 
beneath,  l-8-2'2  cm.  long  including  the  petiole,  9-10-6 '  mm. 
wide. 

Stem  erect,  annual,  developed  when  about  to  flowfer,  and  winged 
by  the  decurrent  bases  of  the  leaves ;  primary  interiiodes  unde- 
veloped. 

Leaves  simple,  radical  and  cauline,  alternate,  a  few  of  the 
primary  leaves  petiolate,  the  rest  sessile  ;  nerves  alternate  and 
mcurving,  strongly  reticulate  ;  thinly  hairy  on  both  surfaces,  with 
soft,  whitish,  jointed  hairs,  bright  green,  shining,  and  irregularly 
blotched  with  white  markings  on  the  upper  surface,  uniformly  pale 
green,  almost  glaucous  beneath ;  petioles  of  first  few  leaves  very 
short,  flat  above,  convex  on  the  back,  thinly  hairy. 

Nos.  1  and  2.  Oval,  obtuse,  shortly  petiolate,  irregularly  and 
"  minutely  spiny-toothed. 

Nos.  3-5.  Oblong,  or  oblong-obovate,  lobulate,  and  irregularly 
spiny-toothed. 

CauHne  leaves  sinuately  lobate  or  pinnatifid,  irregularly  spiny- 
toothed,  decurrent  on  the  stem,  forming  wings. 
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Centaurea  Clementei,  Boiss.  (fig.  482). 

Primary  root  pale  yellowish,  stout  or  fleshy,  tapering,  with  short 

stout  lateral  rootlets. 

Hypocotyl  stout,  glabrous,  cylindrical,  red  above  ground  and 
yellowish  beneath,  1-3  cm.  long,  2-25  mm.  thick.  _  _ 

Cotyledons  foliaceous,  spathulate,  obtuse,  entire,  tapering  into 
the  petiole  which  is  dilated  and  connate  with  the  other  one  at  the 
base,  3-9  cm.  long  including  the  petiole,  1-1  cm.  wide  near  the  top, 
pale  green,  glabrous.  ^  ^^^^^  herbaceous, 

elongating  when  about 
to  flower. 

Leaves  radical  and 
ultimately  also  cauline, 
alternate,  whitish  and 
cottony  on  both  sides, 
especially  when  young; 
petioles  sUghtly  chan- 
nelled on  the  upper  side, 
dilated  and  sheathing  at 
the  base. 

No.  1.  Spathulate, 
acute,  entire. 

No.  2.   Ovate,  sub- 
acute, unequaUy  dentate-serrate  (deformed  in  specimen  described). 

No.  3-  Oblong-elliptic  in  outhne,  acute,  pinnatifid ;  lower  seg- 
ments smaU,  usually  unequal ;  middle  segments  larger,  ovate, 
acute,  with  a  strong  nerve  running  mto  them;  termmal  seg- 
ment much  the  largest,  oblong-ovate,  trinerved,  more  or  less 
serrate. 

No.  4.  Similar  but  more  deeply  cut. 
Centaurea  ragusina,  L. 

Hypocotyl  8-14  mm.  long,  1-1'5  mm.  thick,  pale  green,  almost 
■wiry  in  texture. 

Cotyledons  as  in  C.  Clementei. 

Stem  herbaceous,  very  short. 

Leaves  radical  and  cauline,  alternate,  petiolate. 

No.  1.  Spathulate,  obtuse  or  apiculate,  entire,  thinly  tomentose 
on  both  sides,  pale  green  or  nearly  colourless,  thick  and  soft ;  petiole 
4  mm.  long,  shghtly  chamielled  above. 

No  2.  Similar,  whiter  and  more  tomentose. 

Succeeding  forms  are  gradually  larger,  spathulate,  entire  or 


Fig.  482. — Centaurea  Clementei. 
Half  nat.  aize. 


COMPOSITiE 


155 


slightly  dentate  ;  then  oblong-ovate,  obtuse,  cuneate  at  the  base, 
more  or  less  irregularly  dentate. 

Ultimate  leaves  oblong,  petiolate,  lyrate-pinnatifid,  felted  on 
both  surfaces  with  a  dense  white  tomentum  ;  terminal  segment 
ovate  or  triangular-ovate,  large,  pinnatifid  at  the  base  and  toothed 
upwards ;  lateral  segments  alternate  or  subopposite,  spathulate- 
oblong,  narrowed  to  an  obtuse  point,  entire. 

Mutisia  ilicifolia,  Hooh.  (fig.  483). 

Hypocotyl  extremely  short,  hardly  appearing  above  the  ground, 
almost  square,  downy. 

Cotyledons  ovate,  thick, 
fleshy,  acute,  recurved,  with 
their  points  penetrating  the 
ground,  glabrous,  dark  green, 
indistinctly  nerved,  with  short 
petioles. 

Stem  erect,  herbaceous, 
almost  square,  thickly  covered 
with  down ;  1st  internode 
very  short ;  2nd  longer. 

First  leaves  simple,  cau- 
line,  alternate,  ovate  with  a 
cordate  base,  toothed  or  spiny, 
sessile,  clasping  the  stem,  glabrous,  light  green,  with  a  distinctly 
reticulate  venation.    The  buds  are  covered  with  a  thick  white  down. 

Mutisia  copiapina,  Auct. 

Hypocotyl  erect,  terete,  7-5-10  mm.  long,  hoary,  greenish,  or 
stained  with  red. 

Cotyledons  oblong  or  sUghtly  ovate,  large,  from  3-5-4  cm.  long, 
ascending,  otherwise  as  in  last  species. 

Stem  short,  erect,  terete,  glabrous,  light  green ;  1st  internode 
1-2  mm.  long  ;  2nd  shorter. 

Leaves  oblong,  otherwise  as  in  the  last  species. 

In  an  abnormal  specimen  one  of  the  cotyledons  was  divided  down 
to  the  base,  forming  two  Hnear  leaves,  givhig  the  plant  the  appear- 
ance of  having  three  cotyledons. 

Ainslisea  fragrans,  Champ. 

Hypocotyl  rather  succulent,  5-10  mm.  long,  1  mm.  thick,  terete, 
glabrous,  reddish. 

Cotyledons  shortly  stalked,  1-5  cm.  long,  5-7  mm.  wide,  ovate- 


Fig.  483. — Mutisia  ilicifolia. 
Half  nat.  size. 
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oblong,  cuneate  at  the  base,  with  an  obtuse  apex,  entire,  glabrous 
obscurely  nerved  and  dull  greenish-grey  above,  bronzed  beneath,  with 
distinct  midrib  and  two  long  nerves  running  just  withm  the  margin, 

^^eaves  radical  and  cauline,  alternate,  with  the  principal  nerves 
of  the  radical  leaves  radiating  from  the  base  of  the  blade  and  m- 
curved,  hairy  ;  cauline  small ;  petiole  semiterete,  hairy 

Nos  1  and  2.  Eoundly  cordate,  cuspidate  or  mucronate,  pubescent 
and  hispid,  with  bristly  upcurved  teeth  at  the  margm  and  a  pube- 
scent  petiole. 

Gerbera  lanuginosa,  Benth.  (fig.  484). 

Primary  rooi  normal,  tapering,  flexuose,  branching. 

Hvpocotyl  short,  colourless,  succulent,  2  mm.  long. 

c  fyledois  oblong,  obtuse,  8-10  mm.  long,  4  mm.  wide  ;  pefaok 

channelled  above,  convex  beneath,  7  mm. 

long. 

Leaves  simple,  radical,  alternate, 
glabrous  above  and  felted  with  white 
tomentum  beneath,  decurrent  on  the 
petiole  ;  petioles  dilated  and  sheathing  at 
the  base,  deeply  channelled  above,  gla- 
brous, except  where  the  lamina  is  decur- 
rent, woolly  in  the  adult. 

No.  1.  Eoundish-rhomboid,  cuneate 
at  the  base,  subrepand-denticulate,  teeth 
almost  reduced  to  mucros. 

No.  2.  Rotund-cordate,  acute,  repand- 
denticulate,  with  mucronate  teeth. 

Ultimate  leaves  lyrate-pmnatifid,  ob- 

  long-obovate  in  outhne,  petiolate,  gla- 

brescent  above,  felted  beneath  with  white  tomentum ;  lateral  lobes 
alternate  short,  rounded,  becoming  very  much  smaller  towards  the 
base  te  minal  one  much  the  largest,  oblong,  obtuse,  distantly  and 
^uL'onatSy  dentate,  frequently  truncate  at  the  base,  very  short  and 
broad  ;  petioles  channelled  above,  woolly. 

Leuceria  senecioides.  Hook,  et  Am. 

Hypocot,jl  erect,  terete,  finely  pubescent,  1-1-5  mm.  long,  Ught 

^"co:;iTttotund,  emarginate,  obtuse,  fleshy.  peti^Ute 
green  very  indistinctly  pinnatinerved  ;  petioles  and  margin  with  a 
few  short  hairs,  otherwise  glabrous. 


Fib.  484. 
Gerbera  lanuginosa. 
Nat.  size. 
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Stejn  with  the  primary  internodes  undeveloped. 

First  leaves  simple,  cauline,  alternate,  sinuate,  subacute,  obo- 
vate-oblong,  petiolate,  finely  pubescent,  light  green,  pinnatinerved, 
with  alternate  or  subopposite,  obtuse  or  acute 
lobes.  A  ^ 

Moscharia  pinnatifida,  Buiz  et  Pav. 
(fig.  485). 

Achene  enclosed  in  an  oblique  or  sub- 
carinate  bract,  which  springs  from  the  re- 
ceptacle and  entirely  surrounds  it ;  obovate, 
suboblique,  with  a  short  pappus  of  feathery 
unequal  hairs  springing  apparently  from  one 
corner  and  fitting  into  the  cavity  of  the 
receptacular  bract. 

Seed  obovoid,  obtuse  at  both  ends,  brown, 
basal ;  chalaza  apical. 

Endosperm  absent. 

Embryo  obovoid,  fleshy,  colourless,  filhng 
straight ;  cotyledons  plano-convex,  closely 
minutely  emarginate  ;   radicle  subturbinate, 
close  to  the  hilum. 

Moscharia  rosea,  Buiz  et 
Pav.  (fig.  486). 

Primary  root  vertical, 
slender,  colourless,  with  a 
few  fibres. 

Hypocotyl  succulent, 
about  1  cm.  long,  1'5  mm. 
thick,  terete,  pubescent, 
colourless. 

Cotyledons  oblate,  6  mm. 
long,  8  mm.  wide,  retuse 
or  emarginate  at  the  apex, 
obscurely  nerved,  pubescent, 
thin,  yellowish-green ;  peti- 
oles about  8  mm.  long,  1-5 
mm.  wide,  connate,  pubes- 
cent. 


Fig.  485. — Moscharia  pin- 
natifida. A,  longitudi- 
nal section  of  achene, 
showing  embryo,  x  8. 
B,  transverse  section  of 
achene,  x  8. 


smooth,  small ;  hilum 

the  cavity  of  the  seed, 
appUed  face  to  face, 
stout,  obtuse,  short, 


Fio.  i8&.— Moscharia  rosea.   Nat.  size. 


Stem  short,  succulent,  pubescent  and  reddish  when  quite 
young. 

The  first  leaf  is  lyrately  pinnatifid,  penninerved,  pubescent,  thin, 
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including  the  long  pubescent  petiole  about  8  cm.  long,  nearly 
1  cm.  wide,  yellowish-green.    The  next  two  are  similar. 

Ultimate  leaves  simple,  radical,  and  cauhne,  alternate,  petio- 
late  or  sessile,  alternately  penninerved,  pinnatifid,  hairy ;  petiole  of 
the  radical  leaves  semiterete,  hairy,  dilated  and  sheathing  at  the 
base. 

Microseris  Bigelovii,  A.  Gray. 

Primary  root  annual,  tapering,  slender  and  branched. 
Hypocotyl  glabrous,  terete,  red,  9-12  mm.  long,  tapering  into 
and  hardly  distinguishable  from  the  root. 
Cotyledons  linear,  slender. 

Stem  herbaceous,  annual,  erect,  terete,  thinly  glandular-haury, 
reddish  or  purplish  ;  1st  internode  '5-1  mm.  long  ;  2nd  about 
1  mm. 

Leaves  simple,  cauhne,  alternate,  sessile,  sheathing  at  the  base, 
and  cihate  there  with  white  hairs,  especially  on  the  sheathmg 

^^^Nos.  1-6.  Linear,  entire,  acute,  shallowly  channelled  above, 
slightly  keeled  beneath,  and  very  shghtly  widened  above  the 
middle,  so  that  they  do  not  greatly  differ  from  the  cotyledons. 

Rhagadiolus  stellatus,  DC. 

Achene  almost  enclosed  by  a  partially hgnified  bract;  lanceolate 
or  subulate,  straight  or  curved,  prolonged  into  a  beak,  or  m  others 

crowned  by  a  pappus.  ,  ,  ,  ,    ^^  a  , 

Seed  conforming  in  shape  to  the  fruit,  somewhat  lateraUy  flat- 
tened or  terete  ;  testa  smooth  ;  hilum  inconspicuous. 

Embryo  straight,  filling  the  whole  of  the  seed ;  cotyledons 
linear,  obtuse,  entire,  yellowish-white,  plano-convex,  closely  ad- 
pressed  face  to  face,  sessile,  lying  the  broad  way  of  the  seed,  with 
their  edges  to  the  axis  of  the  disc;  radicle  short,  terete,  much 
shorter  than  the  cotyledons,  obtuse. 

Seedling  (fig.  487). 

Primary  root  long,  slender,  tapermg,  giving  ofif  numerous  lateral 

rootlets,  annual. 

Hypocotyl  short,  stout,  fleshy,  passing  into  the  root. 

Cotyledons  oblong-spathulate,  obtuse,  glabrous,  1-5  cm.  long , 
petiole  flattened  above,  scarcely  channelled,  1  cm.  long. 

Stem  annual,  developed  when  about  to  flower. 

Leaves  simple,  radical,  ultimately  cauhne,  alternate,  hght  green, 
rather  coarsely  hairy,  especially  on  the  under  side  and  the  petioles  , 
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petioles  short  or  none,  winged  for  a  great  part  by  the  decurrent 
lamina,  flattened  above,  dilated  at  the  base. 

No.  1.  With  a  short,  broadly  elliptic  lamina,  decurrent  nearly 
to  the  base  of  the  petiole,  obsoletely,  distantly,  and  mucronately 
dentate. 

No.  2.  With  a  rotund  lamina  decurrent  on  the  petiole  ;  wing 
with  a  few  deltoid  mucronate  teeth. 

Nos.  3-6.  Irregularly  runcmate ;  terminal  segment  rotund, 
obsoletely,  mucronately  dentate  ;  lateral  segments  of  Nos.  3  and  4 
deltoid,  mucronate,  decurved ;  lateral  segments  of  Nos.  5  and  6 
broadly  oblong,  mucronate,  obtuse,  subdecurved. 


Fig.  m.—Bhagadiolus  atellatus. 
HaK  nat.  size. 


Fig.  488. — Lactuca  Imvigata. 
Half  nat.  size. 


Lactuca  laevigata,  DC.  (fig.  488). 

_  Primary  root  a  short,  stout,  fleshy  or  tuberous  taproot,  colourless, 
givmg  off  numerous  lateral  branching  fibres. 
Hypocotyl  subterranean. 

Cotyledons  spathulate,  obtuse,  entire,  glabrous,  8  to  10  mm 
long. 

Leaves  radical,  alternate,  glabrous,  with  petioles  sheathing  at 
No.  1.  Oval,  obtuse,  entire,  cuneate  at  the  base,  obscurely  penni- 
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nerved  and  reticulate,  pale  green  above,  glaucous  beneath;  petiole 
terete,  slender,  pale  green  mottled  with  purple,  sheathing  at  the 

No  2  Lanceolate,  obtuse,  entire,  five-nerved  and  reticulate, 
deep  green  above,  glaucous  beneath;  petiole  terete,  pale  green, 
closely  mottled  and  streaked  with  purple,  sheathing  at  the  base. 

No  8  Lyrate-pinnatifid  of  seven  segments ;  segments  Imear, 
obtuse" or  subacute,  glaucous-green  suffused  with  purple,  the  lowest 
pair  smallest ;  terminal  segment  much  the  largest,  oblong-lanceo- 
late, obtuse,  irregularly  serrate,  penninerved  and  reticu  ate  glaucous- 
green  suffused  with  purple,  glaucous  beneath;  petiole  terete,  pale 
green  mottled  and  streaked  with  purple. 

Sonchus  squarrosus,  DG. 

Eypocotyl  erect,  terete,  glabrous,  1-1-5  mm.  long,  light  green 

or  colourless.  .  i-  i  „io 

Cotyledons  oblong-obovate,  obtuse,  emargmate,  petioiate,  gla- 
brous, hght  green,  pinnatinerved  like  the  leaves. 

S^m  herbaceous,  erect ;  primary  internodes  undeveloped. 
Primary  leaves  simple,  alternate,  subrotund,  obtuse,  denta  e- 
serrate  with  a  few  scattered  bristly  hairs  above,  glabrous  beneath, 
light  green  with  a  faint  tinge  of  violet,  pinnatmerved. 

Sonchus  arvensis,  L. 

Leaves  simple,  ultimately  more  or  less  pinnatifid  and  spiny- 
toothed,  thinly  glandular-hairy  or  pubescent  on  both  surfaces,  at 
least  in  the  seedling  stage. 

No  1.  Obovate-spathulate,  entire,  1*7  cm.  long. 

Nos.  2  and  8.  Oblanceolate-spathulate,  irregularly  spmy-den- 

^'To'a.  Spathulate,  subdecurrent  on  the  petiole,  with  margin 
undulate,  spiny-toothed.  .  .... 

No.  5.  Spathulate-oblong.  margm  undulate,  spmy-toothed 

No  6  linear-oblong,  sessile,  broadest  near  the  tip,  tapermg  to 

toothed  lobes. 
Zollikoferia  sp. 

Eypocotyl  erect,  terete,  glabrous,  6-10  mm.  long,  hght  green 
or  colourless. 
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Cotyledons  spathulate-obovate,  obtuse,  slightly  emarginate, 
glabrous,  light  green,  indistinctly  trinerved. 

Stem  with  the  primary  internodes  undeveloped. 

First  leaves  simple,  cauline,  alternate,  or  in  some  plants  the 
first  pair  are  opposite,  dentate,  oblong-obovate,  obtuse,  petiolate, 
glabrous,  light  gi-een,  reticulate. 

Tragopogon  crocifolium,  L. 

Hypocotyl  erect,  terete,  glabrous,  8-10  mm.  long,  tinged  with 

red. 

Cotyledons  long,  hnear,  acute,  clasping  the  stem,  sessile,  gla- 
brous, hght  green,  one-nerved  like  the  first  leaves. 

Stem  with  primary  internodes  undeveloped. 

First  leaves  simple,  entire,  radical,  alternate,  hnear,  narrow, 
acute,  hght  green,  glabrous,  one-nerved. 


STYLIDIE^. 

Benth.  et  Hook.  Gen.  PI.  ii.  534. 

Fruit  and  Seed.— The  ovary  is  inferior  and  two-celled,  or 
one-celled  at  the  very  base.  The  ovules  are  very  numerous 
in  each  cell,  attached  to  the  middle  of  the  axile  placentas  and 
anatropous.  The  fruit  is  capsular  and  two-celled,  or  one-celled 
by  the  disappearance  of  the  dissepiment,  generally  dehiscing 
by  two  valves  parallel  to  the  septum,  more  rarely  indehiscent' 
The  seeds  are  numerous,  rarely  solitary  by  abortion,  and  always 
small  with  a  membranous  testa  and  a  fleshy  endosperm.  The 
embryo  is  minute,  embedded  in  the  endosperm,  with  the 
I  radicle  close  to  the  hilum. 

The  species  of  Levenhookia  ha^ve  generally  a  one-celled 
ovary  with  a  few  seeds  arising  from  a  basal  placenta  and 
more  or  less  attached  to  the  side  walls. 

Seedlings -T^ai^  Order  is  a  small  one,  containing  about 
one  hundred  species  or  slightly  fewer,  of  which  the  typical 
genus  Styhdium  numbers  about  eighty-four,  of  various  habit 
but  always  herbaceous,  and  often  with  small  densely  ar 

'2^fRQ^'''r/°'^?^'^*  resembling  a  Heath.  S.  adnatum 
(hg.  489)  IS  the  only  species  observed.    The  cotyledons  are 
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Fig.  489. 

Styhdium 
adnatum,  x  8. 
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small,  obovate,  minutely  cuspidate,  sessile, 
tapering  to  the  base  and  slightly  connate. 
The  leaves  are  somewhat  similar,  but  narrower 
and  densely  arranged. 

Stylidium  adnatum,  B.  Br.  (fig.  489). 

Prwiary  root  tapering  downwards,  flexuose, 
slender,  with  slender  lateral  rootlets,  perennial. 

Eypocot^jl  erect,  terete,  more  or  less  rough, 
with  little  tuberculated  elevations,  pale  flesh- 
coloured  or  colourless,  6-5-11  mm.  long. 

Cotyledons  obovate,  obtuse,  indistinctly  petio- 
late,  entire,  minutely  cuspidate,  glabrous,  Hght 
green,  with  a  difficultly  discernible  midrib,  2-75- 
3-5  mm.  long  including  the  petiole-hke  base, 

1-75-2  mm.  wide. 

Stem  erect,  subterete  or  obtusely  angled, 
glabrous,  but  roughened  with  numerous  small 
colourless  elevations,  leafy;  1st  and  2nd  mter- 
nodes  undeveloped ;  3rd  very  variable,  2-6  mm. 
long ;  the  rest  generally  very  short  with  the  leaves 
close  together. 

Leaves  simple,  entire,  cauhne,  alternate  (the 
first  two  opposite,  decussating  with  the  cotyle- 
dons), exstipulate,  petiolate,  with  a  midrib,  but  no 
other  discernible  venation  in  the  fresh  state, 
scaberulous  or  minutely  ciliate  at  the  margm  with 
colourless  hairs  or  short  points,  otherwise  gla- 
brous, hght  green;  petiole  biconvex,  narrowly 
ChanneUed  above,  thickened  at  its  msertion  on 
the  stem,  short,  glabrous,  pale  green. 

Nos  1-30.  AH  similar,  small,  spathulate  or 
oblanceolate,  minutely  cuspidate,  nan-owed  mto 
the  petiole,  very  numerous  and  closely  aggregated. 
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CAMPANULACEiE. 

Benth.  et  Hook.  Gen.  PI.  ii.  541. 

Fruit  and  Seed. — The  ovary  is  inferior  or  half,  rarely  wholly 
superior,  and  generally  2-5-,  rarely  6-10-celled,  and  consisting 
of  as  many  carpels ;  a  one-celled  condition  is  rare  and  then 
probably  occurs  through  the  abortion  of  one  out  of  two  carpels, 
or  more  generally  by  the  disappearance  of  the  septa  during 
growth.  The  placentas  are  mostly  axile,  sometimes  attached  to 
the  middle  of  the  septa  where  they  become  stalked  or  peltate. 
The  ovules  are  numerous,  rarely  two,  and  attached  either  at  the 
top  or  base  of  the  cell,  erect,  horizontal,  or  pendulous  and  ana- 
tropous.  The  fruit  is  capsular  or  baccate,  dehiscing  variously  by 
pores  or  valves  beneath  or  above  the  calyx-limb,  or  indehiscent 
and  liberating  the  seeds  by  decay.  The  seeds  are  mostly  very 
small  and  numerous  with  a  membranous  or  leathery  testa. 
The  embryo  is  also  minute  and  embedded  in  the  axis  of  the 
endosperm  with  the  radicle  close  to  the  hilum. 

Exceptions  occur  in  species  of  Lysipoma,  Clermontia  and 
Delissea,  which  have  a  one-celled  ovary  with  parietal  placentas, 
but  even  here  these  conditions  are  very  rare.  In  Merciera 
the  one-celled  ovary  has  a  pair  of  basal  erect  ovules  ;  and  in 
Siphocodon  the  ovary  is  three-celled,  but  the  ovules  are  sus- 
pended from  the  apex  of  the  cavities.  Baccate  fruits  occur 
in  Pratia,  Colensoa,  KoUandia,  Cyanea,  Dehssea,  Clermontia, 
and  others  both  of  the  tribes  LobeHeje  and  Campanulete. 

Seedlings. — Amongst  the  seedlings  observed  are  three 
different  types  of  cotyledons,  namely,  subulate,  ovate,  and 
rotund  or  suborbicular,  frequently  emarginate.  As  the 
embryo  is  very  small  while  yet  in  the  seed,  the  ultimate 
form  of  the  cotyledons  is  due  to  growth  or  development  during 
and  after  germination. 

The  subulate  type  may  be  represented  by  Downingia 
pulchella  (fig.  490).  The  cotyledons  are  subulate-linear,  6- 
7  mm.  long,  and  precisely  similar  to  the  first  pair  of  leaves.  The 
upper  leaves  become  gradually  wider  and  3-5-nerved.  The 
ovate  type  is  fairly  represented  by  Lobelia  Erinus  (fig.  492). 
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Although  very  small  they  are  mostly  if  not  always  sUghtly 
emarginate  and  shortly  petiolate,  not  only  m  this  species  but 
the  whole  group.  The  first  two  leaves  of  L  Ermus  are  ovate 
or  elliptic  with  slender  petioles.  The  cotyledons  of  Lobeha 
Wor  are  much  larger,  ovate,  and  emargmate  with  longer 
petioles.    The  first  two  leaves  are  rhomboid,  while  the  third  is 

fihallowly  five-lobed.  .     •  /c 

Another  type  is  furnished  by  Campanula  bononiensiB  (fig. 
498)  The  ootyledonB  resemble  those  of  Lobelia  tenmor. 
The  first  leaf  is  spathulate-ovate,  the  second  oval,  and  the 
tod  and  fourth  obovate.  The  cotyledons  of  C.  thyrsordes  are 
smiler  and  the  first  leaf  is  also  relatively  small  ovate,  and 
obscure  y  dentate.  Sucoeeding  leaves  vary  through  ovate,  oval, 
obovTte  and  elhptic  forms,  at  the  same  time  gr-eatly  mcreasmg 
in  s™e,  and  much  exceeding  m  that  respect  any  of  the  above 

"'tuboriricular  and  emarginate  cotyledons  --^^  j"^'-"!; j 
Campanula  gummitera.  They  are  also  more  markedly  letieu- 
latXn  is  generaUy  the  case.  The  first  leaf  is  cordate,  ere- 
nate  and  hairy.  The  cotyledons  of  Specularia  easteUana  ar 
ema;Il  and  rather  broader  than  long.  Three  or  four  of 
Te'Cry  leaves  are  suborbicular,  f =^'°-ly  —  » 
hafcy  The  seedlmg  of  Colensoa  physaloides  (fig.  491  iecaU» 
that  of  Campanula  Thyrsoidos  to  some  extent  in  its  smaU  ento 

cotyledons  and  the  graduation  of  the  leaves  from  the  fii.t 

smill  on    to  the  fifth,  and  onwards.    The  mternodes  are. 

however  much  more  elongated.    A  shghtly  difierent  typ 
Specularia  biflora  which  has  comparatn.ly  tog 

oZg-obovL  emarginate  cotyledons  tapermg  mto  a  Ion, 

The  first  four  leaves  are  obovate- spathulate,  and  obscurely 
crenate  with  glands  in  the  notches,  not  on  the  crenatures. 

Downingia  pulchella,  Torr.  (fig.  *90). 

Prirmnj  root  slender,  colourless,  soon  giving  rise  to  a  fascicle  0 
cihrnns  colourless  roots  from  its  base.  o.ocm. 

Hypocotyl  herbaceous,  strong,  erect,  terete,  glabrous.  1  o-2  cm. 
long  and  1  mm.  thick,  or  more.  ^ 

Cotyhdons  subulate-linear,  slender,  acute,  deep  gieen 
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shining,  6-7  mm.  long,  precisely  similar  to  the  first  four  pairs  of 
leaves. 

Stem  herbaceous,  erect,  stout,  glabrous,  green  ;  internodes  short ; 
1st  4-5  mm.  long ;  2nd  2'6-3  mm. 

Leaves  simple,  entire,  cauline,  alternate  (lower  opposite),  exsti- 
pulate,  glabrous,  slender  at  least  in  the  young  plant. 

Nos.  1-8  or  10.  In  decussate  pairs,  linear-subulate,  acuminate, 
and  showing  a  midrib  only. 


FiQ.  490. — Bowningia  pulchella. 
Nat.  size. 


Fig.  491. — Colensoa physaloides. 
Nat.  size. 


Above  this  they  are  gradually  broader,  and  three-  to  five-nerved 
from  the  base. 

Colensoa  physaloides,  Eook.f.  (fig.  491). 
Prhnary  root  densely  fibrous. 

Hypocotyl  5  mm.  long,  IS  mm.  thick,  terete,  herbaceous,  gla- 
brous, usually  purpHsh-green. 

Cotyledons  4-5  mm.  long,  2-5-3  mm.  wide,  broadly  petiolate. 
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suborbicular,  entire,  glabrous,  very  obscurely  nerved,  dark  dull  green 

about  5  mm.  Jong,  ridged  owing  to  the  decurrent  petioles  of  the 

^'^^ Leaves -m.  1-  About  1  cm.  long  including  petiole,  5  mm. 
widf  eniptic,  obhque.  acute,  slightly  serrate,  penninerved  glabrous 
Txce^t  a  few  hairs  on  lower  side  of  the  petiole  and  midnb,  thm, 

slender,  dull  green. 

Nos.  2-5.  More  deeply  niucronate- serrate. 

Ultimate  leaves  simple,  cauline,  alternate,  e-tipulate,  peho^^^^^^ 
alternately  incurvinerved,  reticulate,  glabrous  or  nearly  so,  simply 
or  doubly  serrate. 

Lobelia  Erinus,  L.  (fig.  492). 
Primarw  rooi  fibrous,  slender,  colourless. 
Eypocoljl  5  mm.  long,  1  mm.  thick,  terete,  f  nd-  colourle^ 
Cotyledons  4  mm.  long  including  the  short  V^i^ole^^ ^v^- 
^  wide,  ovate,  shghtly  emargmate,  cuneate 

at  base,  glabrous  and  very  obscurely 
nerved,  light  green. 

S^em.— 1st  internode  5  mm.  long, 
1  mm.  thick;  2nd  1-5-2  cm.  long, 
slender,  terete,  glabrous,  ahnost  colour- 

The  two  first  leaves  are  hke  the  coty- 
ledons but  larger ;  petiole,  1-5-2  cm. 
long,  -75  mm.  wide,  glabrous;  blade 
1  cm.  long,  nearly  as  wide,  entire. 

The  second  is  often  serrate-crenate 
near  the  base,  penninerved,  with  a  few 
hairs  on  the  petiole. 

Ultimate  leaves  simple,  cauhne, 
alternately  penninerved,  glabrous  or 
shghtly  hairy  on  the  petiole,  thm, 
membranous,  with  milky  juice  deep 
green  ;  petiole  slender,  rather  bnttle. 

Lobelia  tenuior,  B.  Br. 

x-cuu.  Primary  root  as  m  L.  Erinus. 

Hypocotyl  erect,  terete,  glabrous,  purple  above  ground,  colourless 

beneath,  2-2-6  cm.  long.  i„u^nn<,  stained  with 

Cotyledons  ovate,  obtuse,  emargmate,  glabrous,  stainea  w 


Fig.  492. — Lobelia  Erinus. 
Nat.  size. 
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purple;  lamina  8-8-5  mm.  long,  2-3  mm.  wide,  with  indistinct 
venation  ;  petiole  slightly  flattened  above,  the  two  sometimes  slightly 
alternate,  2*5-4  mm.  long. 

Stem  herbaceous,  erect,  at  least  m  the  seedling  stage,  terete, 
striated,  glabrous  with  the  exception  of  some  Unes  of  hairs  running 
down  from  the  decurrent  bases  of  the  leaves,  stained  with  purple  ; 
1st  internode  3-4  mm.  long  ;  2nd  2-3  mm. 

Leaves  glabrous,  with  ascending  nerves  rimning  into  the  teeth 
or  lobes  ;  petiole  flattened  or  slightly  channelled  above,  rough  on 
the  back  and  margin. 

No.  1.  Ehomboid,  obtuse,  obsoletely  dentate  at  the  margin. 

No.  2.  Larger,  similar,  but  with  five  blunt  teeth. 

No.  8.  Shallowly  five-lobed. 

Campanula  bononiensis,  L.  (fig.  493). 

Primary  root  vertical,  small,  slender,  colourless,  with  a  few 
fibres. 

Hypocotyl  2-2-5  cm.  long,  -7  mm.  thick, 
terete,  glabrous,  nearly  colourless. 

Cotyledons  nearly  equal,  about  7  mm. 
long,  3-4  mm.  wide,  shortly  stalked,  ovate, 
cuneate  at  the  base,  obtusely  emarginate,  ob- 
scurely nerved,  entire,  glabrous,  Ught  green. 

Stem  herbaceous,  erect,  terete,  hairy ; 
1st  internode  3-5  mm.  long. 

Leaves  simple,  radical  and  cauline, 
alternate,  exstipulate,  petiolate,  hairy  on 
both  sides,  but  chiefly  on  the  margins  and 
the  nerves  beneath ;  petioles  channelled 
above,  convex  beneath,  dilated  and  am- 
plexicaul  at  the  base,  coarsely  hairy. 

No.  1.  Spathulate-obovate,  entire. 

No.  2.  Oval,  obtuse,  tapering  to  the  base, 
obsoletely  crenate-serrate. 

Nos.  3  and  4.  Obovate,  obtuse,  serrate- 
crenate,  subreticulately  veined. 

Campanula  gummifera,  Willd. 

Eypocottjl  glabrous,  6-lQ  mm.  long,  Ught 
green  or  colourless. 

Cotyledons  ovate-rotund,  slightly  emarginate,  obtuse,  petiolate, 
glabrous,  light  green,  indistinctly  pinnatinerved  Hke  the  leaves. 

Stem  with  primary  internodes  undeveloped. 


Pig.  493. 
Campanula  bononiensis. 
Nat.  size. 
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First  leaves  simple,  radical,  alternate,  cordate,  crenate-serrate, 
hairy  with  rather  long  stiff  hairs,  green,  pinnatinerved ;  petiole 
long,  furrowed  above. 

Campanula  thyrsoides,  L. 

Primary  root  tapering,  twisted  or  flexuose  near  the  top,  and 
giving  off  numerous  lateral  fibres,  biennial. 

Hypocotyl  subterranean,  short,  stout,  fleshy ,  colourless,  glabrous, 

5  mm.  long. 

Cotyledons  small,  ovate,  obtuse,  subpetiolate,  3-5  mm.  long, 

2-5  mm.  wide,  hairy. 

Stein  herbaceous,  developed  when  about  to  flower. 

Leaves  radical  and  cauline,  sessile  {or  the  first  two  to  four 
shortly  petiolate),  Ught  green  and  shining  above,  paler  and  shimng 
beneath,  densely  hairy  on  both  surfaces,  penninerved  with  alternate 
nerves;    petioles  of  first   four   leaves,  short,  broad,  flattened 

above.  ,  _ 

No.  1.  Ovate,  obtuse,  slightly  dentate,  7-5  mm.  long,  5  mm. 

wide. 

No.  2.  Similar,  larger. 

No.  3.  Oval,  obtuse,  serrulate,  cuneate  at  the  base. 

No  4.  Ovate,  obtuse,  cuneate  at  the  base,  serrulate. 

No.  5.  ElMptic,  obtuse,  serrulate,  cuneate  at  the  base  and 

No".  6.  Oblong-elliptic,  obtuse,  serrulate,  cuneate  at  the  base, 
sessile. 

No  7.  Obovate,  obtuse,  crenate-serrate. 

Nos.  8  and  9.  Oblong-eUiptic,  obtuse,  crenate-serrate. 

Ultimate  leaves  obovate-spathulate,  subacute,  tapering  to  the 
base,  mucronately  serrulate,  bright  green,  shining  and  ^airy  above 
espedally  towards  the  margin,  paler  beneath,  shimng  and  nearly 
glabrous,  flat  or  concave. 

Speoularia  castellana,  Lge. 

Hypocotyl  erect,  terete,  glabrous,  1-4-1-8  cm.  long,  light  green, 

or  colourless.  .    ,      i  frmon 

Cotyledons  ovate-rotund,  small,  emargmate,  g^^^ 
indistinctly  one-nerved ;  petioles  rather  broad,  very  shghtly  chan- 

nelled  on  the  upper  face. 

Siem  with  primary  internodes  undeveloped.  u 

Pri.^ary  lelves  bJoadly  oblong  or  subrotund,  -^-^'^^^^^^^^ 
obtuse,  crenate,  finely  pubescent,  green,  pmnatmerved  ,  with  broad 
hairy  petioles,  channelled  above. 
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Specularia  biflora,  A.  Gray. 

Primary  root  long,  with  short  lateral  fibres. 

Hypocotyl  2-2'5  cm.  long. 

Cotyledons  oblong- obovate,  5-6-5  mm.  long,  4-4-5  mm.  wide  ; 
tapering  into  the  long  petiole,  which  is  slightly  channelled  above, 
9-11  mm.  long. 

Stem  erect,  terete,  striate,  pubescent,  herbaceous,  twisted ;  1st 
internode  1  cm.  long  ;  2nd  longer. 

Leaves  thinly  pubescent,  tapering  into  and  shghtly  decurrent  on 
the  petiole  which  is  channelled  above,  venation  reticulate  but  very 
indistinct. 

Nos.  1-4.  Obovate- spathulate,  obtuse,  obsoletely  crenate,  with 
glands  in  the  notches,  and  in  the  apical  one  when  the  leaf  is  emar- 
ginate. 


ERICACEiE. 

Benth.  et  Hook.  Gen.  PI.  ii.  577. 

Fruit  and  Seed. — The  ovary  is  superior  and  consists  of  two  to 
twelve  carpels  united  so  as  to  form  as  raany  cells  ;  the  union 
may  be  complete  or  the  carpels  may  be  partly  free  at  the  top, 
making  the  ovary  lobed  as  occurs  in  many  of  the  Eutacese  and 
Labiatae.  The  ovules  are  numerous  and  inserted  on  axile  pla- 
centas, or  suspended  from  the  apex  of  the  cells  and  anatropous  ; 
they  rarely  ascend  from  the  base  of  the  cells.  The  fruit  is  cap- 
sular, rarely  baccate  as  in  Arbutus  and  Pernettya  or  drupaceous 
as  in  Arctostaphylos,  and  dehisces  loculicidally  or  septicidally  by 
as  many  valves  as  there  are  carpels,  or  the  carpels  may  break 
away  from  the  axial  placentiferous  column.  Fruits  breaking 
up  into  cocci  are  very  rare.  The  seeds  vary  from  one  to  many, 
but  they  are  usually  minute  and  very  numerous,  angled  or 
compressed,  with  a  closely  fitting  or  sometimes  a  loose  testa 
prolonged  at  either  end.  The  embryo  is  embedded  in  a  fleshy 
endosperm,  with  short  cotyledons  and  a  rather  elongated  radicle. 

Seedlings. — The  seeds  are  minute  in  most  cases,  and  the 
cotyledons  generally  small.  The  seedlings  of  Ehododendron 
arboreum  (fig.  494)  and  Erica  Tetralix  represent  therefore  the 
more  typical  forms  of  the  Order.    The  cotyledons  of  Bhodo- 
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dendron  arboreum  are  small,  oval  and  pubescent.  The  two 
primary  leaves  are  also  oval,  but  several  times  larger  The 
ultimate  ones  are  oblong-lanceolate,  entire,  and  attam  a  length 
of  six  to  nine  inches.  The  genus  Erica  is  represented  by  E. 
Tetralix  which  has  minute  oval  cotyledons,  and  always  very 
small  leaves.  In  a  seedling  observed  the  first  pan-  of  leaves 
were  opposite,  followed  by  four  whorls  of  three  each,  above 
which  were  a  few  scattered  ones,  those  again  followed  by  whorls 
If  four  leaves  each  as  in  the  adult  plant.  In  the  seedhng 
they  are  flat,  in  the  adult  strongly  revolute  at  the  margms 

A  curious  type  occurs  in  EnHanthus  japomcus,  the  co  y- 
ledons  of  which  are  oblong-ovate  and  crenulate,  as  m  Pteiea 
tifoliata  amongst  the  Butace..  The  first  four  leav^  are 
elliptic  and  serrulate.  Another  unusual  form  occms  m 
Clethra  arborea  which  has  relatively  large  and  broadly  oblon^^ 
ovate,  slightly  emarginate  cotyledons.  They  are  finely  pube 
scent,  as  are  the  first  pair  of  coarsely  serrated  leaves. 

Enkiantlius  japonicus,  Hooh. 

Hypocotyl  erect,  terete,  pale  green,  ultimately  glabrous,  8-5  mm. 

^'Tol'lJot  oblong-ovate,  obtuse,  minutely  aUer^ 
nately  penninerved,  sballowly  crenate,  glabrous, 
surfaces!  bright  green  above,  paler  beneath  ;  lamma  8  5  mm.  long, 
5  mm.  wide;  petiole  flattened  above,  1  mm.  long.  _ 

S  eZ  woody,  erect,  terete,  with  short  decur-nt  ^ 
base  and  under  side  of  the  petioles,  pubescent;  ^n^  '^'^^ 

.odes  undeveloped;  Brd -5  mm.;  4th  2-    mm.^5^^h  3  Gti. 

3err«t:kt  above',  hairs  with  ^^^^ 

on  the  margins  and  carina  Hke  those  of  the  lamma. 

Nos.  1-1  Elliptic,  acute,  serrulate  or  ciha  e-serrdate. 

Nos.  5-19.  Lanceolate-elhptic.  acute,  cihate-sen-u late 

U  timate  leaves  obovate,  apiculate,  taperxug  much  to  the  base. 

cihate-serrulate  with  the  hairs  hooked  forwards  as  m  the  coty 

ledons. 
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Erica  Tetralix,  L. 

Hypocotyl  erect,  terete,  filiform,  glabrous,  reddish,  8  mm.  long. 

Cotyledons  minute,  oval,  obtuse,  glabrous  ;  lamina  1*25  mm.  long, 
1  mm.  wide  ;  petiole  '5  mm.  long. 

Stem  erect,  filiform,  ultimately  woody,  finely  pubescent ;  1st 
internode  undeveloped  ;  2nd  8-5  mm.  long ;  8rd  4-5  mm. ;  4th  4  mm. ; 
5th  8  mm. ;  6th  3  mm.  The  plant  was  raised  in  heat ;  probably  the 
intemodes  would  be  much  shorter  if  raised  in  the  open  air. 

Leaves  entire,  verticillate,  shortly  petiolate,  glabrous  in  the 
seedling  stage  and  frequently  aristate,  cihate  on  the  lateral  nerves 
in  the  adult  plant,  not  on  the  revolute  margins,  flat  in  the  seedhng 
stage  and  strongly  revolute 
at  the  margins  in  the  adult 
plant,  deep  green  above,  glau- 
cous beneath,  convex  above 
in  the  adult,  concave  beneath ; 
petioles  about  1  mm.  long, 
channelled  above,  cihate  at 
the  margins. 

First  pair  of  leaves  oppo- 
site, obtuse. 

Second  to  fifth  nodes 
with  the  leaves  verticillate  in 
threes,  and  ovate,  subacute. 

Then  in  the  seedling 
noted,  five  scattered,  ovate, 
aristate  leaves  occurred ; 
then  two  nodes  each  with 
four  verticillate  leaves. 

Ultimate  leaves  verticil- 
late with  four  in  a  whorl, 
oblong  -  ovate,  obtuse,  tri- 
nerved,  cihate  on  the  lateral 
nerves  and  strongly  revolute 
at  the  edges. 

Rhododendron  arboreum, 

Sm.  (fig.  494). 

Primary    root  slender, 
wiry,  with  numerous  lateral  rootlets,  flexuose. 

Hypocotyl  short,  erect,  terete,  glabrous,  about  8  mm.  long. 

Cotyledons  small,  oval,  obtuse,  pubescent  above,  8  mm.  long  in- 
cluding the  short  petiole,  2  mm.  wide. 


Fig.  494. — Bhododendron  arboreum. 
Nat.  size. 
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Stem  woody,  erect,  terete,  glandular-pubescent,  reddish ;  1st 
intemode  8-5  mm.  long;  2nd  2-5  mm.;  3rd  5  mm.;  4th  3  mm.; 

5th  5-5  mm. ;  6th  3-25  mm.  :,       .-u  • 

Leaves  alternate,  evergreen,  pubescent  above  and  on  the  prm- 
cipal  nerves  beneath,  glandular-ciUate,  revolute  at  the  margin  m 
vernation,  alternately  penninerved  petioles  channelled  above,  red- 
dish and  pubescent  with  rufous  hairs. 

No.  1.  Oval,  mucronate ;  lamina  6-5  mm.  long,  4-5  mm.  wide. 
Nos.  2  and  3.  Broadly  oval,  obtuse,  mucronate. 
Nos.  4-7.  Oblong,  obtuse,  mucronate.  _ 
Ultimate  leaves  oblong-lanceolate,  acute,  entire,  tapermg  to 
both  ends,  slightly  revolute  at  the  margm,  and  ^o^^^^l^f 
nelled,  thinly  scurfy  and  deep  green  above,  densely  felted  with 
white  or  sometimes  rusty  scales  beneath,  with  a  promment  midrib. 

Clethra  arborea,  Ait. 

Eypocotyl  covered  with  minute  hairs,  1-5-2-5  cm.  long,  light 

^^^Cotyledons  broadly  oblong-ovate,  obtuse,  shghtly  emarginate. 
entire  at  first,  minutely  pubescent  above,  gl^^rous  beneath  green, 
pinnatinerved  Uke  the  leaves  ;  petioles  rather  short  and  flat,  sbal- 
lowly  channelled  on  the  upper  side,  minutely  pubescent  _ 

Stem  erect,  terete,  herbaceous,  ultimately  woody;  1st  mtemode 
4  5  Ton 

~  M  leaves  opposite,  decussate,  oblong,  acute,  coarsely  serrate, 
pubescent,  green,  pmnatmerved,  with  short  petioles. 


PLUMBAGlNEiE. 

Benth.  et  Hook.  Gm.  PI.  n-  623. 

Fmit  and  Seed.-The  syncarpous  ovary  f^P™' 
consists  of  five  carpels  cohering  to  form  one  ceU.    The  ovule 
B  solitary,  anatropous,  and  suspended  fi'om  a  long  slend 
funiclearSing  from  a  basal  placenta,  so  that  the  micropyl 
I^perior.    The  frnit  is  dry  and  included  -  th^  persis^^^^^^^ 
calyx,  more  rarely  elongated  and  P/^f. 
indehiscent,  or  in  some  cases  the  hardened  apex  falls  away 
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like  an  operculum  leaving  the  cavity  open,  or  the  pericarp 
is  circumscissile  near  the  base,  while  the  portion  that  falls 
away  is  more  or  less  divided  into  five  valves.  The  seed  fiUs 
the  cavity  of  the  ovary  to  which  it  conforms,  and  is  suspended 
by  a  long  funicle  to  which  it  is  sometimes  adnate,  and 
its  testa  is  membranous.  The  endosperm  is  copious,  or 
scanty  and  farinaceous,  or  altogether  wantmg.  Where  it  is 
present  the*  embryo  is  straight,  axile,  and  almost  equals  it  in 
length;  but  where  there  is  no  endosperm  the  terete  or 
slightly  compressed  embryo  fiUs  the  seed.  The  cotyledons 
are  linear  or  oblong  and  equal  to  or  larger  than  the  terete 
radicle. 

In  Plumbago  the  cotyledons  are  much  wider  than  the 
radicle,  and  the  endosperm  is  generally  scanty.  The  seeds  of 
iEgialitis  are  hnear,  exalbuminous  and  conform  to  the  fruit. 
The  cotyledons  of  Armeria  grandiflora  are  hnear-oblong  and 
surrounded  by  a  small  quantity  of  endosperm.  The  radicle  is 
very  short. 

Seedlings. — Two  moderately  distinct  types  of  cotyledons 
were  observed,  namely,  spathulate  and  linear ;  but  the 
two  are  connected  by  intermediate  forms.  The  tendency 
to  elongation  is  due  to  the  form  of  the  seed,  and  that 
again  conforms  to  the  narrow  and  elongated  character  of  the 
fruit.  Both  fruit  and  seeds  vary  in  width  in  different  species, 
and  so  do  the  cotyledons  both  before  and  after  germin- 
ation. 

The  cotyledons  of  Statice  speciosa  (fig.  495)  are  spathulate, 
obtuse  and  entne.  The  first  four  leaves  are  also  spathulate, 
more  acute,  and  much  larger,  and  the  ultimate  ones  hardly 
differ  except  in  their  much  greater  size.  The  cotyledons  of 
S.  macrophylla  "flabellata  differ  in  being  obtuse  and  slightly 
emarginate.  The  first  two  leaves  are  rotund  and  cuneate  at 
the  base,  followed  by  three  others  which  are  obovate.  Inter- 
mediate forms  between  these  and  the  linear  type  are  fm-- 
nished  by  Armeria  chilensis  and  Statice  Suworowi  (fig.  496). 
The  cotyledons  of  the  former  are  linear-spathulate  and 
wider  than  the  first  pair  of  leaves.  Those  of  the  latter  are 
smaller  and  narrower  than  the  first  leaf  which  is  spathulate- 
linear.    The  second  and  third  leaves  are  also  spathulate  and 
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larger,  while  succeeding  ones  are  scalloped  or  repandly  pinna- 
tifid  '  The  cotyledons  of  Statice  leptostachya  are  long  and 
narrowly  linear,  while  all  the  leaves  are  pinnatisect  with  linear 
segments. 

Statice  speciosa,  L.  (fig.  495). 

Primary  root  slender,  tapermg,  with  a  few  lateral  rootlets. 
Hypocotyl  usually  subterranean,  tapering  downwards,  4  mm. 
long. 

Cotyledons  spathulate,  obtuse,  glabrous, 
fleshy,  dotted  on  the  upper  surface  with  a  white 
excretion,  otherwise  deep  green,  1-25  cm.  long 
including  the  petiole,  4  mm.  wide  about  the 
middle  of  the  lamina. 


Stem  very  short. 

Leaves  simple,  entire,  radical,  alternate,  ex- 
stipulate,  sessile,  glabrous,  opaque,  coriaceous, 
glaucous-green  above,  and  closely  dotted  with 
*     a  white  excretion,  much  paler  beneath,  taper- 
FiG.  495.         ing  gradually  to  the  base,  formmg  a  broad- 
Statice  speciosa.        •         petiole-like   stalk,  shallowly  grooved 

Nat.  size.  wij-t5>^"    xr  ,       ,  .        ^  j^t  i, 

above,  dilated  and  sheathmg  at  the  base. 
No  1.  Spathulate,  obtuse,  obscurely  apiculate.  _ 
Nos.  2  and  3.  Spathulate,  obtuse,  apiculate,  tapermg  to  a  narrow 

^^'uitimate  leaves  obovate-spathulate,  cuspidately  acute  sub- 
cartilagmous  at  the  margin,  obscurely  alternately  pemimerved  with 
the  nerves  ascending,  then  spreading  and  lastly  somewhat  m- 
curved. 

Statice  macrophylla,  Brouss.,  var.  flabeUata. 

Hvvocotyl  very  short,  erect,  terete,  glabrous,,  reddish. 

fSedons  spathulate,  obtuse,  mmutely  emargmate  with  a  dis- 
tinot  midrib,  alabrous,  light  gi-een,  1-7  cm.  long. 

tl  wy  Stat,  developing  Blowly,  and  becoming  ^ooiy. 
nrimary  internodes  undeveloped.  .  „i„i,rr,„c 

^   Leaves  radical  and  ultimately  cauhne  cihate,  otherwis  g^^^^^^^^^^ 
aristate  at  the  apex,  with  a  distinct  midrib,  and  indistmctly  alter 
nlly  p^^^^^^^  g-en;  petioles  flattened  above,  dilated 

and  clasping  at  the  base,  ciliate  at  the  margm. 

Nos  1  and  2.  Rotund,  cuneate  at  the  base. 

No  3  Broadly  obovate,  rounded  at  the  apex,  cuneate  or  tapermg 

at  the  base. 
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Statice  Suworowi,  Begel  (fig.  496). 

Primary  root  as  in  S.  speeiosa  ;  annual. 

Hypocotyl  subterranean,  tapering,  3  mm.  long. 

Cotyledons  linear-spathulate,  obtuse,  glabrous,  narrowed  to  a 
petiole,  7'5  mm.  long  including  the  petiole,  1"75  mm.  wide  near 
the  apex. 

Stein  herbaceous,  annual. 

Leaves  as  in  last  species ;  soft, 
fleshy  in  the  young  state ;  petioles 
grooved  above,  convex  on  the  back, 
dilated  and  sheathing  at  the  base. 

No.  1.  Small,  spathulate-hnear. 

No.  2.  Narrowly  spathulate,  ob- 
tuse. 

No.  3.  Spathulate,  subacute. 

No.  4.  Spathulate,  aristate,  scal- 
loped at  the  base  with  a  rounded  lobe 
on  each  side  ;  lobes  always  alternate 
on  all  the  following  leaves. 

No.  5.  Oblong,  aristate,  constricted 
below  the  middle ;  terminal  lobe  ovate ; 
lower  one  subrhomboid,  slightly  de- 
current  on  the  petiole. 

Nos.  6-8.  Narrowly  oblong,  scalloped  with  rounded  lateral  lobes, 
and  an  ovate  aristate  terminal  one. 

Ultimate  leaves  oblong  or  obovate-oblong,  obtuse,  aristate  at 
the  apex,  scalloped  or  subpinnatifid,  with  alternate  or  sub-oppo- 
site, obtuse  lobes,  obscurely  and  alternately  penninerved,  with 
ascending  nerves  running  into  the  lobes. 

Statice  leptostachya,  Boiss. 

Primary  root  slender,  tapering  downwards,  with  numerous 
slender  lateral  rootlets,  annual. 

Hypocotyl  not  developed  or  tapering  into,  and  indistinguishable 
from  the  root. 

Cotyledons  hnear,  obtuse,  tapering  into  a  long  petiole-Uke  base, 
sUghtly  channelled  above,  and  much  dilated  at  the  extreme  base! 
glabrous  but  with  small  depressions  on  the  upper  surface,  and  pro- 
minences towards  the  top,  green  with  a  reddish  base,  1-4-1-6  cm. 
long,  -5-1  mm.  wide. 

Stem  extremely  short,  herbaceous,  annual,  and  throwing  up  a 
scape  when  about  to  flower.    Internodes  undeveloped. 

Leaves  radical,  glabrous,  but  covered  with  minute,  scale-like 


Fig.  496. — Statice  Suworowi, 
Nat.  size. 
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dots  obscurely  alternately  penninerved,  pinnatisect  with  linear, 
obtuse  entire  segments,  revolute  at  the  margins  so  as  to  make  them 
convex  above,  and  concave  or  furrowed  beneath  ;  petioles  semi- 
terete,  glabrous,  channelled  above  with  rather  acute  edges,  reddish, 
dilated  and  clasping  at  the  base. 

No  1  Linear,  pinnati-fid  or  -sect,  with  a  few  subulate,  obtuse, 
alternate'segments  ;  middle  ones  longest ;  terminal  one  triangular- 
hastate.  ^.^^^aUy  longer  and  larger,  pinnatisect  with  alter- 
nate obtuse,  subulate  and  linear  segments  ;  terminal  lobe  becommg 
less  'and  less  conspicuous  until  it  is  almost  absent,  the  leal  ending 
in  two  lateral  segments. 

Armeria  grandiflora,  Hort. 

Fruit  a  one-celled  utricle,  one-seeded. 

Seed  narrow,  oblong  1-1-25  mm.  long,  testa  thin,  membranous, 
smooth ;  hilum  inconspicuous. 

Endosperm  scanty,  surrounding  the  embryo,  white,  fai;maceous. 

Embryo  straight,  whitish-green  ;  cotyledons_  hnear-oblong,  ob- 
tuse entire,  plano-convex,  lying  face  to  face;  radicle  short,  subacute, 
terete,  considerably  shorter  than  the  cotyledons. 

Armeria  chilensis,  Boiss. 

Primary  root  long,  tapering  downwards,  fibrous. 

Eypocotyl  extremely  short  and  subterranean,  or  mdistmgmsh- 

able  from  the  base  of  the  root.  ^   ,i  , 

Cotyledons  linear-spathulate,  obtuse,  entire  tapering  to  the  base 

and  connate,  forming  a  sheath  to  the  plumule,  the  midx-ib  mdistmct, 

glabrous,  bright  green,  1-1-1-6  cm  long. 
Fitem  with  undeveloped  mternodes. 

simple,  entire,  radical,  alternate,  tufted  very  thinly 

pubescent  il  the  ;oung  state  or  almost  glabrous,  sessile  or  at  least 

^'^CrandT'  Linear,  obtuse,  showing  a  midi-ib  only  which  is 
shallowly  furrowed  on  the  upper  surface  and  more  conspicuous!)  so 
beneath,  narrower  than  the  cotyledons. 


PRIMULACE/E 


177 


PRIMULACE-a^. 

Benth.  et  Hook.  Gen.  PI.  ii.  628. 

Fruit  and  Seed. — The  ovary  is  superior  or  rarely  more  or 
less  inferior  as  in  Samolus ;  and  consists  of  five  or  six 
carpels  cohering  so  as  to  form  one  cell.  The  ovules  are 
numerous  or  few,  but  never  less  than  two  and  inserted  upon 
a  free-central,  sessile,  or  stalked  placenta,  on  the  surface  of 
which  they  are  placed  or  are  immersed  in  it,  semianatropous 
with  a  ventral  attachment  or  rarely  anatropous  as  m  Hottonia. 
The  fruit  is  a  capsule  dehiscing  by  two  to  six  valves  (very 
frequently  five)  with  the  valves  entire  or  bifid,  very  rarely  is  it 
cu-cumscissile  as  in  Anagalhs,  or  indehiscent  as  in  a  few  species 
of  Lysimachia.  The  seeds  are  few  or  numerous,  arranged  on 
the  surface  of  the  central  placenta  or  immersed  in  it,  peltate 
or  attached  by  the  ventral  face  and  very  frequently  depressed 
and  variously  angled.  The  membranous  testa  is  smooth,  fur- 
rowed or  granular,  sometimes  winged  and  adnate  to  a  copious 
fleshy  endosperm.  The  embryo  is  small,  terete  or  cylindrical, 
and  lies  embedded  in  the  endosperm  parallel  or  crosswise 
to  the  hHum,  rarely  pomting  to  it  and  often  uncertain  in 
its  du-ection.  The  cotyledons  are  blunt  and  very  small,  but 
become  fohaceous  during  germination. 

Seedlings.~ln  the  Primulacese,  three  distmct  types  of 
cotyledons  were  observed.  The  leadmg  and  most  characteristic 
type  IS  ovate ;  a  few  are  spathulate  or  show  some  modifica- 
tion of  that  form ;   and  in  Cyclamen  we  have  a  reniform, 
fohaceous  and  solitary  cotyledon.    One  of  the  most  highly 
developed  forms  is  that  of  Lysimachia  ciliata  (fig.  501), "the 
cotyledons  of  which  are  ovate,  acute  and  greatly  resemble 
the  first  pair  of  leaves  although  smaller  and  with  a  less  evident 
venation.    Those  of  Anagalhs  arvensis  are  lanceolate-ovate 
■  while  the  leaves  from  the  first  are  broadly  ovate,  opposite,' 
(  decussate,  glabrous,  but  marked  with  black  spots  beneath  A 
:  considerable  number  of  the  species  of  Primula  have  ovate 
.  cotyledons,  mcludmg  P.  veris  and  P.  denticulata.    The  first 
I  leaf^  of  the  former  is  cordate,  entire  or  slightly  toothed,  while 
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that  of  the  latter  is  widely  and  shallowly  crenate.    P.  den- 
ticulata  is  also  notable  for  the  shortness  of  its  hypocotyl 
and  the  length  of  the  petioles  of  the  cotyledons  which  com- 
pensate for  this  deficiency.     The  cotyledons  of  P.  elatior 
(fiw.  497)  differ  in  being  ovate-oblong  and  trinerved.  The 
first  leaf  is  reniform,  and  the  second  is  rotund-cordate  ;  both 
are   dentate.     The   cotyledons  of  Androsace  rotundifolia 
on  the  other  hand  are  broadly  ovate  and  short.    The  first 
leaf    is   somewhat  triangular    and   entire  or  tridentate ; 
and  succeeding  ones  vary  between  reniform  and  orbicular, 
palmately  nerved  and  lobed.    A  modification  of  the  ovate 
type  occurs  in  P.  vulgaris  and  P.  sinensis.     Those  of  the 
former  (fig.  498)  are  ovate,  emarginate,  three-  or  faintly  five- 
nerved,  and  finely  glandular-pubescent.    The  first  two  leaves 
are  ovate.    This  species  is  remarkable  for  the  behaviour  of 
the  radicle  and  hypocotyl  under  different  conditions  and  m 
different  soils.    In  sand  the  radicle  strikes  down  vertically,  but 
in  soil  of  a  stiffer  nature  it  generally  grows  along  the  sm-- 
face  for  some  little  way  before  strikmg  downwards,  and  the 
hypocotyl  generally  bends  in  the  same  way  and  throws  out 
lateral  rootlets,  abundantly  provided  with  root-hah-s.  The 
radicle  soon  ceases  to  elongate  and,  gradually  dying  away  as  a 
procumbent  Stem  or  rhizome  is  formed,  gives  rise  to  the 
popularly  so-called  prsemorse  root.    The  cotyledons  of  P. 
sinensis  (fig.  499)  are  normally  broadly  ovate  and  emarginate, 
but  they  frequently  behave  in  an  irregular  manner,  one  of 
them  often  being  bifid  or  bipartite  and  sometimes  divided 
to  the  base  of  the  petiole  making  apparently  three  cotyledons. 
In  those  that  are  bifid  the  midrib  becomes  forked  at  some 
distance  below  the  sinus.    Both  cotyledons  are  bifid  m  some 
cases ;   and  thev  are  coarsely  hairy  and  glandular.  The 
primary  leaves  are  cordate  and  more  or  less  lobed  and  toothed. 
A  second  type  is  met  with  in  Soldanella.    The  cotyledons  are 
oval  and  obtuse  at  either  end.    The  first  three  leaves  are 
reniform  and  entire.    Spathulate  cotyledons  are  met  with  m 
Androsace  nana.    The  primary  leaves  are  narrower,  hnear- 
lanceolate,  entire  and  arranged  in  a  dense  rosette.    Those  o 
Asterolinum  splendidum  are  similar  in  shape  but  opposite  and 
decussate,  with  the  internodes  more  elongated.  The  cotyledons 
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are  linear- spathulate  or  oblong.  A  fourth  type  is  presented  by 
Cyclamen.  This  genus  has  only  one  cotyledon  which  soon 
becomes  foliaceous  and  of  large  size  resembling  a  true  leaf.  The 
cotyledon  of  Cyclamen  persicum  is  cordate  and  more  or  less 
crenate,  greatly  resembhng  the  first  true  leaf.  In  a  batch  of 
seedlings,  individuals  may  frequently  be  found  having  the 
cotyledons  consisting  of  two  reniform,  sessile,  oi  stalked  pieces 
resembling  a  compound  leaf  with  a  pair  of  leaflets.  The 
apparently  compound  character  is  perhaps  due  to  the  union  of 
the  petioles  of  the  cotyledon  and  the  first  true  leaf,  as  occa- 
sionally happens  in  the  case  of  the  peduncles  and  the  leaves. 

Primula  elatior,  Jacq.  (fig.  497). 

Primary  root  normal,  ultimately  giving  way  to  the  strong 
adventitious  roots  developed  below  the  cotyledons  and  the  rosette 
of  leaves. 

Eypocotyl  slender,  about  6  mm.  long,  colourless. 

Stem  a  short,  persistent,  fleshy,  or  almost 
woody  rhizome  with  undeveloped  or  shghtly 
developed  internodes. 

Cotyledons  ovate-oblong,  obtuse,  somewhat 
succulent,  pale  green, glabrous ;  lamina  5-7  mm. 
long,  3-4  mm.  wide;  petiole  slightly  chan- 
nelled above,  shghtly  pubescent,  3-5  mm.  long. 

Leaves  simple,  radical,  alternate,  exstipu- 
late,  petiolate,  rugose,  glabrous  above,  hairy 
beneath;  petioles  (m  young  plant)  deeply 
channelled  above,  not  winged,  hairy,  almost 
villous  on  the  under  side. 

No.  1.  Eeniform,  repand-dentate,  with  short, 
broad,  mucronate  teeth,  and  a  diverging  basal  FMafiltior. 
smus,  reticulate.  Nat.  size. 

No.  2.  Eotund-cordate,  dentate-serrate,  convex  above  with  re- 
curved mucronate  teeth. 

Ultimate  leaves  oblong-ovate,  abruptly  decurrent  on  the  petiole 
shaUowly  and  subrepandly  dentate,  alternately  penninerved  reticu' 
late,  rugose.  ' 

Primula  denticulata,  Sm. 

Hypocotyl  subterranean  or  short. 

Cotyledons  apparently  springing  straight  from  the  root,  ovate, 
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obtuse,  with  ascending  petioles,  from  3-4  mm.  long,  finely  ciliated; 
midrib  indistinct. 

Stem  apparently  none. 

Leaves  radical,  petiolate  ;  the  first  one  is  ovate,  obtuse,  cordate 
at  the  base,  crenate,  cihate  and  covered  with  small  hairs,  Ught 
green  ;  midrib  with  numerous  branched  lateral  veinlets. 

Primula  vulgaris,  Hzods.  (fig.  498). 

Primary  root  behaving  differently  in  different  soils.  In  silver 
sand  a  number  of  specimens  examined  penetrated  the  soil  per- 


FiG.  A98.-Primula  vulgaris.   A,  f  ^^^^ 
B,  grown  in  loam  and  Band,  x  z. 

MndioalarlT    In  loam  with  a  mMure  o£  sand  the  radicle  or  base 

abundance  of  root-hairs.  _  deuselv  clothed 

Byvocotyl  erect  (at  least  primarily),  te  ete.  dense  >  c  o 
with  f  glandular  pubescence,  pale  green  tl^^'^^^f 
Idventitious  roots  at  its  base  with  an  abundance  of  root-bans. 
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Cotyledom  ovate,  obtuse,  emarginate,  finely  glandular-pubescent 
all  over,  petiolate,  alternately  incurvinerved,  with  two  strong  nerves 
from  near  the  base  on  either  side  the  prominent  midrib,  the  two 
tipper  are  stronger,  and  incurving  unite  with  the  midrib  in  the  apical 
sinus ;  lamina  5-7  mm.  long,  5-6  mm.  wide  ;  petiole  channelled 
above,  glandular-pubescent,  2-5-3-5  mm.  long. 

Ste7n  always  short,  with  undeveloped  internodes,  fleshy,  ulti- 
mately forming  a  persistent  rhizome. 

Leaves  radical,  alternately  penninerved,  reticulate,  rugose,  vsdth 
more  or  less  branched  and  flexuose  nerves  running  into  the  mar- 
ginal teeth,  finely  glandular-pubescent  in  the  seedling  stage,  and 
more  or  less  coarsely  hairy  in  the  adult  plant  or  subvillous  beneath, 
light  green  ;  petioles  semiterete,  dilated  towards  the  base,  deeply 
channelled  above,  coarsely  hairy  and  glandular-pubescent,  or  sub- 
villous in  the  adult  plant. 

No.  1.  Ovate,  obtuse,  suddenly  tapering  at  the  base  into  the 
petiole,  irregularly  dentate,  with  the  teeth  tipped  with  a  gland-like 
mucro,  even  or  slightly  rugose. 

No.  2.  Similar  but  more  rugose. 

Primula  sinensis,  Lindl.  (fig.  499). 

Primary  root  tapering,  flexuose,  with  fibrous  lateral  rootlets, 
somewhat  bent  or  curved  at  its  junction  with  the  hypocotyl,  from 
which  strong  adventitious  roots  are  generally  developed  at  an  early 
age — all  abundantly  provided  with  root-hairs. 

Hypocotyl  as  in  P.  vulgaris. 

Cotyledons  broadly  ovate,  obtuse,  emarginate,  mucronate  in  the 
notch,  subcordate  and  trinerved  at  the  base,  the  lateral  nerves 
branching  so  as  to  form  five  ;  alternately  nerved  and  reticulate  up- 
wards (nervation  indiscernible  except  by  transmitted  light),  glan- 
dular-pubescent on  all  parts,  but  especially  on  the  upper  surface  ; 
lamina  5-5-8  mm.  long,  or  more  when  fully  developed,  6-7  mm. 
wide;  petiole  1-5-2-25  mm.  long,  semiterete,  channelled  above, 
glandular-pubescent,  pale  green. 

When  the  cotyledons  divest  themselves  early  of  the  testa  and 
remains  of  the  endosperm  it  is  seen  that  there  is  no  emargination, 
and  the  mucro  is  the  most  prominent  point  of  the  cotyledon.  This 
mucro  consists  of  clear,  colourless  tissue  embedded  in  the  tissue  of 
the  cotyledon  with  its  lower  and  cuneate  end  in  direct  communica- 
tion with  the  midrib,  and  that  again  with  the  vascular  bundle  run- 
ning down  the  hypocotyl  and  entering  the  root.  The  midrib  tipped 
with  the  mucro  ceases  to  develop  after  a  time  while  the  surrounding 
tissue  grows,  resulting  in  emargination.  Variations  from  the  above 
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type  occur  irregularly  in  different  individuals.    There  are  a  few 
large  openings  in  the  mucro,  confined  to  the  very  tip. 

The  midrib  in  some  cases  forks  a  little  way  above  the  base  of 
the  cotyledon,  diverges  and  runs  to  the  margin  where  each  fork  ends 
in  a  mucro.  Fission  occurs  between  these  two  mucronate  tips  in 
one,  or  occasionally  both  cotyledons  while  yet  in  the  seed.  After 
germination  the  mucronate  tip  ceases  after  a  time  to  elongate,  and 
growth  of  the  surrounding  tissue  causes  the  emargination  of  both 
halves  of  the  cotyledon.  In  this  case  there  is  a  median  fissure, 
and  two  shallower  lateral  ones. 

The  forking  of  the  midrib  in  other  seedlings  may  arise  below  the 
base  of  the  lamina  when  the  cotyledon  becomes  more  or  less  deeply 
bifid.  Again  this  forking  may  be  carried  down  so  far  that  one 
(seldom  or  never  both)  cotyledon  is  divided  nearly  to  the  base  of 
the  petiole,  when  there  appear  to  be  three  distinct  cotyledons  with 
laminae  and  petioles. 

When  the  seed  is  carried  up  on  the  tips  of 
the  cotyledons,  the  latter  as  they  develop  make 
a  great  but  unsuccessful  effort  to  divest  them- 
selves of  the  now  dried-up  testa  and  remains  of 
the  endosperm.  The  sides  of  the  laminas  become 
revolute  longitudinally  at  an  early  stage  so  as 
^  to  present  their  outer  surface  to  the  hght.  At 

Fig.  499.  length  only  the  tip  of  the  cotyledons  is  held  fast ; 

wSffid  tSeion.    and  the  petioles  twist  so  as  to  bring  the  upper 
Nat.  size.  surface  of  the  laminas  outwards  to  the  hght. 

In  deeply  bifid  cotyledons  the  division  of  the  central  vascular 
bundle  takes  place  low  down  in  the  petiole  ;  a  branch  runs  down 
the  centre  of  each  half  to  the  apex,  where  it  is  tipped  with  a  mucro. 
Stem  short,  stout,  fleshy  with  scarcely  developed  internodes. 
Leaves  coarsely  hairy  on  both  surfaces  and  dotted  with  sessile 
glands,  dull  green  above,  paler  beneath,  sometimes  suffused  or 
coloured  brownish-red;  petioles  semiterete,  channeUed  above, 
coarsely  hairy  and  glandular,  dilated  and  sheathmg  at  the  base. 

No.  1.  Cordate,  obtuse,  five-nerved  at  the  base,  and  alternately 
peniunerved  upwards,  becoming  doubly  dentate-serrate. 

No.  2.  Cordate,  subacute,  lobulate  with  the  lobes  somewhat 
dentate.  No.  3  is  similar,  or  more  decidedly  lobulate. 

Androsace  rotundifolia,  Hardio.  (fig.  500). 
Primary  root  quite  normal. 

Hypocotyl  very  short,  tapermg  downwards,  shghtly  pubescent, 
very  pale  and  marked  with  red  dots ;  1-5-2  mm.  long. 
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Cotyledons  short,  ovate,  obtuse,  entire,  thinly  glandular- 
pubescent,  tipped  with  a  minute  tooth,  without  discernible  venation 
when  fresh ;  lamina  2-3  mm.  long,  l*75-2-25  mm.  wide ;  petiole 
flattened  or  sUghtly  grooved 
above,  thinly  glandular- 
pubescent,  1-1-25  mm.  long. 

Stein  herbaceous,  de- 
veloped when  about  to 
flower ;  primary  internodes 
undeveloped. 

Leaves  simple,  radical, 
alternate,  palmately  three- 
to  five-nerved,  and  lobed  or 
toothed,  glandular-pubes- 
cent (with  the  hairs  tipped 
by  a  red  gland),  dull  opaque 
green  above,  suffused  and 
mottled  with  red  beneath  ; 
petioles  semiterete,  chan- 
nelled above,  densely  gland- 
ular -  pubescent  with  red 
glands,  very  pale  green, 
mottled  and  striated  with 
red,  dilated  and  clasping  at 
the  base. 

No.    1   (and  in  small 
SeedhngS  sometimes  No.  2).        Fia.  boo.— Androsace  roiundifoUa,  x3. 
Cordate-triangular,  obtuse, 

entire  or  with  a  minute  glandular  tooth  on  each  side,  tipped  with 
an  obtuse  glandular  tooth,  obscurely  trinerved. 

No.  2.  Similar  or  larger  and  reniform,  five-nerved  and  five- 
toothed. 

No.  3.  Rotund-reniform,  five-nerved,  obtusely  five-toothed. 
No.  4.  Eotund-cordate,  five-  to  seven-nerved,  and  toothed  or  sub- 
lobulate. 

Androsace  nana,  Hornem. 

Hypocotyl  erect,  terete,  glabrous,  8-12  mm.  long,  pale  green  or 
colourless. 

_    Cotyledons  slightly  obovate  or  spathulate,  6-7  mm.  long  includ- 
ing the  short  petiole,  glabrous,  dark  green  ;  venation  very  indistinct. 
Stem  as  in  last  species. 

First  leaves  radical,  arranged  in  a  rosette,  entire,  linear-lanceo- 
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late,  acute,  hispid  (hairs  very  short  and  stiff),  tapering  to  the  base, 
almost  petiolate,  with  a  midrib,  but  no  lateral  nerves  apparent. 

Soldanella  sp. 

Primary  root  long,  slender,  tapering  somewhat  abruptly  below 
the  cotyledons,  with  numerous  fibrous  rootlets. 

Eypocotyl  not  appearing  above  the  soil,  scarcely  developed. 

Cotyledons  minute,  ovate,  obtuse,  entire,  petiolate,  glabrous, 
green,  without  any  distinct  venation ;  the  surface  is  covered  with 
numerous  mimite  pit-like  depressions. 

First  leaves  simple,  entire,  radical,  alternate,  oblate  or  almost 
reniform,  obtuse,  slightly  and  shallowly  cordate  at  the  base,  ex- 
stipulate,  glabrous,  dark  green,  trinerved ;  petioles  long,  shaUowly 
furrowed  or  channelled  on  the  upper  side. 


Cyclamen  persicum,  Mill. 

Primary  root  simple,  flexuose,  with  numerous  root-hairs,  and 
soon  assisted  by  numerous  adventitious  rootlets  as  strong  as  itself, 
springing  from  the  base  of  the  hypocotyl. 

Eypocotyl  globose,  fleshy,  almost  colourless  at  first,  becoming 
afterwards  pinkish,  then  darker,  ultimately  brown,  covered  at  an 
early  stage  with  minute  brown  hairs,  forming  the  persistent  rootstock 
of  the  plant,  and  gradually  attaining  a  considerable  size. 

Cotyledon  one,  cordate,  obtuse,  graduaUy  enlarging  and  perform- 
ing the  functions  of  a  leaf  which  it  resembles  in  aU  respects,  alter- 
nately and  incurvedly  penninerved,  each  lateral  nerve  unitmg  with 
the  one  above  it,  and  givmg  off  branches  towards  the  margin  which 
form  a  series  of  reticulations  as  the  lamina  enlarges,  crenate,  fre- 
quently bearing  smaller  teeth  between,  and  sometimes  glandular 
papilla,  glabrous  above,  deep  opaque  green,  or  finally  with  pale  green 
or  greyish  markings,  minutely  pubescent  beneath,  and  generaUy 
deep  red  ;  petiole  long,  terete  at  the  base,  shallowly  channeUed  up- 
wards, minutely  pubescent,  pale  green  or  more  often  stained  with  red. 

Exceptions  occur  where  the  cotyledon  assumes  the  appearance 
of  a  compound  leaf.  Occasionally  there  are  two  reniform  lammfe  on 
a  common  petiole  united  to  the  very  apex,  while  at  other  tnnes  the 
petiole  is  separated  into  two  for  some  considerable  way  do^m,  each 
bearmg  a  reniform,  crenate  or  angled  lamina.  Sometimes  three 
leaves  are  thus  united  with  the  cotyledon  instead  of  one,  and  when 
the  lower  pair  is  small  they  appear  like  stipular  organs  at  the  top 
of  the  petiole.  The  venation  of  each  lamina  is  similar  to  tha  ot  an 
ordinary  cotyledon.    In  a  pot  of  eighteen  seedlings,  eight  showed 
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some  such  monstrosity.  The  petioles  of  the  adult  plant  are  occasion- 
ally adnate  to  the  peduncles,  which  thus  assume  a  caulescent 
appearance. 

Leaves  simple,  radical,  alternate,  exstipulate,  petiolate,  radiately 
five-nerved  in  seedlings,  ultimately  seven-  to  nine-nerved,  irregularly 
crenate  at  the  margin,  glabrous  above  and  deep  green  marked  with 
grey,  paler  beneath,  or  more  or  less  suffused  with  red,  minutely  and 
papillosely  pubescent ;  petiole  subterete,  shallowly  grooved  towards 
the  base,  papillosely  and  minutely  pubescent. 

No.  1.  Eeniform,  five-nerved  with  the  nerves  radiating  and  in- 
curved towards  their  tips  where  they  branch  and  anastomose. 

Ultimate  leaves  broadly  cordate,  obtuse,  seven-  to  nine-nerved, 
with  the  midrib  and  some  of  the  stronger  nerves  more  or  less 
.  alternately  penninerved  ;  all  the  lateral  nerves  incurve  towards  their 
tips,  and  give  off  strong  branches  on  their  posterior  side  towards  the 
margin,  formmg  large  reticulations.  Small  branches  are  given  off 
into  the  crenatures. 

Gressner  (Bot.  Zeit.  1874,  p.  837)  says  there  is  a  shght  eminence 
which  represents  the  second  cotyledon,  and  which  subsequently 
develops  into  a  leaf,  so  that  Cyclamen  has  two  cotyledons  which 
resemble  leaves.  Eichard,  Treviranus,  and  Gaertner  (who  first 
wrote  about  it)  say  only  one. 

The  germination  of  Cyclamen  has  been  described  by  Gaertner,  ^ 
Eichard, 2  Mirbel,^  Treviranus,"*  Gressner,''^  and  Darwm. 

The  cotyledons  first  appear  as  two  small  eminences,  one  of  which 
makes  no  further  growth,  while  the  other  develops  into  a  green  coty- 
ledon resembhng  the  true  leaf  of  the  plant. 

Dr.  M.  T.  Masters  (Gardener's  Chron.  1887,  p.  596)  agrees  with 
Gaertner  and  Trevh-anus,  as  agauast  Mirbel,  that  there  is  only  one 
cotyledon,  but  the  first  two,  three,  or  even  four  leaves  sometimes 
have  their  petioles  connate. 

Lysimachia  ciliata,  L.  (fig.  501), 

Primary  root  tapering  downwards  and  flexuose,  giving  off  a  few 
lateral  rootlets,  but  soon  superseded  by  strong  adventitious  roots 
from  the  hypocotyl. 

Eypocotyl  short,  erect,  thickened  upwards,  glabrous,  closely  and 
mmutely  dotted  with  red,  4-5  mm.  long. 

'  Carpologia,  vol.  iii.  p.  25. 

^  Analyse  du  Fruit,  Paris,  1808,  p.  83.    English  translation  by  Lindley, 
Fruits  and  Seeds,  lionAon,  19,1^,^.11.  ' 
'  Ann.  du  Musde,  vol.  xvi.,  1811,  p.  454,  tab.  xvi. 
<  Symb.  Phyt.  Fasc.  i.,  1831,  p.  86,  and  tab.  iii.,  figg  66-71 
»  Bot.  Zeit.  1874,  pp.  801,  17,  31. 
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Cotyledons  ovate,  acute,  entire,  glabrous,  with  a  distinct  midrib, 
but  no  other  venation  discernible,  deep  green  above,  paler  beneath  ; 
lamina  4-7  mm.  long,  3-6  mm.  wide ;  petiole  channelled  above, 
convex  on  the  back,  2-5-6  mm.  long,  shghtly  connate  at  the  base, 

glabrous,  dotted  with  red. 

Stem  herbaceous,  throwing  up 
annually  leafy,  flowering  stems  from 
a  persistent  rootstock,  quadrangular, 
densely  covered  with  a  glandular 
pubescence;  1st  internode  -S-l-SS 
mm.  long  ;  2nd  1-3-5  mm. ;  3rd  1- 
10  mm. 

The  internodes  are  more  de- 
veloped when  the  seedlings  are 
crowded  than  when  they  have  plenty 
of  space. 

Leaves  simple,  entire,  cauline, 
opposite,  alternately  incurvinerved, 
obscurely  reticulate,  minutely  glan- 
dular and  deep  green  on  the  upper 
surface,  paler  beneath;  petioles 
semiterete,  channelled  above,  more 
or  less  thinly  ciUate  along  the  edges 
in  the  seedling  stage,  but  more 
decidedly  so  in  the  adult  plant  with 
coarse  hairs  or  fringes,  shghtly  con- 
nate at  the  very  base. 
First  pair  ovate,  obtuse,  similar  to  the  cotyledons,  but  shghtly 

Second  to  fourth  pairs  ovate,  graduaUy  larger  and  more  acute. 


Fig.  501. — Lysimachia  ciliata. 
Nat.  size. 


Asterolinum  splendidum,  Auct. 

Bypocotyl  erect,  terete,  glabrous,  colourless  below  the  soU,  green 

above  it,  1-1-5  cm.  long.  ,      i  xv,  an 

Cotyledons  linear-oblong,  obtuse,  glabrous,  tapermg  at  the  base 
but  scarcely  petiolate,  entire,  8-10  mm.  long,  1-2  mm.  wide,  bnght 
green,  Hghter  beneath,  buds  which  develop  mto  branches  are  formed 

in  their  axils.  i     •  tor 

Stem  herbaceous,  erect,  terete,  glabrous,  pale  green ;  1st  mier- 

node  3-3-5  mm.  long  ;  2nd  only  from  1-5-2  mm. 

Primary  leaves  cauline,  simple,  opposite,  decussate,  sessile,  entire. 

linear-lanceolate,  acute,  glabrous,  hght  green. 
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Anagallis  arvensis,  L. 

Hypocotyl  erect,  terete,  glabrous,  5-8  mm.  long,  almost  colour- 
less, with  occasionally  a  slight  reddish  tinge. 

Cotyledons  ovate-lanceolate,  obtuse,  entire,  glabrous,  green  with 
brown  spots  beneath,  indistinctly  one-nerved  ;  petioles  short,  very 
slightly  flattened  above. 

Stem  erect,  or  procumbent  in  rich  soils,  quadrangular,  herba- 
ceous ;  1st  internode  5-6  mm.  long  ;  2nd  shorter. 

First  leaves  simple,  entire,  cauline,  opposite,  decussate,  broadly 
ovate,  obtuse  or  subacute,  glabrous,  green  with  dark  spots  beneath, 
trinerved  at  the  base. 


MYRSINE^. 

Benth.  et  Hook.  Gen.  PI.  ii.  639. 

Fruit  and  Seed. — The  ovoid  or  globose  ovary  is  superior, 
or  inferior  in  Maesa,  one-celled  with  few  or  numerous  ovules 
inserted  on  a  free-central  globose  placenta  or  deeply  immersed 
in  it,  amphitropous  or  anatropous.   The  fruit  is  globular,  dru- 
paceous or  baccate,  with  a  pulpy  exocarp  and  a  crustaceous 
endocarp,  one-  or  few-  very  rarely  many-seeded.    The  seed 
is  nearly  always  solitary  and  globose,  conforming  to  the 
interior  of  the  cavity,  often  umbilicate  at  the  base  with  a 
shallow  or  deep  cavity  owing  to  a  thickening  or  swelling  of 
the  placenta  the  sides  of  which  are  prolonged  into  a  cup-shaped 
membrane  surrounding  the  base  of  the  seed.    Much  more 
rarely  the  seeds  are  numerous  and  small  or  relatively  large, 
tumid,  bluntly  angled  and  obliquely  affixed  to  the  placenta. 
The  testa  is  membranous  and  closely  adheres  to  the  copious, 
fleshy  or  horny,  smooth  or  ruminated  endosperm.    The  em- 
bryo when  normal  is  transverse  to  the  placenta  in  all  cases 
where  the  seed  is  solitary;  but  where  the  seeds  are  more 
numerous  in  a  fruit,  the  embryo  is  more  or  less  axile  or 
excentric,  and  cylindrical,  curved  or  arcuate.    The  cotyledons 
are  small  and  of  the  same  width  as  the  radicle,  which  is 
elongated  and  terete ;  in  some  cases  they  are  foUaceous. 

The  fruits  observed  all  belong  to  the  genus  Ardisia, 
and  are  globose,  drupaceous,  and  one-seeded.    The  seed  is 
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shallowly  indented  at  the  base,  while  on  the  other  hand  there 
is  a  slight  swelling  at  the  micropyle  caused  by  the  radicle 
being  closely  pressed  against  it.  The  embryo  when  normal 
is  transverse  to  and  parallel  with  the  placenta,  but  there  are 
exceptions  when  more  than  one  embryo  occurs  in  a  seed. 

The  fruit  of  Ardisia  polycephala  is  depresso-globose,  and 
considerably  flattened  on  the  top.    The  embryo  is  terete  and 
thickened  or  clubbed  at  the  tip  of  the  radicle,  with  the  back 
of  the  cotyledons  to  the  placenta.    The  fruit  of  A.  japonica 
(fig.  504)  is  perfectly  globular  with  exception  of  the  basal  in- 
dentation.   The  seed  presents  the  remarkable  pecuUarity  of 
often  containing  several  embryos,  as  many  as  six^  being 
sometimes  present.     The  radicle  in  such  a  case  points  m 
various  ways,  and  in  germination  each  embryo  makes  its  exit 
at  different  places.    Even  although  the  embryo  is  solitary 
in  a  seed  of  A.  crenulata,  it  is  nearly  always  excentric  and 
ascending.    The  cotyledons  of  this  species  never  leave  the 
seed,  but  during  germination  they  attain  a  considerable  size, 
and 'become  slightly  convolute  with  the  edge  of  one  within 

that  of  the  other. 

Seedlings.— There  is  considerable  variation  amongst  the 
seedlings  of  this  Order,  and  of  the  four  genera  and  eight 
species  observed  hardly  any  two  are  exactly  alike  in  form  as 
far  as  the  cotyledons  are  concerned.    Those  of  Msesa  argentea 
are  small,  oval,  and  entire.     The  first  leaf  is  ovate  and 
serrate,  the  size  rapidly  increasing  in  succeedmg  ones,  ihe 
cotyledons  of  Jacquinia  ruscifoHa  are  oblong-ovate,  coriaceous, 
and  very  persistent.    The  first  pair  of  leaves  are  opposite, 
elliptic,  and  larger  than  the  cotyledons.    The  second  pair 
are  also  opposite,  smaller,  and  sometimes  at  least  very  un- 
equal in  size.    After  this  the  leaves  are  lanceolate-eUiptic, 

and  whorled.  ,    -r-,   ,  i-  -n-i 

A  very  remarkable  case  occurs  m  Embelia  Eibes  iig^ 
502)  the  cotyledons  of  which  are  ovate,  acute,  glandulai- 
ciUate  and  finely  serrate  along  the  whole  margiii  in  the  young 
state,  but  ultimately  on  the  upper  half  only,  owmg  apparent^ 
to  intercalary  growth  at  the  base.  The  venation  of  the  full- 
grown  cotyledons  would  seem  to  mdicate  the  same  fact,  oi 
the  trinerved  condition  of  the  upper  part  is  evidently 
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that  most  commonly  characteristic  of  cotyledons,  while  the 
venation  of  the  lower  half  corresponds  to  that  of  the  leaves. 
The  jfirst  leaf  is  similar  in  shape  to  the  cotyledons  but  smaller. 
Succeeding  ones  are  larger  and  gradually  pass  through  ovate 
and  elliptic  to  lanceolate  forms.  The  plant  itself  is  shrubby, 
erect  at  first,  but  ultimately  climbing. 

The  cotyledons  of  Embelia  viridiflora  are  large,  elliptic, 
somewhat  undulated,  entire,  and  persistent.  The  growth 
of  the  stem  is  very  much  interrupted,  and  at  the  lower  part 
of  each  growth  some  of  the  leaves  are  small  and  scale-like, 
followed  by  a  few  that  are  similar  in  shape  to  the  cotyledons 
but  larger. 

The  four  species  of  Ardisia  examined  have  cotyledons 
widely  different  m  form,  and  differ  more  or  less  widely  in 
their  mode  of  germination.  The  cotyledons  of  A.  polycephala 
(fig.  506)  are  elliptic,  emarginate,  foliaceous,  and  persistent, 
with  an  incurved  penninerved  venation  like  that  of  the 
leaves,  the  first  two  of  which  are  similar,  but  larger  and  en- 
tire. Succeeding  ones  rapidly  increase  in  size,  but  especially 
in  length. 

In  A.  mamillata  (fig.  505)  the  hypocotyl  is  short  but 
very  stout  and  fleshy.  The  cotyledons  are  aerial  but  small, 
oblate,  bifid  and  hairy.  Those  of  A.  crenulata  (fig.  503) 
are  small,  spathulate,  and  petiolate,  but  never  leave  the 
seed.  The  latter  if  fairly  well  covered  with  soil  remains 
underground,  when  the  petioles  of  the  cotyledons  attain  a  few 
millimeters  in  length ;  but  if  the  fruit  with  its  seed  is  uncovered 
the  cotyledons  are  almost  sessUe,  and  the  seed  gets  carried  up 
by  the  elongating  hypocotyl.  This  is  more  decidedly  the  case 
in  A.  japonica  (fig.  504),  the  hypocotyl  of  which  varies  from 
1-3-3  cm.  in  length.  The  cotyledons  are  small,  ovate  and 
never  leave  the  seed,  which  therefore  gets  carried  up  with  the 
growth  of  the  seedling.  The  petioles  of  the  cotyledons  are 
both  directed  to  one  side  of  the  axis,  flattened,  pubescent, 
and  become  undulated  as  they  lose  substance  and  fade.  The 
first  three  leaves  vary  from  oval  to  rotund  and  ovate,  and 
are  serrate  like  the  adult  leaf  which  is  evergreen.  Several 
seedlings  often  proceed  from  the  same  seed,  as  mentioned 
above. 
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Msesa  argentea,  Wall. 

Hypocotyl  sliort,  erect,  terete,  glabrous,  -75-1  mm.  long 
greenish. 

Cotyledons  small,  ovate  or  oval,  obtuse,  entire,  petiolate,  glabrous, 
green,  one-nerved ;  petioles  short,  channelled  above. 

Ste^n  erect,  terete,  herbaceous,  ultimately  woody,  stout,  pubes- 
cent;  1st  internode  about  1  mm.  long;  2nd  1-5-2 mm. ;  3rd,  4th, 
and  5th  rather  longer. 

First  leaves  simple,  caulrne,  alternate,  exstipulate,  petiolate, 
oblong,  acuminate,  coarsely  serrate,  covered  when  young  with  a 
minute  pubescence,  afterwards  apparently  glabrous,  green,  distmctly 
pinnatinerved  ;  petioles  stout,  deeply  channeUed  on  the  upper  face. 

Embelia  Eibes,  Burm.  (fig.  502). 

Primary  root  normal,  but  soon  superseded  by  strong  adventitious 
roots  from  its  base,  or  from  the  base  of  the  hypocotyl. 

Hypocotyl  erect,  terete,  densely  and  finely  glandular-pubescent, 
pale  green  spotted  or  striped  with  brown,  2-2-5  cm.  long. 

Cotyledons  ovate,  obtuse  or  subacute,  indistinctly  alternately 

incurvinerved  and  reticulate, 
distantly  serrate  in  the  upper 
half,  tapering  into  a  petiole, 
bright    green    and  shLdng 
above,  much  paler  beneath, 
and  dotted  with  sunken  black 
glands,     thhily  glandular- 
pubescent    at    the  margins 
when  young  ;  lamina  l-4-l-o 
cm.    long,    9-5-11-5  mm. 
wide ;     petioles  semiterete, 
sUghtly  furrowed  above,  finely 
glandular-pubescent,  forming 
a   shght    rim    around  the 
stem  at  their  base,  2-5-3-5 
mm.  long. 

Stem  erect  in  the  young 
,    ,  .      state,  terete,  finely  glandular- 

^ro.^QI.-EmheliaBihes.    Half  nat.  B>ze.     ^^^^^^^^^^   subflexUOSe,  pale 

green  minutely  dotted  with  brown,  ultimately  -0^7  and  ^^d^^* ' 
f  St  internode  2-25-5  mm.  long  ;  2nd  3-5-5  mm. ;  3  d  2  5-4^^- 
Leaves  alternate,  alternately  mc^erved,  ^fj^^^^^^. 
1  +n  vntliPr  thick   shining  on  both  surfaces,  bught  green 
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both  surfaces  ;  petioles  semiterete,  channelled  above,  thickly  glan- 
dular-pubescent, tapering  downwards  and  articulated  with  the 
stem. 

No.  1.  Broadly  ovate  or  short  elliptic,  acute,  serrate  except 
towards  the  base. 

No.  2.  Elliptic,  otherwise  Uke  the  first. 

Nos.  3  and  4.  Lanceolate-elliptic,  acute,  tapering  and  entire  at 
the  base. 

Nos.  5-7.  Lanceolate,  acuminate,  otherwise  similar  to  Nos.  3 
and  4. 

Embelia  viridiflora,  Scheff. 

Hypocotijl  woody,  3-6  cm.  long,  about  3  mm.  thick,  terete, 
glabrous,  lenticelled,  greyish-brown. 

Cotyledons  shortly  petioled,  2'5-3-5  cm.  long,  nearly  2  cm. 
wide,  eUiptic-lanceolate,  subacute  at  the  base,  penninerved,  with 
sunk  midrib  and  an  entire  undulate  margin,  quite  glabrous,  some- 
what leathery,  shining  dark  green  above,  very  shghtly  paler  beneath, 
very  persistent. 

Stem  Hke  the  hypocotyl,  with  internodes  of  very  unequal  length  ; 
the  younger  part  succulent  and  bright  green. 

Leaves  entire,  glabrous,  coriaceous,  intense  green  on  both  sides, 
beset  with  black  translucent  glands  of  two  forms,  round  and  ob- 
long or  linear ;  petioles  short,  flat  or  channeUed  above,  somewhat 
margined  m  the  upper  part  by  the  decurrent  lamina. 

The  first  leaf  is  very  httle  above  the  cotyledons,  and  exactly  Uke 
them  except  for  the  translucent  glands. 

Succeeding  ones  are  only  larger  and  more  distant  from  each 
other— most  of  the  glands  are  round,  but  some  are  oblong  or 
linear. 

This  interesting  plant  presents  interrupted  growth  within  a  smaU 
space  of  time  similar  to  that  of  many  fruit  trees.  In  the  present 
ease  four  distinct  growths  occurred  in  the  prunary  axis  not  more 
than  10  cm.  long,  namely,  one  growth  ending  in  the  seed  leaves 
4-8  cm.  long ;  a  second  consisting  of  the  first  four  internodes 
8  mm.  long  ;  the  next  about  2-8  cm. ;  and  the  last  only  1-6  cm 

Furthermore  the  shoots  of  the  stem  bear  one,  two  or  more  alter- 
nate small  leaves  or  scales  on  their  lower  part,  and  generally  onlv 
two  well-formed  leaves  at  the  top. 

Ardisia  crenulata,  Vent. 

Fruit  a  drupe,  globose,  indented  or  umbihcate  at  the  base 
mmutely  so  at  the  apex,  glabrous,  deep  bright  red  when  mature ;' 
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epicarp  thin ;  mesocarp  pulpy,  pale  pink  or  almost  colourless  ; 
endocarp  crustaceous,  marked  longitudinally  from  base  to  apex 
with  strong,  simple  or  somewhat  forking  nerves ;  placenta  promi- 
nent causing  a  shght  indentation  in  the  base  of  the  seed,  and 
thinned  away  towards  the  sides,  forming  a  cup  round  the  base  of  the 

seed. 

Seed  solitary,  globose,  sUghtly  in- 
dented at  the  base,  conforming  to  the 
cavity  of  the  ovary ;  testa  thin,  pale 
brown,  membranous. 

Endosioerm  fleshy,  subtransparent, 
firm,  but  when  dry  horny,  constitut- 
ing the  greater  bulk  of  the  seed. 

Embryo  straight,  transverse  to  the 
seed,  or  more  often  ascending,  more 
than  half  the  width  of  the  seed,  but 
proportionately  much  shorter  than 
that  of   A.  japonica    or   A.  poly- 
cephala,  2-75-3-25  mm.  long;  coty- 
ledons mmute,  ovate,  obtuse,  entire, 
colourless,  lymg  with  thek  edges  per- 
pendicular to  the  hilum  ;  radicle  cyhn- 
drical,  stout,  obtuse,  abuttbig  against 
the  testa  and  causing  a  shght  eleva- 
tion,  pale    greenish,  several  times 
longer  than  the  cotyledons,  horizontal 
or  more  often  ascending. 

Seedling  (fig.  503). 
Primary  root  long,  fleshy,  gradu- 
ally tapermg,  givmg  off  a  few  scattered 
lateral  rootlets. 

Hypocotyl  terete,  fleshy,  stout,  pale 
or  dirty  white  beneath  the  soil,  aiid 
pale  green  dotted  with  red  above  it, 
minutely   pubescent,   about   2  cm. 
..........  long,  1-5-2  mm.  thick. 

^1  Info  rprminine  in  the  testa  until  the  endo- 

6-5  mm.  long ;  2nd  2  mm. ;  3rd  1-5  mm. ;  4th  3  o  mm. 


Pig.  503. — Ardisia  crenulata. 
Nat.  size. 
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Leaves  alternate,  evergreen,  crenate,  obtuse  or  emarginate,  deep 
green  above,  paler  beneath,  glabrous,  with  a  row  of  submarginal  red 
glands  evident  on  both  surfaces,  sometimes  also  developing  scattered 
glands  all  over  the  upper  surface ;  petioles  very  short,  flattened 
above  or  subchanneUed. 

No.  1.  Small,  spathulate  or  obovate,  truncate. 

Nos.  2  and  3.  Oval,  obtuse. 

No.  4.  Elliptic,  narrowed  somewhat  to  both  ends,  minutely 
emarginate. 

Ardisia  japonica,  Blum.  (fig.  504). 

Fruit  a  globose  drupe,  scarlet,  glabrous  ;  epicarp  thin ;  mesocarp 
pulpy ;  endocarp  pale  brown,  crustaceous,  marked  longitudinally 
with  strong  nerves ;  placenta  prominent, 
thickened,  causing  an  indentation  at 
the  base  of  the  seed,  thinning  away 
towards  the  sides  and  forming  a  cup 
surrounding  the  base  of  the  seed. 

Seed  as  in  A.  crenulata. 

Endosperm  copious,  constituting 
nearly  the  whole  bulk  of  the  seed,  sub- 
transparent. 

Embryo  similar  to  that  of  the  last 
species,  but  reaching  almost  across  the 
seed,  the  cotyledons,  which  are  equal  in 
width  to  the  radicle  at  their  base  and 
tapering  towards  the  tip,  lying  just 
withia  the  endosperm  on  one  side  of  the 
seed,  or  directed  towards  the  base  in  cases  where  the  radicle  ascends; 
radicle  many  times  longer  than  the  cotyledons. 

When  the  embryo  is  soUtary  it  is  transverse  to  the  axis,  but  the 
number  of  embryos  varies  from  one  to  six  ;  when  several  they  assume 
various  directions,  ascending,  erect  or  suberect,  and  nearly  or  quite 
perpendicular  to  the  placenta. 

Seedling. 

Eypocohjl  similar  to  that  of  A.  crenulata. 

Cotyledons  small,  ovate,  with  long  petioles,  remaining  in  the 
seed;  petioles  flattened  above  and  channelled,  glandular-pubescent 
or  cihate. 

Stem  erect,  terete,  densely  glandular-pubescent  and  red,  at  least 
when  young,  ultimately  woody ;  first  internode  undeveloped ;  2nd 
and  8rd  each  about  -5  mm.  long. 
II. 


Fig.  B04. — Ardisia  japonica. 
Germinating  seed,  showing 
six  embryos,  x  2. 
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Leaves  alternately  penninerved  and  reticulate,  minutely  glandu- 
lar-pubescent on  both  surfaces,  and  beset  with  orange-coloured, 
pellucid  glands  in  the  tissue  all  round  the  margin  of  the  leaf,  deep 
green  above,  paler  beneath,  more  or  less  shining  on  both  surfaces, 
evergreen;  petioles  short,  semiterete,  channelled  above,  finely 
glandular-pubescent,  reddish. 

No.  1.  Transversely  oval,  serrate,  small. 

No.  2.  Eotund,  irregularly  serrate. 

No.  3.  Obhquely  ovate,  obtuse,  unequally  serrate,  appearing 
rather  deformed. 

Ardisia  mamillata,  Hance  (fig.  505). 

Primary  ropt  very  long,  stout,  tapering  down- 
wards and  giving  off  numerous  lateral  branches. 

Hypocotyl  erect,  very  stout,  fleshy,  cyhn- 
drical  or  tapering  somewhat  to  either  end, 
minutely  pubescent,  1  cm.  long. 

Cotyledons  oblate,  emarginate  or  obreni- 
form,  sessile,  subfleshy,  deep  green,  very  hairy 
on  both  surfaces  with  transparent  jointed 
hairs,  which  are  longest  on  the  upper  sur- 
face and  on  the  margm,  convex  above,  revolute 
at  the  margin  and  concave  beneath,  showmg  a 
midrib  very  distinctly,  but  no  other  venation. 

The  emargination  of  the  cotyledons  appears 
to  be  due  to  their  being  convolute  and  closely 
wrapped  or  rolled  round  the  plumule  before 
emerging  from  the  albuminous  seed.  The 
latter  is  round  like  a  small  pea,  and  the  coty- 
ledons, after  attaining  their  fuU  length,  grow 
greatly  in  width  and  are  accommodated  m  the 
seed  by  becoming  convolute,  as  in  Geranium, 
Eucalyptus,  and  others. 

Leaves  shortly  penninerved,  densely  covered 
on  the  upper  surface  with  mamiUate  out- 
growths or   emergences,  upon  which  long 
coarse  hairs  are  seated,  oblong,  obtuse,  subcoriaceous,  persistent. 

Ardisia  polycephala.  Wall. 

Fruit  a  drupe,  depresso-globose  or  considerably  flattened  at  the 
top,  smooth,  deep  black;  epicarp  thin;  endocarp  crustaceous  and 
marked  from  base  to  apex  with  strong  longitudinal  nerves;  meso- 
carp  pulpy,  reddish  or  pinkish ;  placenta  basal,  promment  and 


Fig.  605. 
Ardisia  mamillata. 
Seedling,  showing 
emarginate  coty- 
ledons.   Nat.  size. 
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protruding  into  tlie  ovary,  where  it  causes  a  cavity  at  tlie  base  of 
the  seed,  and  thinning  away  towards  the  sides  forms  a  cup  round  the 
same  ;  it  becomes  brown  and  membranous  when  mature. 

Seed  globose,  immersed  in  the  basal  placenta,  and  closely  filling 
the  cavity  of  the  ovary,  depressed  or  rather  indented  at  the  base  by 
the  prominent  thickened  placenta ;  testa  extremely  thin  and  mem- 
branous, pale  brown. 

Endosperm  copious,  subtransparent,  fleshy  when  mature,  horny 
when  dry. 

Embryo  straight,  cylindrical,  transverse  to  the  seed  and  parallel 
with  the  placenta,  nearly  equalling  the  width  of  the  seed,  colourless  ; 
cotyledons  minute,  ovate,  obtuse,  lying  with  their  backs  to  the  basal 
placenta  and  their  tips  just  inside  the  periphery  of  the  seed,  and 
embedded  in  the  endosperm  ;  radicle  nearly  constituting  the  whole 
embryo,  cyhndrical,  stout,  obtuse,  abutting  against  the  testa  on  one 
side  of  the  seed  and  even  causing  a  shght  prominence  there. 

EABLY  DEVELOPMENT  OP  OOTYLEDONS. 

During  germination  the  seeds,  if  but  lightly  buried,  are  carried 
up  on  the  tip  of  the  seedhng  ;  but  if  moderately  deep  in  the  soil,  the 
hypocotyl  rises  with  a  curve  and  finally  pulls  itself  out  of  the  seed 
and  becomes  erect. 

The  cotyledons  are  now  oblong,  obtuse,  concave  and  closely  ap- 
plied to  each  other  by  their  edges  or  more  or  less  distinctly  convolute 
one  over  the  other,  densely  glandular,  sessile  or  subsessile,  becoming 
shortly  but  distinctly  petiolate,  and  greatly  enlarged  by  the  twenty- 
third  day  after  germination. 

They  then  unfold  or  unroll,  becoming  flat,  elhptic-ovate,  obtuse 
or  subapiculate,  obsoletely  dentate  at  the  margin,  alternately  and 
irregularly  penninerved,  reticulate  with  the  principal  nerves  running 
into  the  minute  teeth  by  a  straight  or  zigzag  course,  or  often  send- 
ing strong  lateral  branches  into  them. 

Seedling  (fig.  506). 
Hypocotyl  8-4  cm.  long. 

Cotyledons  ultimately  elliptic,  obtuse,  emarginate,  coriaceous, 
evergreen,  glabrous,  persisting  for  about  a  year,  petiolate,  about 
2-3  cm.  long  and  1-6  cm.  wide. 

The  midrib  is  strong,  traversing  the  leaf  and  tapering  upwards 
till  near  the  apical  smus,  where  it  bifurcates,  a  branch  passing 
on  each  side  of  the  suaus  also  giving  off  numerous  lateral,  ascending 
Bhghtly  wavy  veins,  furnished  with  branches  uniting  with  one  ano- 
ther towards  the  margin,  and  forming  a  series  of  large  reticulations. 

o  2 
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Apex  ending  in  a  few  large  pores  and  forming  a  small,  somewhat 
crustaceous  and  brittle  mucro  crumbling  away  in  old  specimens, 
while  the  margin  elsewhere  remains  intact. 

Stomata  large,  numerous  on  the  mider  side,  fewer  on  the  upper. 


Pig.  BQ&.—Ardisia  polycephala.   Half  nat.  Bize. 

Resin  or  oil  cavities  rather  numerous,  brownish-orange,  scattered 
and  sunk  in  the  tissue  of  the  leaf. 
Leaves  coriaceous,  persistent. 
No.  1.  Elliptic,  obtuse,  entire. 
The  ultunate  ones  exactly  similar,  but  much  larger. 

Jacquinia  ruscifolia,  J"acg. 

Eypocotyl  woody,  erect,  terete,  shortly  pubescent,  dull  green, 

2  mm.  above  the  soil.  .  .  ^  ,  „ 

Cotyledons  oblong-ovate,  undulate  or  curhng,  rigid  mucronate 
cartilagmous  at  the  margin,  deep  green  above,  paler  beneath,  gla- 
brous, sessile,  1-5  cm.  long,  7  mm.  wide. 

Stem  woody,  erect,  terete,  subscabrous,  pale  green ;  1st  and  2nd 
internodes  undeveloped.  _ 

Leaves  verticiUate,  entire,  glabrous,  rigid,  ^}}^I'^^^^J^^^ 

above,  paler  beneath,  subrevolute  at  --g^'/^PPf^^^,*^ 
slightly  subchanneUed  above,  more  or  less  carmate  beneath ,  petioles 

rigid,  1-2  mm.  long. 

First  pair  opposite,  elliptic.  „„^nnfll  the 

Second  pair  opposite,  scarcely  decussate,  elhptic,  unequal. 

''^tr:Z":^i^  terminates,  and  several  small  brown  scale- 

When  g'^thtommences  five  narrowly  lanceolate  leaves  a. 
produced  fn  a  whorl;  above  this  two  small,  narrowly  lanceolate, 

°''Hi^°g-th  is  again  arrested,  and  the  bud  is  protected  with 
small  scales. 
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Benth.  et  Hook.  Gen.  PI.  ii.  650. 

Fondt  and  Seed— The  ovary  is  superior,  and  consists  of  two 
to  five,  rarely  many,  carpels  cohering  to  form  as  many  cells. 
The  ovules  are  solitary  in  each  cell,  attached  near  the  apex  or 
at  least  some  distance  above  the  base  of  the  axile  placentas,  and 
amphitropous.  The  hilum  is  ventral  and  usually  very  large. 
The  fruit  is  baccate,  pulpy,  fleshy,  more  rarely  thickened  and 
dry  or  rarely  thin,  but  always  indehiscent.  It  contains  as 
many  cells  as  there  are  carpels,  or  by  abortion  it  may  be  one- 
celled  and  one-seeded,  in  which  case  the  seed  is  very  large  and 
conforms  to  the  cavity.  When  the  seeds  are  more  numerous 
they  are  arranged  around  the  central  axis  and  flattened  on 
their  sides  by  mutual  pressure.  The  hilum  is  often  of  great 
size,  linear,  oblong,  or  elliptic  and  frequently  at  least  equalling 
the  seed  in  length.  Sometimes  it  is  broad  and  confined  to  an 
area  near  the  base  of  the  seed.  The  testa  is  crustaceous  or 
lignified,  smooth  and  shining  as  in  Lucuma,  The  embryo  is 
straight  with  large  cotyledons,  and  when  endosperm  is  present 
they  are  flat  and  at  right  angles  or  parallel  to  the  axis.  When 
endosperm  is  wanting  as  in  Lucuma  the  cotyledons  are  of 
great  size  and  convexo-concave  or  variously  squeezed  into  or 
overlapping  one  another  at  the  edges.  The  radicle  is  always 
inferior  and  as  a  rule  very  minute  compared  with  the  cotyle- 
dons. The  latter  may  be  described  as  conferruminate  in 
cases  where  endosperm  is  wanting  and  they  attain  a  large 
size,  as  in  a  few  species  of  Lucuma,  but  more  decidedly  in  the 
genus  Sarcosperma  where  the  embryo  is  homogeneous  and 
inseparable  into  its  component  parts.  Other  exceptions  occur 
in  Argania,  in  which  the  septa  and  axile  placentas  disappear 
during  growth,  and  the  whole  of  the  seeds  become  agglomerated 
into  a  central  mass.  The  testa  of  the  seeds  in  Labatia  and 
Argania  is  very  thick  and  hgnified,  as  is  the  case  also  in 
Lucuma  mammosa.  Endosperm  is  wanting  in  the  latter  and 
the  large  embryo  conforms  to  the  interior  of  the  seed.  The 
cotyledons  are  very  fleshy  and  closely  appHed  to  one  another, 
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but  readily  separable,  and  in  germination  swell  up  so  as  to 
burst  the  woody  testa  in  halves. 

In  Butyrospermum  Parkii  the  ovary  consists  of  eight  to  ten 
carpels  with  as  many  cells,  each  of  which  contains  one  ovule. 
The  fruit  is  one-  or  few-seeded  by  abortion.  The  fleshy  coty- 
ledons are  plano-convex  and  inseparable  from  one  another, 
forming  a  mass  conforming  to  the  seed,  which  is  variable  in 
outline,  ovoid,  oblong-ovoid,  or  almost  globose,  with  an  oblong 
or  elliptic  hilum  broadest  at  the  upper  end.  The  radicle  ia 
short  and  scarcely  protruded  from  between  the  cotyledons. 

Seedlings.— There  are  two  leading  types  in  this  Order 
according  as  the  cotyledons  are  aerial  or  subterranean.  The 
cotyledons  vary  in  shape  in  both  cases  in  conformity  with  the 
seed  in  which  they  were  developed.  Those  of  Sideroxylon 
tomentosum  are  broadly  ovate,  rounded  at  the  base,  obtuse  at 
the  apex,  coriaceous,  with  an  incurved  penninerved  venation 
similar  to  that  of  the  leaves,  and  very  persistent.  They 
probably  endure  as  long  as  the  first  leaves,  seeing  that  they 
were  still  in  perfect  health  a  year  and  a  half  after  germi- 
nation. The  cotyledons  of  Mimusops  Balata  are  oblong-ovate, 
obscurely  penninerved,  coriaceous  and  also  very  persistent. 
The  first  four  leaves  are  obovate-lanceolate. 

The  seedlmg  of  Eostellaria  abyssinica  is  much  smaller 
than  either  of  the  foregoing,  with  a  finely  pubescent  hypocotyl. 
The  cotyledons  are  suborbicular,  emarginate,  and  faintly  tri- 
nerved.  The  primary  leaves  are  oval,  entire,  pennuaerved 
and  opposite. 

A  strikingly  different  type  is  represented  by  an  unnamed 
species  of  Lucuma  (fig.  507).  The  cotyledons  are  oblong, 
plano-convex,  or  slightly  concave  on  the  upper  surface,  very 
fleshy  and  narrowed  to  a  short  petiole  which  is  connate  and 
forms  an  annulus  around  the  axis.  They  are  subterranean 
or  partly  so,  but  split  the  testa  into  halves  and  spread  out 
horizontally,  or  one  is  directed  upwards  and  the  other  down- 
wards When  the  upper  surface  is  exposed  to  the  light,  it  deve- 
lops chlorophyll  and  becomes  green.  The  extreme  hairmess  of 
the  young  stem  and  lanceolate-eUiptic  penninerved  leaves  in 
the  seedling  stage  at  least  is  very  noticeable.  The  seedling  ot 
Lucuma  mammosa  is  very  similar  to  the  last  m  all  tne 
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leading  particulars.  The  cotyledons  are  subterranean  and 
fleshy,  but  split  open  the  woody  testa  during  germination. 
The  stem  is  very  stout  and  is  notable  for  the  length  of  the  first 
internodo  which  measures  7-10  cm.,  and  compensates  for 
the  want  of  the  hypocotyl.  The  leaves  are  sometimes  pseudo- 
verticiilate,  but  as  a  rule  alternate,  and  the  first  six  are  closely 
aggregated  above  the  first  internode,  oblong  or  lanceolate- 
elliptic  and  penninerved. 

The  cotyledons  of  Butyrospermum  Parkii  are  fleshy  and 
subterranean  like  those  of  Lucuma  ;  but  the  first  three  or  four 
leaves  are  small,  scale-like,  and  caducous,  while  their  stipules 
are  more  persistent.  The  next  two  or  three  are  foliaceous, 
elliptic  and  penninerved. 

Chrysophyllum  oliviforme,  Lam. 

Primary  root  long,  tapering,  with  lateral  rootlets. 
Hypocotyl  erect,  terete,  glabrous,  soon  becoraing  woody,  3"5- 
4'6  cm.  long. 

Cotyledons  oval,  obtuse,  entire,  shortly  petiolate,  obscurely  tri- 
nerved,  opaque,  fleshy,  deep  olive-green  and  convex  above,  much 
paler  beneath  and  sometimes  slightly  concave,  glabrous,  often 
irregular  in  outline,  often  shortened  at  the  apex,  and  in  other 
cases  somewhat  oblique ;  petiole  plano-convex  or  slightly  grooved 
above. 

Stem  erect,  terete,  or  slightly  compressed  in  the  seedling, 
covered  with  a  pale  brown  or  yellowish,  adpressed  pubescence  ;  1st 
internode  4  ram.  long. 

Leaves  simple,  entire,  cauline,  alternate  except  the  primary 
ones,  shortly  petiolate,  exstipulate,  penninerved,  with  the  nerves 
incurved  and  not  reaching  the  margin  ;  petiole  subterete,  channelled 
above,  covered  with  an  adpressed  pubescence. 

No.  1.  Lanceolate,  acuminate,  cihate  at  the  margin,  slightly 
hairy  on  the  ribs  above  at  least  when  young,  and  covered  with  a 
silky  adpressed  pubescence  beneath. 

Lucuma  mammosa,  Gaertn. 

Seed  very  large,  elhptic,  with  a  smooth  woody  testa. 

Hypocotyl  undeveloped,  or  short  and  subterranean. 

Cot7jledons  conforming  to  the  interior  of  the  testa,  fleshy,  plano- 
convex, or  slightly  concave  above,  sphtting  open  the  testa  during 
germination,  but  remaining  in  it  and  subterranean. 
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Stem  stout,  erect,  purple-brown,  pubescent,  soon  becoming 
woody;  1st  internode  7-10  cm.  long;  several  succeeding  ones 
short.  The  long  first  internode  is  to  make  up  for  the  non-develop- 
ment of  the  hypocotyl. 

Leaves  thinly  pubescent. 

Nos.  1-6.  Oblong  or  lanceolate-elliptic,  rather  crowded  above 
the  first  internode. 

Lucuma  sp.  (fig.  507). 

Primary  root  long,  stout,  tapering 
downwards  and  quite  unbranched  in 
the  early  stages. 

Hypocotyl  very  short,  stout,  sub- 
terranean. 

Cotyledons  very  large,  fleshy,  plano- 
convex or  shghtly  concave  on  the  upper 
surface,  sessile  or  narrowed  to  very 
short  petioles  which  are  connate  around 
the  axis,  subterranean  or  appearing 
just  at  the  surface  of  the  soil,  bursting 
the  woody  testa  into  two  halves  and 
spreading  horizontally,  or  often  one  be- 
comes suberect  while  the  other  is  de- 
flexed;  lamina  3-3-6  cm.  long,  1-8-2 
cm.  wide,  about  1-2  cm.  thick,  and 
becoming  deep  green  on  the  upper  sur- 
face when  exposed  to  light. 

Stem  erect,  stout  from  the  earliest 
stages,  and  soon  becoming  woody, 
densely  hairy  or  subvillous,  terete  or 
tapering  upwards;  1st  internode  5-6 
cm.  long  ;  2nd  very  much  shorter. 

Leaves  as  in  Chrysophyllum  but 
with  parallel  slender  veins,  showing 
most  prominently  on  the  under  surface, 
ultimately  coriaceous;  petioles  terete 
or  subterete,  densely  hairy. 

First  pair  opposite,  rather  small, 
unequal,  showing  that  they  are  not 
truly  opposite,  lanceolate-eUiptic,  acute, 
shghtly  undulated  at  the  margin  at  least  when  young. 
No.  3.  Alternate. 


Fig.  507. — Lucmna  sp.  Showing 
the  two  halves  of  the  testa 
attached  to  the  cotyledons. 
Half  nat.  size. 
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Sideroxylon  tomentosum,  Boxh. 

Hi/pocotyl  8-4  cm.  long,  2-5-3-5  mm.  thick,  terete,  woody, 
glabrous,  greyish-brown. 

Cotyledons  nearly  equal,  shortly  stalked,  about  8  cm.  long 
and  2  cm.  wide,  ovate,  rounded  at  the  base,  very  obtuse  at  the 
apex,  entire,  pinnatinerved,  coriaceous,  glabrous,  dark  dull  green 
above,  Hght  green  beneath,  very  persistent,  for  when  examined 
eighteen  months  after  germination  they  were  still,  in  perfect  con- 
dition. 

Ste7n  like  the  hypocotyl,  decreasing  in  thickness  and  increasing 
in  pubescence  towards  the  top  ;  internodes  5-15  mm.  long,  flexuose. 

Leaves  entire,  alternate,  subreticulate,  coriaceous,  tomentose 
when  young,  glabrous  when  old ;  petioles  short,  flattened  above. 

Nos.  1-12.  Elliptic  or  oblanceolate,  acuminate,  entire,  pinnati- 
nerved, coriaceous,  pubescent  when  young,  dark  green  ;  lamina 
4-6  cm.  long,  and  l',5-2  cm.  wide ;  petiole  short,  stout,  pubescent, 
often  reddish,  with  a  spine  in  its  axil. 

Ultimate  leaves  lanceolate-elliptic,  acute,  glabrous  and  shining 
on  both  surfaces,  deep  green  above,  lighter  beneath,  evergreen, 
alternately  penninerved  with  ascending  nerves.  Many  of  the 
branches  are  reduced  to  spines  one-half  to  three-quarters  or  one  inch 
long. 

Mimusops  Balata,  Gaertn. 

Hypocotyl  well  developed  and  woody  at  an  early  stage. 

Cotyledons  very  large,  foliaceous,  broadly  oblong-ovate,  obtuse, 
sessile,  obscurely  penninerved  with  slender  ascending  nerves,  coria- 
ceous, dark  green,  glabrous,  very  persistent. 

Stem  woody. 

Leaves  simple,  entire,  alternate,  exstipulate,  shortly  petiolate, 
obscurely  penninerved  with  slender  nerves,  coriaceous,  persistent. 

Nos.  1-4.  Inclusive,  obovate-lanceolate,  shortly  petiolate,  some- 
what acuminate. 

Butyrospermum  Parkii,  Kotschy, . 

Ovary  of  eight  to  ten  carpels,  eight-  to  ten-celled,  each  cell 
one-ovuled ;  ovules  fixed  by  their  ventral  aspect  to  the  axis,  amphi- 
tropous ;  micropyle  inferior. 

Fruit  ellipsoid,  baccate,  one-  or  few-seeded  by  abortion  ;  pericarp 
thin,  fleshy. 

Seed  ovoid  or  oblong-ovoid,  or  sometimes  almost  semiglobose 
when  it  is  flattened  on  the  ventral  aspect  by  pressure  or  con- 
tact with  other  seeds  or  parts  of  the  fruit ;  testa  brown,  smooth, 
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shining,  crustaceous,  and  brittle  ;  hilum  on  the  ventral  aspect,  very 
large,  oblong  or  elliptic,  narrowed  to  an  acute  point  at  the  lower  end, 
but  always  broader  and  rounded  at  the  upper  end,  and  nearly  or 
quite  equalling  the  length  of  the  seed  ;  raphe  ventral ;  radicle  and 
micropyle  inferior  ;  chalaza  subapical  on  the  ventral  aspect. 
Endospeo-m  absent. 

Embryo  straight,  large,  entirely  filling  the  interior  of  the  seed 
and  conforming  to  its  shape  when  mature,  or  loose  and  free  by 
shrinking;  cotyledons  very  thick,  fleshy,  plano-convex,  apphed 
to  each  other  face  to  face  and  (in  old  seeds  at  least)  inseparable, 
each  occupying  half  the  space  in  the  seed,  of  variable  outUne  like 
the  seed,  but  always  broadest  at  their  bases,  which  rest  on  the  lower 
end  of  the  seed ;  radicle  very  sUghtly  protruded  from  between  theur 
bases,  short,  stout. 

Seedling. 

Hypocotyl  undeveloped. 

Cotyledons  thick,  fleshy,  subterranean. 

Stem  erect,  woody,  hairy. 

Leaves  slightly  coriaceous,  persistent,  covered  with  rusty  hairs 
when  young. 

Nos.  1-3  or  4.  Alternate,  small,  scale-hke,  caducous,  hnear- 
subulate,  stipulate ;  stipules  more  persistent  than  the  leaves. 

Nos  4-6.  Much  larger,  foUaceous,  elliptic,  pennmerved  with 
.incurved  nerves,  glabrous,  with  short  hairy  petioles  channeUed 
above.    Stipules  very  hairy,  protecting  the  sides  of  the  bud. 


EBENACE.E. 

Benth.  et  Hook.  Gew.  PI.  ii.  662. 

Fnuit  and  Seed.-The  ovary  is  superior,  sessile  or  rarely 
stipitate,  consisting  of  two  to  eight  carpels  uniting  to  form 
as  many  cells,  or  twice  the  number  by  development  of 
spurious  and  perfect  or  imperfect  septa  The  ovu  es  are 
geminate  in  each,  or  twice  the  number  of  the  carpels ;  bu 
when  false  dissepiments  are  present  the  ovules  are  sohtaiy  m 
each  cell;  in  all  cases  they  are  inserted  upon  axile  placentas 
pendulous  and  anatropous.  ^he  Pericarp  is  coriace^^^^^^^^^^ 
fleshy  and  indehiscent,  rarely  dehiscent,  and  the  fiuit  often 
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few-celled  by  abortion  and  one-  or  few-seeded.  The  seeda 
are  pendulous,  more  or  less  compressed  and  oblong,  or  if 
solitary  globose,  two-  to  three-furrowed  on  the  back,  with 
a  membranous  or  coriaceous  testa.  Endosperm  is  copious, 
cartilaginous,  and  in  many  cases  ruminated.  The  embryo 
is  axile,  and  straight,  oblique  or  slightly  curved,  and  half 
the  length  of  the  endosperm  or  longer.  The  cotyledons  are 
fohaceous  and  much  wider  than  the  superior  cylindrical 
radicle. 

Seedlings. — The  cotyledons  of  Diospyros  Embryopteris 
(fig.  508)  are  lanceolate-oblong,  entire,  trinerved,  the  nerves 
giving  off  short  branches.  The  first  pair  of  leaves  are  oppo- 
site, obovate-oblong,  with  a  closely  anastomosing  venation. 
The  ultimate  leaves  are  lanceolate-oblong,  coriaceous,  entire, 
with  ascending  slightly  incurved  venation.  In  an  unnamed 
species  of  Diospyros  the  cotyledons  are  ovate,  trinerved  from 
a  little  above  the  base,  and  2-5  cm.  long  exclusive  of  the 
short  petiole.  The  first  twelve  internodes  of  the  stem  are 
short,  after  which  the  primary  axis  becomes  arrested  and 
branches  are  developed  horizontally  from  axillary  buds  a 
little  below  the  apex  which  bears  minute  scale-like  leaves. 
Previous  to  this  ten  ovate  leaves  are  produced  with  incurved 
venation. 

Diospjrros  Embryopteris,  Pers.  (fig.  508). 

Hypocotyl  erect,  subcompressed,  but  possibly  accidentally,  lon- 
gitudinally ridged  and  furrowed,  glabrous,  straw-coloured,  about 
4  cm.  above  the  soU. 

Cotyledons  lanceolate-oblong,  obtuse,  entire,  narrowed  somewhat 
to  the  base  and  sessUe,  glabrous,  three-  or  faintly  five-  to  seven- 
nerved  with  sHghtly  branching  nerves,  thin,  l*9-2"2  cm.  long,  6-7"5 
mm.  wide. 

Stem  erect,  subcompressed,  densely  covered  with  ascending  pale 
brown  hairs,  ultimately  woody  ;  1st  internode  9  mm.  long. 

Leaves  simple,  entire,  cauline,  opposite  in  the  seedling  stage, 
ultimately  alternate,  exstipulate,  petiolate,  alternately  and  ascend- 
ingly  penninerved,  much  reticulated,  glabrous  above,  cihate  at  the 
margin,  and  thinly  covered  beneath  with  adpressed  hairs,  coriaceous, 
evergreen ;  petioles  very  short,  semiterete,  flattened  and  shallowly 
grooved  or  channelled  above,  densely  hairy  in  the  seedling  but  less 
in  the  adult  plant  or  glabrescent . 
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First  pair  obovate-oblong,  obtuse,  narrowed  towards  the  base. 

Ultimate  leaves  lanceolate-oblong,  subacuminate,  obtuse,  shortly 
petiolate,  subundulate  at  the  margin,  coriaceous,  alternately  and 
sharply  ascendingly  penninerved,  very  reticulate,  glabrous  above, 
thinly  covered  with  adpressed  hairs  beneath  or  glabrescent,  shinmg 
on  both  surfaces,  deep  green  above,  Hghter  green  with  a  few  large 
glands  beneath. 

Diospyros  sp. 

Hijpocotyl  woody,  erect,  terete,  pubescent,  soon  becomuig  brown 
or  almost  black,  3-8  cm.  or  more  above  soil. 


Pig.  5QB.— Diospyros  Emiryopieris.   Nat.  size. 

Cotyledons  large,  fohaceous,  ovate,  obtuse,  trmerved,  shortly 
petiolate,  coriaceous,  thin,  pubescent  on  the  midrib  above,  otherwise 
glabrous,  deep  green  above,  much  paler  beneath ;  lamina  2-5  cm. 
long  1-6  cm.  wide ;  petiole  grooved  and  pubescent  above  with  a 
prominent  mibrib,  shallowly  convex  on  the  back,  2  mm.  long. 

Stem  woody,  erect,  terete,  densely  pubescent,  pale  g^^en  soon 
becoming  arrested  and  producing  long,  lateral,  horizontal  or  shghtly 
a  Lending,  flexuose  branches;  Istinternode  1-5  -g^^'^^ 
1  mm. ;  8rd  4-25  mm. ;  4th  to  7th  mclusive  8-5  mm.    8th  8  mrn 
9th  4  mm. ;  10th  1-5  mm. ;  11th  and  12th  undeveloped.  Heie 
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growth  becomes  arrested  in  this  specimen,  and  a  branch  is  produced 
in  the  axil  of  the  ninth  and  tenth  leaf  respectively. 

Leaves  alternate  and  scattered  on  the  stem,  alternate  and  dis- 
tichous on  the  branches,  alternately  penninerved  with  ascending 
nerves,  ciliate,  pubescent,  dull  green  above,  paler  beneath  ;  petioles 
very  short,  1-1-5  mm.  long,  flattened  or  slightly  grooved  above, 
densely  pubescent. 

Nos.  1-10.  Small,  ovate,  obtuse,  much  smaller  than  the  coty- 
ledons. 

Nos.  11  and  12.  Minute  and  scale-like. 

Lower  branch  leaves  small,  obtuse  ;  upper  ones  larger,  ovate - 
lanceolate,  obtuse. 


STYRACE^. 

Benth.  et  Hook.  Gen.  PI.  ii.  666. 

Fruit  and  Seed. — The  ovary  is  inferior,  or  half,  or  wholly 
superior,  consisting  of  two  to  five  carpels  cohering  to  form  an 
ovary  with  as  many  cells,  or  the  septa  may  become  torn  away 
from  the  axis  while  the  plants  are  yet  in  flower,  making  one 
cavity.  The  ovules  are  solitary  or  few  in  each  cell,  attached  to 
axile  placentas,  erect  or  pendulous  and  anatropous.  The  fruit 
is  often  baccate  or  drupaceous,  and  one-seeded  by  abortion, 
or  it  may  contain  from  two  to  four  seeds  in  one  cell.  In 
some  cases  the  pericarp  becomes  hardened  and  ultimately 
splits  open  by  three  valves  as  in  some  species  of  Styrax.  The 
testa  of  the  seed  is  membranous  or  coriaceous,  with  frequently 
a  broad  hilum.  Endosperm  is  more  or  less  copious  and  fleshy 
or  almost  horny.  The  embryo  is  axile  and  straight,  or  more 
or  less  curved  in  some  species  of  Symplocos,  nearly  equalling 
the  endosperm  in  length,  with  the  two  cotyledons  linear, 
plano-convex  or  together  forming  a  terete  body,  or  broad  and 
fiat  with  a  short  or  elongated  radicle. 

The  fruit  of  Halesia  hispida  is  inferior  and  dry  when 
mature,  one-  to  three-celled  and  one-  to  three- seeded  and 
indehiscent.  The  seeds  are  pendulous,  with  a  large  straight 
embryo,  with  oblong  cotyledons  rather  narrower  than  the  endo- 
sperm, plano-convex  and  somewhat  flattened.    The  radicle  is 
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terete  and  Blightly  longer,  but  narrower  than  the  cotyledons. 
In  Symplocos  paniculata  (fig.  509)  the  seed  is  reniform  and 
the  embryo  curved  in  conformity  with  it.    The  cotyledons  are 
linear  and  not  broader  than  the  radicle.    Only  ten  out  of  one 
hundred  and  sixty  species  have  the  seed  and  embryo  so  de- 
cidedly curved  as  in  this  instance.  The  fruit  of  Styrax  is  almost 
or  wholly  superior,  and  three-celled  with  a  few  seeds  in  each  cell, 
attached  near  the  base  of  the  axile  placentas.    It  is  sub- 
drupaceous  and  globose,  but  when  mature  may  readily  be 
split  into  three  valves.    It  becomes  one-celled  and  one-seeded, 
however,  at  an  early  stage  by  abortion.    The  seed  is  large, 
and  globose  with  a  thick  crustaceous  or  woody  testa.  The 
embryo  is  straight  and  nearly  equals  the  length  and  width  of 
the  endosperm.    The  cotyledons  are  broadly  ovate,  five-nerved 
and  reticulate,  somewhat  longer  than  the  terete  radicle  and 

several  times  wider.  ,  i  a  j.-u 

Seedlings.— -Fe^  of  these  have  been  observed,  but  the 
character  of  the  seedling  may  generally  be  surmised  from 
that  of  the  seeds.  Two  very  disfcmct  types  at  least  may  be 
noticed  The  embryo  is  terete  and  straight  or  curved  m  Sym- 
plocos and  the  endocarp  is  frequently  hgnified.  This  is  the 
case  in  S.  paniculata  (fig.  509),  and  the  germinatmg  embryo 
has  to  make  its  exit  through  a  smaU  round  hole  at  one  end  of 
the  endocarp.  The  cotyledons  are  shghtly  unequal  m  length, 
owing  to  their  bemg  strongly  curved  in  conformity  with  the 
seed  and  they  are  also  narrowly  linear,  owmg  to  its  narrow- 
ness' This  shape  is  also  necessary  in  order  to  permit  ot 
theii  escape  from  the  endocarp  and  seed  The  leaves  are 
alternate  and  the  first  two  are  elliptic  and  distantly  serrate 

The  cotyledons  of  Styrax  japonica  are  fohaceous,  broadly 
oblong-oval  or  elliptic,  and  trmerved  with  all  the  nerves 
branching  upwards  similar  to  those  of  the  leaves.    The  fiis 
three  leaves  are  ovate-lanceolate,  and  distantly  serrated  on 
the  margins. 

Symplocos  paniculata,  WaZL  (fig.  509). 

Primary  root  of  great  length,  with  a  few  rootlets  only  in  the 

''"^^Z^::^:^.  .labrou.  pale  green,  arched  at  the  top 
in  germination,  ultimately  2-2-7  cm.  long. 
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Cotyledons  unequal  in  length,  linear,  obtuse,  sessile  and  slightly 
connate  at  the  base,  glabrous  with  a  channelled  midrib  above,  and 
shghtly  convex  on  the  back  ;  the  longer  8-9-5  mm.  long  ;  the  shorter 
7-8  mm.  long ;  both  1-1'25  mm.  wide. 

The  endocarp  of  the  fruit  is  obovoid,  woody,  and  does  not  burst 
during  germination.  The  radicle  emerges  by  a  small  hole  at  the 
narrow  end,  the  hypocotyl  elongates,  becoming  curved  and  finally 
straightening,  carrying  up  with  it  the  endocarp  containing  the  seed. 
As  the  cotyledons  elongate  they  push  out  at  the  small  hole  in  the 
endocarp,  and  finally  get  free  and  spread  out  to  the  light. 

The  cotyledons  owe  their  shape  to  that  of  the  seed  which  is 


A 


Fig.  509. — Symplocos  paniculata.  A,  germinating  seedling  with  vertical 
section  of  endocarp  and  seed,  showing  mode  of  exit  of  embryo,  x  2.  B, 
seedling  (nat.  size). 


reniform  or  curved,  and  contains  a  large  quantity  of  fleshy  endo- 
sperm. If  a  seed  is  cut  open  during  germination  the  cotyledons 
are  found  to  be  luaear,  obtuse  and,  together  with  the  apex  of  the 
hypocotyl,  curved  like  the  head  of  a  shepherd's  staff.  Their  shape 
then  might  be  accounted  for  by  the  shape  of  the  seed,  the  quantity 
of  endosperm  originally  surrounding  them,  and  thirdly  by  the 
diflBculty  that  broad  cotyledons  would  experience  in  getting  out  of 
the  indehiscent  endocarp. 

Stem  erect,  terete,  hairy  with  upwardly  incurving  colourless 
hairs  ;  1st  internode  2-4  mm.  long  ;  2nd  much  shorter. 

Leaves  simple,  alternate,  exstipulate,  very  shortly  petiolate, 
penninerved  with  ascending,  incurved  nerves,  hairy  on  both  surfaces.' 
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Nos.  1  and  2.  Elliptic,  acute,  shallowly  and  distantly  serrate 
above  the  middle,  tapering  at  the  base,  decurrent  and  forming  a 
narrow  wing  to  the  short  petiole. 

Halesia  hispida,  Benth.  at  Hook. 

Pistil  syncarpous,  inferior  ;  ovary  of  three  carpels,  three-celled, 
many-ovuled  ;  ovules  seated  on  the  middle  of  the  placenta  with  the 
superior  ones  ascending,  and  the  lower  ones  pendulous,  anatropous ; 
micropyle  inferior  and  superior  accordingly. 

Fruit  subfleshy  when  young,  becoming  dry  when  mature, 
indehiscent,  crowned  with  the  persistent  calyx-teeth,  densely  covered 
with  stiff,  bristly,  spreading,  more  or  less  brittle  and  easUy  detached 
hairs,  one-  to  three-celled,  one-  to  three-seeded  by  abortion  ;  when 
reduced  to  one  or  two,  the  seeds  do  not  occupy  the  whole  interior 
of  the  fruit.  The  pendulous  anatropous  ovules  in  the  lower  part 
of  the  ovary  seem  to  be  most  often  fertiUsed  and  to  reach  maturity. 
Endocarp  hard  and  woody. 

Seed  oblong,  sHghtly  narrowed  at  either  end,  conformmg  to  the 
interior  of  one  cell,  and  often  somewhat  oblique  to  the  longitudinal 
axis  of  the  fruit ;  testa  comparatively  thin,  and  much  more  so  than 
the  endocarp  ;  hilum  and  micropyle  superior  and  contiguous  m  the 

pendulous  seeds. 

Endosperm  copious,  fleshy,  white. 

Er)ibryo  comparatively  large,  straight,  embedded  in  and  falhng 
a  little  short  of  the  endosperm,  colourless ;  cotyledons  oblong,  obtuse, 
entire  slightly  narrowed  towards  the  apex,  plano-convex,  and 
closely  apphed  face  to  face,  lying  in  the  broader  axis  of  the  seeds 
when  the  latter  are  in  any  way  compressed,  with  their  backs  to 
the  axis;  radicle  terete,  obtuse,  stout,  somewhat  longer  than 
the  cotyledons,  and  lying  with  its  point  close  to  the  base  of  the 
endosperm. 

Styrax  officinale,  L. 

Pistil  syncarpous,  almost  or  wholly  superior,  fixed  with  a  broad 
base  to  the  receptacle ;  ovary  of  three  carpels,  three-ceUed  with  each 
cell  five-ovuled ;  ovules  basal,  erect  from  the  inner  angles  of  the 
cells,  anatropous ;  micropyle  inferior. 

Fruit  globose,  splitting  when  mature  into  three  valves,  glabrous, 
fixed  with  a  broadish  base  to  the  receptacle,  and  surrounded  there 
bv  the  calyx,  one-celled  at  an  early  stage  by  the  rupturing  of  the 
septa,  one-seeded ;  epicarp  and  endocarp  subconaceous ;  mesocarp 

^''^Ld  subglobose,  slightly  depressed  and  a  little  broader  thau 
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deep,  basal,  erect,  marked  longitudinally  or  in  a  radiating  manner 
from  the  hilum  to  the  apex  by  three  shallow  furrows  and  three 
slender  intermediate  and  equidistant  ridges  ending  in  a  small 
elevated  point,  and  all  corresponding  to  their  counterparts  on  the 
inner  face  and  apex  of  the  pericarp  ;  testa  very  thick,  crustaceous  or 
almost  horny  or  bony,  pale  brown  and  shining ;  tegmen  thin,  pale, 
membranous ;  hilum  basal,  depressed,  pale-coloured,  rather  con- 
spicuous ;  raphe  and  chalaza  indiscernible  in  the  mature  seed. 

Endosperm  copious,  fleshy,  white  when  moist  and  becoming  pale 
yellow,  prominent  at  the  micropyle  and  pushed  a  little  way  into  the 
testa. 

Embryo  nearly  as  long  as  the  endosperm,  slightly  curved,  similar 
to  the  endosperm  in  colour ;  cotyledons  broadly  ovate,  obtuse, 
entire,  flat  or  nearly  so,  about  equalling  or  slightly  longer  than  the 
radicle  and  less  in  diameter,  lying  in  the  endosperm  with  their 
backs  to  the  placenta,  and  somewhat  transverse  or  obhquely  trans- 
verse to  the  latter  with  five  incurving  nerves  at  the  base,  anastomos- 
ing towards  the  margin  ;  radicle  cylindrical,  pointing  to  the  micro- 
pyle, contiguous  to  and  on  one  side  of  the  hilum,  its  tip  projecting 
into  the  projecting  part  of  the  endosperm,  piercing  the  testa  at  the 
micropyle. 

Styrax  japonicum,  Sieh.  et  Zucc. 

Hypocotyl  erect,  terete,  about  4  cm.  long,  with  a  few  minute 
hairs,  hght  green  or  colourless. 

Cotyledons  broadly  oblong-oval,  obtuse,  entire,  petiolate.  with 
short  flat  petioles,  glabrous,  dark  green,  distinctly  pinnatinerved  hke 
the  leaves. 

Stem  erect,  terete,  herbaceous,  ultimately  woody,  hispid ;  1st 
intemode  1  cm.  long  ;  2nd  about  5-6  mm. 

First  leaves  simple,  cauHne,  alternate,  exstipulate,  shortly  petio- 
late, lanceolate,  acuminate,  rather  serrated  on  the  edges,  obtuse, 
hispid,  distmctly  pinnatinerved. 


II. 


P 


210 


ON  SEEDLINGS 


OLEACE^. 

Benth.  ot  Hook.  Gen.  PI.  ii.  672. 

Fruit  and  Seed— lihe  ovary  is  superior,  of  two  carpels, 
syncarpous  and  two-celled.    The  ovules  are  usually  geminate 
in  each  cell,  rarely  soUtary  or  four  to  eight,  attached  to  the  base 
or  the  apex  of  the  dissepiment  and  amphitropous  or  more  often 
anatropous,  with  a  superior  micropyle  when  inserted  at  the  apex 
of  the  septa.    The  fruit  is  capsular,  dehiscing  locuHcidally  by 
two  valves,  or  baccate  or  drupaceous.  The  seeds  vary  from  two 
to  four,  but  are  usually  sohtary  by  abortion  in  each  cell,  and 
erect  or  pendulous.    The  testa  is  usually  membranous,  rarely 
slightly  thickened.     Endosperm  is  usuaUy  abundant,  and 
fleshy,  hardened  or  somewhat  horny,  or  oily  ;  rarely  is  it 
entirely  absent  as  m  Schrebera  or  in  some  species  of  Lmociera. 
The  embryo  is  straight  and  axile  with  flat  and  ovate  or 
oblong  cotyledons  when  endosperm  is  present,  and  thick  and 
fleshy  ones  when  the  latter  is  absent.   The  radicle  is  generaUy 
short  and  sometimes  surrounded  by  the  cotyledons,  rarely 
elongated,  and  superior  or  inferior  accordmg  to  the  insertion 
of  the  seed.    A  few  exceptions  to  the  above  characters  are  met 
with  in  some  species.    A  tricarpellary  ovary  sometimes  occurs 
in  Fontanesia  and  Nyctanthes.     Endosperm  is  wantmg  as 
above  mentioned  in  Schrebera,  and  the  cotyledons  are  plano- 
convex but  much  twisted.    The  radicle  is  mferior  and  con- 
siderably elongated  in  Myxopyrum.    The  seed  is  pendulous 
and  anatropous  in  Syringa  vulgaris,  and  solitary  by  abortion  m 
a  capsular  fruit.    The  embryo  nearly  equals  the  endosperm  m 
length  and  has  oblong  flat  cotyledons  about  twice  the  length 
of  the  radicle.     The  embryo  is  much  shorter,  and  m  fact 
scarcely  half  the  length  of  the  endosperm  in  the  matm-e  seed 
of  Fraxinus  excelsior  (fig.  511),  and  the  cotyledons  are  oblong 
or  oblong-lanceolate,  obtuse  or  entke  with  numerous  alternate, 
incurved  nerves  uniting  with  one  another  within  the  mar gm. 
This  latter  character  is  best  seen  in  the  embryo  (fig.  511)  which 
is  preparing  for  germination  and  has  ^^^'^^^If^f"''^^; 
The  latter  is  very  much  flattened  laterally  and  fills  the  caMt> 
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of  the  seed-vessel  which  develops  into  a  samaroid  fruit  with  a 
wing  at  the  apex  in  line  with  its  longitudinal  axis.  The  narrow 
septum  becomes  ruptured  from  the  walls  of  the  cells  during 
gi-owth  and  appears  like  a  greatly  elongated  funicle  in  the 
mature  fruit.  Three  out  of  four  ovules  become  atrophied  at 
an  early  age,  and  their  remains  may  be  seen  close  to  the  short 
true  funicle. 

The  characters  of  the  young  ovary  of  Ligustrum  japonicum 
are  very  similar  to  those  of  Eraxinus,  but  the  ovules  are 
inserted  a  Httle  below  the  apex  of  the  placenta. 

The  fruit,  however,  is  globose  and  drupaceous,  with  a 
globular  seed  conforming  to  the  interior  of  the  cavity.  The 
embryo  is  nearly  as  long  as  the  endosperm,  with  orbicular 
cotyledons  about  equalKng  the  sHghtly  curved  radicle. 

Seedlings.— The  shape  of  the  cotyledons  and  their  length 
have  direct  relation  to  the  seeds  from  whence  they  are  derived 
but  they  may  undergo  some  sHght  alteration  durmg  and  after 
germination.  They  are  enabled  to  increase  greatly  in  size  by 
feedmg  upon  the  endosperm  before  leaving  the  seed,  and  may 
also  profit  from  the  latter  by  storage  of  plastic  material.  At 
least  three  faurly  distinct  types  have  come  under  my  notice, 
namely,  ovate,  oblong,  and  oval  cotyledons. 

Those  of  Forsythia  suspensa  (fig.  510)  are  ovate  or  oblong- 
ovate,  emargmate  and  obscurely  penninerved.  The  first  pair 
of  leaves  are  ovate  and  serrate.  The  majority  of  the  adult 
leaves  are  ovate,  but  many  pmnately  trifoHolate  ones  occur 
on  the  same  plant  or  even  the  same  shoot  bearing  the 
more  typical  form.  They  are,  therefore,  rather  strikinglv 
dimorphic. 

The  second  type,  with  oblong  cotyledons,  is  met  with  in 
Fraxinus  excelsior  (fig.  512).  The  first  pair  of  leaves  are 
ovate  and  serrate,  but  the  second  pair  are  pinnately  trifoHolate 
while  succeeding  ones  gradually  acquire  a  greater  number  of 
^aflets  makhig  an  imparipinnate  leaf.  The  cotyledons  of 
F.  Sogdiana  are  broadly  oblong  and  penninerved  with  a 
branchmg  venation.  The  first  pair  of  leaves  are  like  those  of 
F.  excelsior,  but  the  second  pair  are  lanceolate-cuneate  and 
serrated  above  the  middle. 

The  cotyledons  of  Ligustrum  japonicum  represent  the  oval 
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type,  and  the  penninerved  venation  is  similar  to  that  of  the 
leaves  in  the  last  case.  The  first  pair  of  leaves  are  oblong- 
oval  and  obtuse  ;  but  the  ultimate  leaves  are  ovate  or  elliptic, 
more  pointed  and  coriaceous.  The  seedling  of  L.  robustum 
is  similar  in  all  important  points  to  that  of  L.  japonicum,  but 
the  cotyledons  are  perhaps  more  distinctly  emarginate.  The 
first  two  pairs  of  leaves  are  lanceolate-elliptic. 

Forsythia  suspensa,  Vahl  (fig.  510). 

Primary  root  a  perennial,  woody,  long  taproot,  with  long,  distant 
horizontal  fibres,  almost  smooth. 

Hypocotyl  firm,  1-5-2  cm.  long,  1  mm.  thick,  terete,  glabrous, 

brown. 

Cotyledons  with  swollen  buds  in  their  axils  equal,  1*5-2  cm. 
long,  6-9  mm.  wide,  emarginate,  oblong-ovate,  cuneate  at  the 

base,  concave,  obscurely  pitmatinerved, 
firm  but  not  very  thick,  glabrous,  dull 
yeUowish-green. 

Stem  erect,  terete,   glabrous,  ulti- 
mately woody,  rough  with  lenticels. 

Leaves  simple  or  compound,  serrate, 
cauline,  opposite,  exstipulate,  petiolate, 
with  alternate  or  sometimes  subopposite, 
ascending  nerves,  glabrous,  deep  green 
above,  paler  or  subglaucous  beneath; 
petioles  channelled  above,  semiterete, 
dilated  at  the  base,  and  articulated  with ' 
the  stem. 

The  first  and  second  pairs  are  broadly  j 
ovate,  obtuse,  serrate,  and  penninerved. 

Ultimate  leaves  very  variable  on  the 
same  branch,  and  simple  or  compound 
often  mixed  even  on  vigorous  branches  ; 
simple  ones  ovate  or  subcordate,  acute, 
or    in    some    instances  rotund-ovate, 
obtuse  ;  compound  ones  pinnately  tn- 
foholate ;  terminal  leaflet  ovate,  acute,  cuneate  at  the  base  ;  lateral 
leaflets  much  smaller,  elhptic,  acute,  unequal  at  the  base,  or  obovate 
and  obtuse  or  acute,  variable. 
Syringa  vulgaris,  L. 

Ovary  two-celled,  with  one  ovule  in  each  ceU ;  ovules  anatropous . 
micropyle  superior. 


Pig.  510. 

Forsythia  suspensa. 
Nat.  size. 
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Fniit  a  two-celled  capsule,  dehiscing  at  the  apex,  one  seed  in 
each  cell. 

Seeds  oblong,  smooth,  winged,  laterally  flattened,  8-10  mm,  long  ; 
Mlum  inconspicuous,  basal. 

Endosperm  copious,  fleshy,  white,  surrounding  the  embryo. 

Embryo  straight,  nearly  equal  in  length  to  the  endosperm, 
colourless ;  cotyledons  oval,  obtuse,  entire,  rather  narrow,  plano- 
convex ;  radicle  terete,  obtuse,  slightly  shorter  than  the  cotyledons, 
close  to  the  hilum  and  pointing  to  the  upper  end  of  the  seed. 

Fraxinus  excelsior,  L.  (fig.  511). 

Ovary  two-celled,  each  cell  two-ovuled  ;  ovules  pendulous  from 
the  top  of  the  cells,  anatropous  ;  micropyle  superior. 

Fridt  a  samara,  linear-oblong,  obtuse,  nearly  always  obliquely 
emarginate,  laterally  much  compressed  and  thin,  produced  at  the 
apex  into  a  thin  wing,  glabrous,  striated 
longitudinally  with  nerves,  one-celled  by 
the  ruptm'e  of  the  septum,  one-seeded 
by  abortion,  indehiscent ;  septum  in  the 
narrow  way  of  the  fruit,  soon  becoming 
ruptured  and  bearing  at  its  apex  three 
aborted  ovules  and  one  fertile  seed. 

Seed  oblong,  obtuse,  slightly  narrowed 
at  both  ends,  much  compressed  laterally, 
thin,  striated  or  shallowly  furrowed  lon- 
gitudinally, deep  brown,  conforming  in 
shape  to  the  interior  of  the  fruit,  sus- 
pended from  the  apex  of  the  septum  or 
placenta  by  a  curved  funicle  which  is 
persistent ;  raphe  dorsal,  passing  round 
the  dorsal  edge  to  the  chalaza  at  the 
apex  of  the  seed ;  micropyle  and  radicle 
superior. 

Endosperm  copious,  fleshy,  pale  or 
colourless,  and  subtransparent. 

Embryo  straight,  flat,  comparatively 
small,  embedded  in  the  endosperm  at  the 
upper  or  basal  end  of  the  seed ;  cotyledons  oblong,  obtuse,  entire, 
narrowed  somewhat  to  the  base,  flat,  closely  adpressed,  face  to  face  ; 
radicle  stout,  obtuse,  somewhat  shorter  than  the  cotyledons,  close 
to  the  micropyle  at  the  upper  end  of  the  seed,  but  within  the  endo- 
sperm. 


Fig.  611. — Fraxinus  excel- 
sior. A,  samara  with  half 
removed  and  the  seed  pulled 
out  (nat.  size):jpa,  placental 
axis  ;  ao,  aborted  ovules  ; 
/,  funicle;  ra,  raphe; 
ch,  chalaza.  B,  longitu- 
dinal section  of  seed,  x  2 : 
/,  funicle;  j>,  endosperm; 
e,  embryo  ;  ra,  raphe  ;  ch, . 
chalaza. 
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Seedling  (fig.  512). 

Primary  root  tapering  downwards,  with  numerous  flexuose, 
fibrous,  lateral  rootlets. 

Hypocotyl  erect,  terete,  glabrous,  soon  becoming  woody  and  grey, 
variable  in  length,  4-6  cm.  long  or  more. 

Cotyledons  oblong,  obtuse,  shortly  petioled,  entire,  alternately 
but  obscurely  penninerved,  with  a  distinct  midrib,  glabrous,  variable 
in  size ;  lamina  1-7-2  cm.  long,  6-9  mm.  wide. 

B 


Pig.  512.—Fraxinus  excelsior.   A.  Nat.  size.   B.  An  older  seedling  ; 
the  cotyledons  have  dropped.    Two-thirds  nat.  size. 

Stem  woody,  erect,  terete,  glabrous,  pale  green,  becoming  grey  ; 
Ist  internode  6-10  mm.  long ;  2nd  6-8  mm. 

Leaves  compound  (first  simple),  cauhne,  opposite,  exstipulate, 
petiolate,  minutely  cihate,  ultimately  glabrous  at  the  margin,  but 
in  the  leaves  of  the  adult  tree  woolly  at  the  junction  of  the  lateral 
veins  with  the  midrib  beneath  on  the  basal  quarter  of  the  leaflets, 
bright  green  and  shining  above,  pale  beneath  and  finely  reticulate  ; 
petioles  flattened  above,  dilated  and  thickened  at  the  base,  scarcely 
grooved. 
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First  pair  ovate,  acute,  serrate,  simple,  rarely  lobed  at  the  base. 

Second  pair  pinnately  trifoliolate  ;  leaflets  elliptic,  acute,  serrate 
above  the  middle,  articulated  with  the  rachis  ;  terminal  one  largest. 

Ultimate  leaves  imparipinnate,  with  three  to  five  or  more  pairs 
of  leaflets  and  a  terminal  one  ;  lowest  pair  of  leaflets  lanceolate ; 
terminal  one  lanceolate-elhptic  ;  the  rest  oblong  ;  all  acuminate,  with 
a  narrow  cartilaginous  margin,  rather  distantly  and  unequally  ser- 
rate, with  acute  serratures,  hooked  inwards  at  their  tips,  alternately 
penninerved,  sessile,  cuneate  at  the  base ;  rachis  narrowly  channelled 
above,  or  margined,  or  winged,  rounded  on  the  back,  much  thickened 
at  the  insertion  of  the  leaflets. 

Fraxinus  Sogdiana,  Bge. 

Hijijocotyl  erect,  terete,  glabrous,  1-2  em.  long,  brown. 

Cotyledons  very  similar  to  those  of  F.  excelsior. 

Stevi  erect,  quadrangular,  herbaceous,  ultimately  woody ;  1st 
internode  7-10  mm.  long  ;  2nd  about  the  same. 

First  leaves  simple,  opposite,  decussate,  ovate  or  almost  lanceo- 
late, acute,  coarsely  serrate,  glabrous,  green,  pinnatinerved  ;  petioles 
rather  short  and  broad,  channelled  on  the  upper  face. 

Olea  cuspidata.  Wall.  (fig.  513). 

HypoGOtyl  shrubby,  erect,  terete,  glabrous,  brownish,  1-2  cm. 
above  the  soil. 

Cotyledons  ovate,  obtuse,  en- 
tire, or  usually  slightly  obhquely 
emarginate,  penninerved,  coria- 
ceous, persistent,  deep  opaque 
green,  paler  beneath,  glabrous, 
shortly  petiolate  ;  lamina  1-85  cm. 
long,  7*5  mm.  wide;  petiole  chan- 
nelled above,  '5-1  mm.  long. 

Stem  shrubby,  erect,  terete, 
densely  and  shortly  pubescent, 
greyish  ;  1st  internode  8"5  mm. 
long  ;  2nd  5  mm. ;  3rd  7  mm. ;  4th 
9*25  mm. ;  5th  11  mm. 

Leaves  simple,  entire,  cauline, 

opposite,   decussate,  exstipulate,   

shortly  petiolate,  scaly  on  both  Pia.  5ls.—oiea  cuspidata. 

surfaces  when  young,  ultimately  Two-thirds  nat.  size, 

glabrous  or  nearly  so  except  the  shortly  ciliate  margin,  deep  green 
and  shining  above,  paler  beneath,  coriaceous,  linear-lanceolate, 
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acute  or  cuspidate,  usually  all  similar  in  seedling  stage,  at  any  rate 
up  to  the  sixth  pair. 

Olea  cuspidata  belongs  to  the  type  with  ovate  cotyledons,  which 
closely  resemble  those  of  Forsythia  suspensa.  They  are  remarkable 
although  by  no  means  unique  amongst  the  Phanerogamia  in  being 
broader  than  the  first  six  pairs  of  leaves.  Other  instances  of  this 
relation  of  the  cotyledons  to  the  primary  leaves  may  be  found 
amongst  the  Cactea3,  Asclepiadese  and  Proteaceae. 

Ligustrum  japonicum,  Thunh. 
Fruit  a  globose,  one-seeded  berry. 

Seed  obovate  or  globose,  conforming  in  shape  to  the  fruit, 
slightly  flattened  laterally,  3-4  mm.  in  diameter  ;  hilum  rather  con- 
spicuous ;  testa  brownish. 

Endosperm  copious,  surrounding  the  embryo,  greyish-white  or 
colourless. 

Embryo  straight,  embedded  in  the  endosperm,  colourless  ;  coty- 
ledons suborbicular  or  oblong,  obtuse,  entire,  closely  adpressed ; 
radicle,  terete,  obtuse,  situated  with  its  tip  near  the  hilum. 

Seedling. 

Hypocotyl  erect,  terete,  covered  with  very  minute  hairs,  hght 
green  or  almost  colourless,  2-3  cm.  long. 

Cotyledons  broadly  oblong,  obtuse,  entire  or  minutely  emargi- 
nate,  petiolate,  glabrous,  light  green,  pinnatinerved  like  the  leaves. 

Stem  erect,  terete,  covered  with  minute  hairs,  herbaceous,  ulti- 
mately woody  ;  1st  internode  6-10  mm.  long. 

First  leaves  simple,  entire,  caulme,  opposite,  shortly  petiolate, 
exstipulate,  oblong-oval,  subacute,  covered  with  minute  hairs,  Ught 
green,  pinnatinerved. 


APOCYNACEiE. 

Benth.  et  Hook.  Gen.  PI.  ii.  681. 

Fruit  and  Seed.— The  ovary  is  superior  and  free,  or  more 
rarely  half  immersed  in  the  receptacle,  consisting  of  two  carpels 
united  by  their  edges,  forming  one  cell  with  parietal  placentas, 
or  completely  uniting  to  form  axile  placentas,  while  m  a  third 
type  they  are  connate  by  their  bases  only  or  quite  separate, 
with  the  placentas  on  the  middle  of  the  ventral  suture.  The 
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Ovules  in  each  carpel  are  usually  geminate  or  few  and  arranged 
in  a  double  series,  or  indefinite  and  arranged  in  many  series, 
very  rarely  solitary.     They  are  frequently  inserted  by  the 
ventral  surface,  peltate  and  amphitropous,  or  almost  ana- 
tropous  and  pendulous,  very  seldom  erect  as  in  some  species 
of  Acokanthera  and  Vallesia.    The  fruit  may  consist  of  one 
undivided  piece,  and  be  indehiscent,  fleshy  or  rarely  dry  and 
hard  or  samaroid ;  in  many  other  cases  the  two  carpels  are 
merely  united  at  the  base  or  are  entirely  free,  and  the 
fruit  is  baccate,  drupaceous  and  indehiscent,  or  follicular  and 
dehiscing  by  the  ventral  suture,  liberating  the  linear  placentas. 
Karely  the  fruit  is  united  into  one  piece  or  the  carpels  dehisce 
by  two  valves.    The  seed  is  very  variable  in  outline,  and  is 
sometimes  peltate  and  sessile,  but  oftener  more  or  less  com- 
pressed with  the  ventral  face  flat  or  concave,  and  affixed  to 
the  placenta  by  the  middle  or  higher  uj)  by  a  filiform  funicle. 
The  testa  is  membranous  or  subcoriaceous  and  occasionally 
produced  into  a  wing,  or  develops  at  one  or  both  ends  into  a 
tuft  of  long  cottony  hairs.    The  endosperm  is  fleshy  or  almost 
cartilaginous,  but  is  often  restricted  to  a  thin  layer  and  some- 
times entirely  absent.    The  embryo  is  large,  straight,  and 
almost  equals  the  endosperm  in  length  as  well  as  width,  with 
foliaceous  and  flat,  concave,  rarely  convolute  or  twisted  coty- 
ledons.   The  radicle  is  terete  and  shorter,  rarely  longer  than 
the  cotyledons  and  superior,  very  rarely  pointing  to  the  base 
of  the  fruit.    There  are  several  exceptions  to  the  general  rule 
in  the  Order.    Undivided  and  dehiscent  fruits  occur  in  Chilo- 
carpus  and  Allamanda,  with  distinct  carpels  dehiscing  by  two 
valves  in  Aspidosperma.    Endosperm  is  wanting  in  Aspido- 
sperma,  Willughbeia,  Cerbera  and  allied  genera,  Leuconotis 
and  Carpodinus;  it  is  ruminated  in  Alyxia  and  in  several 
other  genera  of  the  tribe  Plumerise.    The  margins  of  the  coty- 
ledons are  infolded  in  Adenium,  folded  together  in  Holarrhena, 
convolute  in  Wrightia,  and  much  twisted  in  Kickxia.  The 
radicle  is  inferior  in  Vallesia  and  some  species  of  Eauwolfia. 
Acokanthera  Thunbergii  is  notable  for  its  baccate  two-celled 
fruit,  containing  a  large  peltate  seed  in  each  cavity.    The  coty- 
ledons of  the  embryo  are  foliaceous,  roundly  ovate  and  petiolate, 
about  equalling  the  radicle  and  petioles  in  length. 
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Seedlings.— kt  least  three  or  four  different  types  of  cotyle- 
dons may  be  observed  amongst  seedlings  of  this  Order,  and 
speaking  generally  they  may  be  described  as  large  and  folia- 
ceous,  a*  fact  to  be  accounted  for  by  the  large  and  flattened 
seeds 'and  the  great  size  of  the  embryo.    The  cotyledons 
of  Thevetia  neriifoha  are  suborbicular  and  compressed  while 
yet  in  the  seed,  but  they  had  dropped  before  the  seedling 
was  observed.     The  j&rst  ten  leaves  are  linear-lanceolate 
and  acuminate,  longer  and  no  doubt  narrower  than  the 
cotyledons.     A  type  with  oblong,  penninerved  and  reticu- 
late cotyledons  is  met  with  in  Echites  umbellata  (fig.  515). 
The  first  two  pairs  of  leaves  are  ovate,  larger  than  the  coty- 
ledons, but  have  a  very  similar  venation.     The  cotyledons 
of  Wrightia  tinctoria  are  also  oblong  with  a  penninerved 
venation  similar  to  that  of  the  leaves,  but  they  are  unequal, 
a  fact  probably  to  be  accounted  for  by  thek  bemg  convolute 
in  the  seed.    The  first  five  pairs  of  leaves  are  lanceolate, 
obtuse,  larger  and  broader  than  the  cotyledons.  Parameria 
glandulifera  represents  a  type  with  ovate  cotyledons.  The 
first  three  or  four  pairs  of  leaves  are  lanceolate-eUiptic, 
acuminate.    The  first  two  or  three  pairs  of  Mandevilla 
suaveolens  are  lanceolate  and  narrower  than  the  broadly 
ovate  cotyledons  which  have  a  similar  incm-ved  venation. 
The  ultimate  leaves  are  oblong-cordate  and  finely  acumi- 

The  fourth  type  to  be  noted  is  represented  by  Plumeria 
alba  (fig.  514)  which  has  oblong-cordate,  trmerved  cotyle- 
dons, the  basal  auricles  of  which  are  frequently  unequal.  Ifiey 
attain  this  shape  while  yet  in  the  seed.  The  first  pair  ot 
leaves  are  oblong-lanceolate  and  opposite,  foUowed  by  torn 
others  which  are  similar  but  larger,  and  alternate.  The  coty- 
ledons of  Tabern^montana  amygdahfolia  differ  h-orn  tliose 
of  the  last  in  being  broadly  triangular  and  subcordate  at  tlie 
base,  with  a  venation  simHar  to  that  of  the  leaves.  The  first 
two  pairs  of  the  latter  are  opposite,  and  broadly  lanceolate  oi 
ovate. 

Acokanthera  Thunbergii,  Benth.  et  Hook. 
Ovary  syncarpous,  superior,  two-celled,  each  cell  one-ovuled , 
ovule  ventrally  attached,  ampbitropous  ;  micropyle  superior. 
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Fruit  baccate,  ellipsoid,  glabrous,  black  when  mature  or  suffused 
witb  a  glaucous  bloom,  two-celled,  two-seeded. 

Seed  oval  in  outline,  concavo-convex,  peltate,  ventrally  attached 
to  the  middle  of  the  placenta,  pale,  subtransparent  and  whitish  ; 
testa  closely  adhering  to  the  endosperm  ;  radicle  superior  and  close 
to  the  micropyle ;  hilum  large,  oval,  occupying  the  greater  part  of 
the  concave  ventral  face. 

Endosperm  abundant,  pale  subtransparent  white,  fleshy  and 
tough  or  subcartUaginous  and  easily  cut,  occupying  the  greater  part 
of  the  seed. 

Embryo  straight,  thin,  falhng  a  Httle  short  of  the  length  of  the 
seed,  and  sHghtly  curved  or  concave  towards  its  inner  base,  and  con- 
forming to  its  dorsal  convexity  ;  cotyledons  thin,  closely  adpressed 
face  to  face,  rotund-ovate,  obtuse,  entire,  occupying  a  median  position 
in  the  seed,  a  httle  nearer  the  dorsal  than  the  ventral  aspect,  sur- 
rounded by  endosperm  ;  radicle  very  short,  but  the  radicle  and 
petioles  together  are  about  3-4-5  mm.  long,  and  nearly  or  quite 
equal  to  the  cotyledons  in  length. 

Thevetia  neriifolia,  Juss. 

Hypocotyl  2-3  cm.  long,  3  mm.  thick,  terete,  glabrous,  woody, 
colourless. 

Stem  woody,  glabrous,  hght  green  ;  1st  internode  5-6  cm. 
long,  2-2-5  mm.  thick;  2nd  1  cm.  long;  3rd  to  10th  much 
shorter. 

Leaves  simple,  entire,  cauline,  alternate  or  the  earher  ones 
nearly  or  quite  opposite,  exstipulate,  shortly  petiolate  or  subsessile, 
decussating  in  the  seedling  stage,  subcoriaceous,  glabrous,  bright 
green. 

Nos.  1  and  2.  Nearly  opposite,  subsessile,  3-5  cm.  long,  6'5 
mm.  wide,  linear-lanceolate,  acuminate,  with  a  distinct  articula- 
tion at  the  base,  entire,  penninerved,  straight  or  slightly  recurved 
at  the  apex,  channelled,  quite  glabrous,  bright  green,  somewhat 
leathery. 

Nos.  3-6.  Nearly  opposite,  linear-lanceolate,  acuminate;  the 
rest  alternate. 

Plumeria  alba,  L.  (fig.  514). 

Hypocotyl  woody,  erect,  terete,  fleshy,  glabrous,  pale  green, 
shming,  ultimately  becoming  grey,  about  2-8  cm.  above  the  soil. 
Juice  milky. 

Cotyledons  large,  fohaceoua,  broadly  oblong- cordate,  obtuse, 
shortly  petiolate,  with  the  basal  auricles  frequently  unequal ;  lamina 
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1-7  cm.  long,  1-05  cm.  wide;  petiole  about  1  mm.  long.  Juice 
milky. 

Stem  woody,  erect,  terete,  tapering  upwards,  glabrous,  pale 
green  becoming  grey,  fleshy,  smooth  or  frequently  warted,  especi- 
aUy  under  the  leaves ;  1st  internode  1-5  cm.  long;  2nd  1-3  cm. ;  3rd 

9  mm. ;  4th  1  cm.  Juice 
milky. 

Leaves  simple,  en- 
tire, cauhne,  alternate 
(1st  and  2nd  opposite), 
exstipulate,  petiolate, 
glabrous,  alternately 
penninerved,  deep  green 
above,  paler  beneath, 
shining  on  both  sur- 
faces;  petioles  convex 
on  the  back,  flattened 
above  or  shghtly  chan- 
nelled on  each  side 
of  a  prominent  mid- 
rib, glabrous;  midrib 
of  leaf  prominent  on 
both  sm-faces.  Juice 
milky. 

Nos.  1  and  2.  Op- 
posite, oblong-lanceo- 
late, obtuse,  minutely 

Fig.  5U.—  Plumeria  alba.    Half  nat.  size.  apiculate. 

No.  3.  Lanceolate,  acute,  tapering  to  both  ends. 
Nos.  4-6.  Narrowly  oblong,  acute,  tapermg  at  the  base. 

Tabernsemontana  amygdalifolia,  Jacq. 
Eypocotyl  erect,  striated,  scabrous,  5-6  cm  long,  green 
Cotyledons  broadly  triangular  or  subcordate   obtuse  entire 
somewhat  wavy,  petiolate,  glabrous,  green,  distinct  y  P"^-;^^^^;^^ 
as  are  the  leaves  ;  petioles  comparatively  short,  furrowed  on  the 

"''Sirerect,  striated,  scabrous,  herbaceous,  ultimately  woody; 
1st  internode  about  3  cm.  long  ;  2nd  about  5  mm 

First  leaves  simple,  entire,  cauline,  opposite,  ^^'^^^^'^'^^'^^ 
lanceolate  or  ovate,  almost  acuminate,  obtuse,  Pe  '^late  exstiputo 
glabrous,  green,  paler  beneath,  distinctly  pinnatmerved .  petioles 
comparatively  short,  channelled  on  the  upper  face. 
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Wrightia  tinctoria,  B.  Br. 

Hypocotyl  erect,  terete,  glabrous,  woody,  3-5-4:  cm.  long, 
brownish. 

Cotyledons  unequal,  membranous,  oblong,  obtuse,  entire,  petio- 
late,  glabrous,  green,  distinctly  pinnatinerved  like  the  leaves. 

Stem  erect,  terete,  herbaceous,  ultimately  woody  ;  l3t  internode 
3-5  cm.  long  ;  2nd  about  3  cm.  ;  3rd  rather  shorter. 

First  leaves  simple,  entire,  cauline,  opposite,  decussate,  oblong- 
lanceolate,  obtuse,  petiolate,  exstipulate,  glabrous,  green  with  a  sub- 
glaucous  hue  above,  pinnatinerved ;  petioles  short,  flat,  slightly 
furrowed  above. 

Parameria  glandulifera,  Benth. 

Hypocotyl  woody,  terete,  pubescent,  1*7  cm.  long,  2  mm.  thick, 
pale  ashy  grey. 

Cotyledons  shortly  petiolate,  ovate,  obtuse,  entire,  coriaceous, 
pale  green,  1-6-2-2  cm.  long. 

Stem  erect,  terete,  thickened  at  the  nodes,  2  mm.  thick,  and 
gradually  tapering  upwards,  shortly,  finely  and  densely  pubescent ; 
1st  internode 4-8  mm.  long ;  2nd  1-5  cm. ;  3rd  1-8  cm.  Indifferent 
specimens  these  lengths  are  variable. 

Leaves  simple,  entire,  cauline,  opposite,  decussate,  shortly  petio- 
late, subacuminate,  obtuse,  coriaceous,  penninerved,  pale  green, 
shining,  finely  pubescent  on  the  midrib  beneath  ;  petiole  3  mm.  long, 
flattened  above  and  convex  beneath,  finely  and  densely  pubescent, 
apparently  connate  at  the  base  and  surrounding  the  stem,  forming 
a  transverse  scar  with  small  black,  stipuliform  teeth  on  its  upper 
edge. 

First  pair  falling  early,  even  before  the  cotyledons. 
Second  to  fourth  pairs  lanceolate-elliptic,  acuminate,  obtuse, 
finely  penninerved. 

Echites  umbellata,  Jacq.  (fig.  515). 

Hypocotyl  erect,  terete,  slender,  finely  and  minutely  pubescent 
about  8-10  mm.  above  the  soil. 

Cotyledons  oblong,  obtuse,  entire,  shortly  petiolate,  glabrous, 
coriaceous,  alternately  and  ascendingly  penninerved,  with  the  nerves 
incurved  and  uniting  at  the  tip,  appearing  somewhat  reticulate,  deep 
green  above,  with  generally  pinkish  veins,  paler  beneath  and  often 
reddish,  horizontal  from  ascending  or  suberect  petioles ;  lamina 
9-5-10-5  mm.  long,  5-5-5  mm.  wide  ;  petiole  semiterete,  channelled 
above,  slightly  connate  at  the  base,  finely  and  minutely  pubescent 
like  the  stem,  dull  purplish,  about  1  mm.  long. 
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Stem  erect,  terete,  slender,  almost  filiform,  ultimately  woody  and 
twining,  finely  and  minutely  pubescent  when  young,  and  purplish ; 
1st  internode  4-4-5  mm.  long ;  2nd  1-45-1-6  cm. 

Leaves  simple,  entire,  cauline,  opposite,  decussate,  exstipulate, 

shortly  petiolate,  alternately  incurvi- 
nerved  and  more  or  less  reticulate, 
glabrous,  coriaceous  or  subcoriaceous, 
deep  green  above,  generally  rather  closely 
reticulated  with  red  or  pink,  paler  beneath 
and  more  or  less  suffused  with  pale  red  ; 
petioles  very  short,  semiterete,  shallowly 
channelled  above,  finely  and  minutely 
pubescent,  and  reddish  hke  the  stem. 

First  pair  ovate,  obtuse,  shghtly  cor- 
date at  the  base,  or  almost  rounded. 

Second  pair  ovate,  more  elongated 
and  somewhat  more  pointed. 


Fig.  515.- 


-Echites  umhellata. 
Nat.  size. 


Mandevilla  suaveolens,  Lindl. 
Primary  root  fleshy,  tapering,  flexu- 
ose,  colourless,  and  giving  off  lateral  rootlets  freely. 

Hypocotyl  erect  or  frequently  flexuose,  pale  green,  finely  and 
minutely  pubescent,  3-4-2  cm.  long. 

Cotyledons  fohaceous,  ovate,  obtuse,  alternately  pennmerved, 
reticulate,  bright  green  and  shining  above,  paler  and  shinmg  beneath, 
finely  pubescent  on  the  petiole  and  midrib  beneath  and  at  the  mar- 
gin, otherwise  glabrous ;  lamina  2-2  cm.  long,  1-2  cm.  wide  ;  petiole 
erect,  channelled  above,  5  mm.  long. 

Stem  erect  and  soft,  ultimately  twining  and  woody,  mmutely  and 
closely  pubescent,  pale  green  ;  1st  internode  1-8  cm.  long. 

Leaves  simple,  entire,  cauhne,  opposite,  exstipulate,  petiola  e, 
mmutely  and  finely  pubescent  on  the  petioles,  the  under  sides  of  he 
midrib  especiaUy  at  the  forkings  of  the  veins  and  at  the  base  of  the 
leaf  and  at  the  margins,  otherwise  glabrous,  alternately  pennmerved 
with  ascending  nerves  slightly  incurving  at  the  tip  reticulate ; 
petioles  semiterete,  shallowly  channelled  above,  ultimately  glabrous 
except  in  the  channel,  green  or  deeply  stained  with  crunson. 
First  pair  lanceolate,  acute. 
Second  and  probably  the  third  pairs  similar. 
Ultimate  leaves  oblong-cordate,  acuminate,  acute. 
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Benth.  et  Hook.  Gm.  PI.  ii.  728. 

Fndt  and  Seed. — The  ovary  is  superior  and  consists  of  two 
distinct  carpels,  with  their  placentas  on  the  ventral  suture. 
The  stigmas  are  however  confluent  into  one.    The  ovules 
are  numerous  in  each  carpel,  arranged  in  many  series  and 
imbricated,  the  uppermost  being  outermost,  pendulous,  ana- 
tropous,  from  a  slightly  prominent  placenta.   The  fruit  consists 
of  two  erect  or  widely  spreading  follicles,  or  one  of  them  may 
be  aborted,  sessile,  oblong,  ovoid,  or  elongated,  or  fusiform, 
smooth,  muricate,  or  many-winged,  dehiscing  by  the  ventral 
suture,  often  breaking  away  from  the  placentas.    The  seed  is 
ovate,  oval,  oblong  or  elliptic,  dorsally  much  compressed  and 
often  surrounded  with  a  thin  margui.    The  testa  is  mem- 
branous or  coriaceous  and  often  crowned  with  a  long  silky  tuft 
of  hairs  as  occurs  in  Apocynacete.    Endosperm  is  present 
usually  copious  and  cartilaginous.     The  embryo  is  straight 
and  axile,  nearly  equalling  the  endosperm  in  length  with 
broad  flat  cotyledons  and  a  short  superior  radicle.    An  ex- 
ception to  the  above  characters  occurs  in  Atherandra  where 
the  ovary  is  half  inferior.     The  terminal  pencil  of  hairs  is 
absent  from  the  seeds  of  Finlaysonia  and  Sarcolobus  (tropical 
Asia)  and  of  Gonolobus  stenopetalus  (Mexico).' 

The  embryo  of  Periploca  laevigata  nearly  equals  the  endo- 
sperm in  length  and  has  fohaceous,  broadly  oblong  cotyledons. 
Several  seeds  examined  contained  two  embryos.  The  seeds 
are  surmounted  by  a  coma  which  falls  early.  The  same  may 
be  said  of  Stephanotis  floribunda,  the  comose  tuft  of  haii-s  of 
which  is  long,  white  and  silky.  The  object  of  the  coma  is 
evidently  for  the  distribution  of  the  seed,  but  the  thin  and 
almost  winged  character  of  the  latter  renders  the  coma  of 
less  importance  than  it  otherwise  would  be.  The  fruit 
consists  of  two  very  large  fleshy  follicles  with  exceedingly 
numerous  seeds.    The  cotyledons  are  suborbicular. 

'  A.  Gray,  Proc.  Amcr.  Acad.  xxi.  398, 
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Seedlings— Ohlong  and  ovate  cotyledons  predominate  in 
this  Order,  but  oval  and  subrotund  ones  are  also  met  with. 
Those  of  Calotropis  gigantea  (fig.  518)  are  broadly  oblong, 
obtuse,  and  entire,  with  an  incurved  venation  similar  to  that 
of  the  first  pair  of  leaves  which  are  more  elliptic  in  outline. 
Asclepias  obtusifoha,  Tylophora  asthmatica,  and  Gymnolsema 
viride  agree  pretty  closely  with  this  type  in  having  oblong, 
obtuse  cotyledons  with  a  venation  resembUng  that  of  the 
primary  leaves ;  they  vary  somewhat  in  width,  but  are  always 
wider  than  the  first  pair  of  leaves.    The  first  pair  in  Tylo- 
phora asthmatica  are  oblong-lanceolate,  while  the  first  five 
pairs  of  Gymnol^ma  viride  are  narrowly  lanceolate  and  acute, 
or  even  acuminate.   The  cotyledons  of  Schubertia  grandiflora 
are  shortly  oblong,  obtuse,  and  of  the  same  width  as  the  ovate 
first  pair  of  leaves. 

A  sHghtly  different  type  of  seedling  is  met  with  in  Gompho- 
carpus  campanulatus  (fig.  517),  which  by  its  slender  stems  and 
long  internodes  shows  a  tendency  to  climb.    The  cotyledons 
are  oblong  with  an  incurved  venation  like  that  of  the  first 
three  pairs  of  leaves  which  are  ovate  or  subcordate  and  hau-y. 
The  cotyledons  of  a  species  of  Microloma  (fig.  516)  are  also 
oblong  with  incurved  nerves,  but  they  are  notable  for  the  great 
length  of  their  petioles.    The  latter  characteristic  is  due  to 
the  unusual  shortening  of  the  hypocotyl  and  probably  to  the 
nature  of  the  situation  in  which  the  plant  gi'ows,  neces- 
sitating the  lengthening  of  the  petioles  in  order  to  brmg  the 
lamina  up  to  the  hght.    The  two  first  pau-s  of  leaves  are 
small  and  scale-Hke,  while  the  succeeding  three  are  hneai- 
lanceolate  with  a  few  alternate,  ascending,  mdistmct  nerves 
on  each  side  of  the  more  evident  midrib. 

The  ovate  type  of  cotyledons  is  represented  by  Periploca 
Iffivigata  where  they  are  broader  than  the  primary  leaves 
with  a  similar  venation.  The  first  three  pau-s  of  leaves  are 
ovate-elliptic.  Some  succulent  types  of  seedUngs  have  o^;ute 
cotyledons  broader  and  larger  than  the  leaves  that  follow 
them.  Those  of  Sarcostemma  brevistigma  (fig.  oiy)  aie 
oblong-ovate  and  sessile.  The  first  two  pairs  of  leaves  aie 
ovate,  but  they  are  reduced  to  minute,  scale-like  organs 
This  plant  like  the  species  of  Stapelia  is  notable  for  the  stout 
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fleshy  character  of  the  hypocotyl  in  its  early  stages.  The 
seeds  of  Stapelia  bufonia  germinated  in  the  remarkably  short 
space  of  three  or  four  days.    The  cotyledons  are  small,  ovate, 
plano-convex,  and  after  germination  assume  an  ascending 
du-ection,  placed  obliquely  to  the  axis  or  slightly  twisted 
with  the  faces  of  the  two  turned  in  different  directions. 
Those  of  Stapeha  mutabilis  and  S.  variegata  (fig.  522)  are 
similar  and  behave  in  the  same  way.    The  primary  leaves 
of  S.  mutabihs  are  very  small,   conical,  acute,  opposite, 
decussate,  very  numerous  on  the  short  stem,  and  decurrent 
at  the  base,  forming  angles  on  the  stem.    The  hypocotyl  of 
S.  variegata  is  remarkably  large,  clavate,  fleshy,  and  com- 
pressed in  a  different  plane  from  that  of  the  cotyledons.  The 
leaves  are  more  shortly  conical  even  than  those  of  S.  muta- 
bihs, but  are  otherwise  similar.    The  internodes  of  the  young 
stem  are  slightly  more  elongated.    Seedlings  raised  from 
seeds  sent  from  Bangalore  under  the  name  of  Hoya  viridiflora 
(fig.  520)  had  broadly  oval  cotyledons  with  an  incurved  vena- 
tion, and  rather  more  numerous  veins  than  in  the  first  five 
pairs  of  leaves  which  are  elliptic.    Eoundly  oblong  and  emargi- 
nate  cotyledons  are  met  with  in  Stephanotis  longiflora.  The 
two  first  pairs  of  leaves  are  small  and  elHptic,  followed  by  three 
paii-s  that  differ  only  in  being  much  larger.    The  cotyledons 
of  a  species  of  Ceropegia  (fig.  521)  from  South  Africa  are 
roundly  triangular  and  truncate  at  the  base.    The  first  four 
pairs  of  leaves  vary  from  oblong  to  elhptic  and  are  wavy  at 
the  margin. 

Gymnolsema  viride,  Benth. 

Hypocotyl  erect,  terete,  glabrous,  1-1-7  cm.  long,  Hght  green. 

Cotyledons  oblong,  obtuse,  entire,  shortly  petiolate,  glabrous  dull 
green,  pmnatinerved  like  the  leaves  ;  the  nerves  are  raised  on  the 
upper  side,  giving  them  a  wrinkled  appearance. 

Stem  erect,  terete,  herbaceous,  green,  glabrous  ;  1st  internode 
8-13  mm.  long ;  2nd  and  3rd  1-2-1-8  cm. 

First  leaves  simple,  entire,  cauline,  opposite,  decussate,  shortly 
petiolate  hnear-lanceolate,  acute,  glabrous,  light  green,  pinnati- 
nerved,  clothed  with  short  silky  hairs  when  young. 

Periploca  laevigata.  Ait. 

Seed  triangular  or  plano-convex,  obovate,  considerably  laterally 
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flattened,  about  5-G  mm.  long ;  testa  membranous,  smooth,  brownish, 
slightly  winged  at  the  edges  and  thickened  near  the  hilum,  comose ; 
hilum  rather  conspicuous. 

Endosperm  surrounding  the  embryo,  whitish-grey,  and  rather 

copious. 

Embryo  straight,  embedded  in  the  endosperm,  yellowish-white  ; 
cotyledons  broadly  oblong,  obtuse,  entire,  sessile,  plano-convex, 
lying  face  to  face  in  the  broad  way  of  the  seed  with  their  edges 
to  the  axis;  radicle  considerably  shorter  than  the  cotyledons. 
In  two  out  of  three  seeds  there  were  two  embryos,  the  cotyledons 

lying  obliquely  in  the  broad  way  of  the 
seed. 

Seedling. 

Eypocotyl  erect,  terete,  covered  with 
minute  hairs,  1-2*5  cm.  long,  brownish- 
green. 

Cotyledons  ovate,  subacute,  enture, 
shortly  petiolate,  covered  with  minute 
hairs,  dark  green,  pinnatinerved  Hke  the 
leaves. 

Stem  erect,  terete,  herbaceous,  ulti- 
mately woody,  covered  with  minute  hairs ; 
1st  internode   1-1*5   cm.  long;  2nd 

1-1-2  cm. 

First  leaves  simple,  entire,  cauline, 
opposite,  decussate,  ovate-elliptic,  acute, 
shortly  petiolate,  exstipulate,  cihate, 
covered  with  minute  haks,  dark  green, 
pinnatinerved. 

Microloma  sp.  (fig.  516). 

Bvvocotyl  erect,  terete,  very  short,  almost  colourless. 
Cotyl<^dons  oblong,  obtuse,  with  long  petioles  glabrous  with  a  few 
alternate,  ascending  nerves,  two  of  the  larger  of  which  curve  round 
or  inwards  to  the  midrib  near  the  apex,  deep  green ;  lamma  9- 
10  mm.  long,  3-5-4  mm,  wide;  petiole  semiterete,  slender,  shgbtly 
rhannelled  above,  about  1-85  cm.  long.  ,  ■  ■  „ 

sL  erect,  terete,  pale  green,  pubescent,  ult  mately  twmu^ 
and  subshrubby;  1st  internode  5  mm.  long;  2nd  8-5  mm..  8.d 

Teavefl^vC^ni\v.  cauline  opposite,  exstipulate,  with  short 


Fig.  516. — Microloma^  sp. 
One-tliird  over  nat.  size. 
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petioles,  alternately  and  ascendingly  penninerved,  thinly  hairy  (at 
least  when  young) ;  petioles  very  short,  thinly  hairy,  semiterete, 
slightly  channelled  above. 

First  and  second  pairs  very  small,  almost  scale-like,  but  green, 
lanceolate,  obtuse. 

Third  and  fourth  pairs  much  larger,  but  still  narrower  than  the 
cotyledons,  linear-lanceolate,  acute,  with  a  few  alternate,  ascending 
nerves. 

Schubertia  grandiflora,  Mart,  et  Zucc. 

Hypocotyl  erect,  terete,  hoary,  about  2  cm.  long,  light  green  or 
colourless. 

Cotyledons  entire,  broadly  ovate  or  oval,  obtuse,  dark  green  above, 
subglaucous  beneath,  petiolate  with  petioles  1  cm.  long,  glabrous, 
but  the  petioles  shghtly  hoary,  1*5  cm.  long,  1-25  mm.  wide,  with 
a  prominent  midrib  from  which  ascend  numerous 
veinlets  ;  the  venation  is  the  same  as  in  the  primary 
leaves. 

Stem  herbaceous,  erect,  terete,  shghtly  pubes- 
cent, pale  green ;  1st  internode  1  cm.  long ;  2nd 
much  shorter. 

Leaves  entire,  cauline,  simple,  exstipulate,  petio- 
late, ovate,  acute,  dark  green  above,  hghter  beneath, 
glabrous  with  minute  hairs  on  the  edges  ;  midrib 
with  numerous  ascending  veinlets. 

Gomphocarpus  campanulatus,  Harv.  (fig.  517). 

Hypocotyl  erect,  terete,  glabrous,  pale  green 
(herbaceous  when  sketched),  3-8  mm.  above  the 
soil. 

Cotyledons  oblong,  obtuse,  petiolate,  glabrous, 
deep  green  above,  shining ;  lamina  11  mm.  long, 
6-5  mm.  wide;  petiole  glabrous,  grooved  above, 
convex  on  the  back,  6"5  mm.  long. 

Stem  herbaceous  at  least  in  the  early  stages, 
erect,  terete,  ultimately  twining,  hairy  with  patent 
hairs,  pale  green  or  suffused  with  pale  purple ;  1st 
and  2nd  internodes  each  5  cm.  long. 

Leaves  simple,  entire,  cauline,  opposite,  exstipulate,  petiolate, 
hairy  on  both  surfaces,  dull  green  above  and  dotted  with  the  swollen 
bases  of  the  hairs,  pale  green  and  shining  beneath ;  petioles  very 
short,  semiterete,  channelled  on  the  upper  side,  hairy. 

First  three  pairs  small,  ovate-subcordate,  obtuse. 

Q  2 


Fig.  517. 

Gomphocarpus 
CMnpanulatus. 
Half  nat.  size. 
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Calotropis  gigantea,  B.  Br.  (fig.  518). 

Primary  root  long,  flexuose,  somewhat  woody,  with  long,  un- 
branched  colourless  fibres. 

Hypocotyl  firm,  8  cm.  long,  1-2  mm.  thick,  terete,  glabrous 

and  whitish  near  the 
base,  slightly  tomen- 
tose,  and  bluish- 
brown  above. 

Cotyledons  shortly 
petiolate,  oblong,  pro- 
duced at  the  base 
and  forming  a  chan- 
nel on  the  petiole, 
rounded  at  the  apex, 
entire,  penninerved, 
glabrous,  dull  yellow- 
ish -  green  above, 
sHghtly  paler  and 
shining  beneath,  not 
very  thick ;  petiole 
semiterete,  channel- 
led above,  connate  at 
the  base. 

Stem  woody ;  1st 
intemode  about  6 
mm.  long,  slightly 
compressed,  green, 
tomentose. 

Leaves  simple, 
entire,  caulrne,  op- 
pdsite,  exstipulate, 
shortly  petiolate,  al- 
ternately incurvi- 
nerved,  tomentose, 
greyish  or  hoary, 
subcoriaceous. 

First  pair  elliptic, 

Fig.  Calotropis  gigantea.  Nat.  size  obtuse,  entire,  penni- 
nerved, subsessile,  2-2-5  cm.  long,  and  1-1-25  cm.  wide,  not  very 
thick,  slightly  tomentose,  dull  greyish-green,  slightly  paler  and 
shining  beneath. 
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Asclepias  obtusifolia,  Michx. 

Hypocotyl  erect,  terete,  glabrous,  2-5-4-5  cm.  long,  light  green 
tinged  with  red. 

Cotyledons  broadly  oblong,  obtuse,  entire,  petiolate,  glabrous, 
green,  pinnatinerved  as  m  the  leaves. 

Stem  erect,  terete,  herbaceous,  covered  with  minute  hairs  ;  1st 
intemode  1-1'2  cm.  long. 

First  leaves  simple,  entire,  cauhne,  opposite,  oblong,  obtuse, 
shortly  petiolate  or  subsessile,  exstipulate,  covered  with  roinute 
hairs,  hght  green,  pinnatinerved. 

Sarcostemma  brevistigma,  Wight  et  Arn.  (fig.  519). 

Hypocotyl  erect,  thickening  upwards,  glabrous  or  with  a 
few  scattered  hairs,  glaucous-green  and  dotted  all  over  with  very 
minutQ  colourless  markings,  2-2*5  cm. 
long. 

Cotyledo7is  oblong-ovate,  obtuse,  entire, 
subfleshy,  glabrous,  deep  shining  green 
above,  paler  beneath,  with  an  indistinct 
midrib,  sessile,  5-5*5  mm.  long,  2*6-2*75 
mm.  wide,  caducous. 

Stem  erect  in  the  seedling  stage,  terete, 
shghtly  downy,  glaucous-green,  dotted  with 
minute  colourless  markings,  ultimately 
shrubby,  scandent  or  procumbent ;  1st  in- 
ternode  1*3-2  cm.  long  ;  2nd  1*2-1*7  cm. 

Leaves  simple,  entire,  cauline,  opposite, 
decussate,  exstipulate,  sessile,  all  reduced  to 
ovate  or  subulate,  acuminate  scales  so 
small  as  to  give  the  stems  a  leafless  ap- 
pearance. 

Nos.  1  and  2.  Ovate,  minute,  with  an 
acute  or  acuminate,  slender  tip,  pale  green.    Fig,  m— Sarcostemma 

shghtly  downy  with  a  brown  tip.  brevistigma.    Nat.  size. 

Stephanotis  floribunda,  A.  Brongn. 

Fruit  very  thick,  fleshy,  oblong,  obtuse,  many-seeded,  consisting 
of  one  to  two  follicles. 

Seed  much  compressed  dorso-ventrally,  flat,  winged,  comose, 
oblong-obovate,  retuse  at  the  base  where  the  coma  is  attached,  this 
consists  of  exceedingly  numerous,  long,  white,  silky  hairs  ;  hilum 
mmute  on  the  base  of  the  ventral  aspect ;  raphe  ventral  and  passing 
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along  more  than  half  the  length  of  the  seed ;  micropyle  superior ; 
wing  narrow. 

Endosperm  copious  and  fleshy,  surrounding  the  embryo. 

Embryo  straight,  flat,  large,  colourless,  nearly  as  long  as  the 
endosperm ;  cotyledons  flat,  broadly  oval  or  suborbicular,  central, 
entire ;  radicle  cylindrical,  obtuse,  about  one-half  to  two-thirds  as 
long  as  cotyledons,  close  to  the  apex  of  the  endosperm,  pointing  to, 
but  some  little  distance  from  the  hilum. 

Stephanotis  longiflora,  ?  Eort. 

Bypocotyl  woody,  erect,  terete,  finely  pubescent,  pale  green, 
about  7-10  mm.  above  the  soil. 

Cotyledons  foHaceous,  rotund-oblong,  emarginate,  rigid,  cori- 
aceous, glabrous,  shortly  petiolate,  pale  green  and  shining  above, 
paler  beneath ;  lamina  1-1  cm.  long,  1  cm.  wide ;  petiole  shghtly 
grooved  above,  1  mm.  long. 

Stem  woody,  erect  in  the  seedling  stage,  terete  or  shghtly  flat- 
tened in  the  opposite  way  to  the  leaves,  finely  pubescent,  shining, 
green  or  subglaucous-green ;  1st  internode  4-5  mm.  long;  2nd 
4-25  mm. ;  3rd  1-5  cm. ;  4th  1-95  cm. ;  5th  3-65  cm. 

Leaves  simple,  entire,  cauline,  opposite,  decussate,  exstipulate, 
petiolate,  glabrous,  thick,  rigid  or  coriaceous,  alternately  and  ob- 
scurely penninerved,  even  and  shining  on  both  surfaces,  with  the 
midrib  shghtly  prominent  beneath,  and  a  pale  hyahne  or  pmk 
cartilaginous  margin  ;  petioles  short,  stout,  shghtly  gi-ooved  above, 
rounded  on  the  back  and  thickened  at  the  base. 

First  pair  elliptic,  obtuse. 

Second  pair  larger,  subacute. 

Third  pair  much  larger,  elhptic,  acute. 

Fourth  pair  small,  unequal  in  size,  acute. 

Fifth  pair  large,  elliptic,  acute. 

Hoya  viridiflora,  B.  Br.^  (fig.  520). 

Bypocotyl  erect,  terete,  glabrous,  pale  green,  6-12  mm.  above 

the  soil.  J  n    I  n 

Cotyledons  foliaceous,  broadly  oblong  or  oval,  rounded  at  the 
apex,  tapered  to  the  base,  petiolate,  alternately  and  ascendmgly 
penninerved  with  the  tips  only  incurved  and  umtmg  with  those 
next  above  them,  shortly  pubescent  on  the  midrib  above,  otherwise 
glabrous,  thin  and  membranous,  light  green  above,  and  marked 
with  pale-coloured  dots  ;  lamina  about  1-8  cm.  long,  1-2  cm.  wide  , 
petiole  grooved  above,  convex  on  the  back,  dilating  upwards,  6-5-/ 
mm.  long. 
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Stem  erect,  terete,  pubescent  with  curved  hairs,  pale  green, 
soon  becoming  almost  colourless,  ultimately  chmbing  ;  1st  internode 
3-5-8-8  cm.  long ;  2nd  2-2*4  cm. ; 
8rd  1-8-2-2  cm. 

Leaves  simple,  entire,  cauline, 
opposite,  decussate,  stipulate,  petio- 
late,  alternately  and  ascendingly 
incurvinerved  with  the  principal 
nerves  giving  off  numerous  anasto- 
mosing branches,  thin  and  subcoria- 
ceous  in  the  seedling  stage,  thinly 
pubescent  on  the  nerves  on  both 
surfaces  with  curved  hairs,  but 
denser  towards  and  on  the  margin, 
deep  green  above,  paler  beneath  ; 
petiole  semiterete,  channelled 
above,  pubescent  on  the  edges 
and  back  with  curved  hairs ;  stipules 
minute,  glandular,  subulate,  soon 
becoming  brown  and  scarious, 
deciduous. 

First  to  fifth  pairs  elliptic, 
obtuse,  the  upper  ones  shortly 
acuminate  and  more  elongated  or  tapered  to  each  end. 

Ceropegia  sp.  (fig.  521). 

HypoGotyl  succulent,  scarcely  1  cm. 
above  ground,  3-4  mm.  thick,  slightly  com- 
pressed, glabrous,  pale  green. 

Cotyledons  subsessile,  nearly  equal,  about 
1  cm.  long  and  wide,  and  1-2  mm. 
thick,  roundly  triangular  or  almost  orbicular, 
with  a  truncate  base  and  very  obtuse  apex, 
entire,  nearly  flat,  marginate,  obscurely 
nerved,  succulent,  glabrous,  glossy  green. 

Stem  succulent,  suberect,  terete,  half  as 
thick  as  the  hypocotyl  in  the  young  stage, 
minutely  verrucose,  dark  green. 

Leaves  simple,  entire,  cauline,  opposite, 
decussate,  exstipulate,  very  shortly  petiolate 
or  subsessile,  succulent,  glabrous,  with  a  midrib  but  an  otherwise 
indistinct  venation,  green  more  or  less  suffused  with  a  purplish  tint. 

First  pair  oblong,  cuneate  at  the  base,  obtuse,  glabrous  with  a» 


Pig.  520. — Hoya  viridifiora. 
Half  nat.  size. 


Fig.  521. — Ceropegia  sp. 
Half  iiat.  size. 
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sunk  midrib,  shortly  petiolate,  about  2  cm.  long,  and  1-5  cm.  wide, 
succulent,  purplish  on  both  surfaces. 

Second  pair  ovate,  acuminate,  with  short,  broad  petioles,  differ- 
ing also  from  the  first  in  the  undulated  margin  and  the  silvery 
nerves  and  veins. 

Third  and  subsequent  pairs  more  lanceolate-ovate  and  much 
larger ;  fourth  pair  about  8"5  cm.  long  and  1'5  cm.  wide. 

Stapelia  variegata,  L.  (fig.  522). 

Eypocotyl  erect,  clavate,  succulent,  compressed  the  opposite 
way  to  the  cotyledons,  glabrous,  pale  subglaucous-green,  1"7  cm. 
above  the  soil. 

Cotyledons  ovate,  obtuse,  twisted  obhquely 
and  each  facing  an  opposite  way,  ascending, 
coloured  like  the  petiole,  8"5  mm.  long,  2-5 
mm.  wide,  sessile,  persistent. 

Stem  succulent,  erect,  obtusely  quadrangular 
by  the  decurrent  bases  of  the  leaves,  glabrous, 
coloured  hke  the  hypocotyl ;  1st  internode 
6  mm.  long  ;  2nd  4  mm. ;  3rd  3'5  mm. 

Leaves  succulent,   simple,  entire,  smaU, 
cauline,  opposite,  decussate,  exstipulate,  ses- 
sile, coloured  like  the  stem,  shortly  conical. 
Fig.  522.  acute,  decurrent  at  the  base,  forming  angles  on 

Stapeha^  vanegata.  gf,Qjxi,  horizontal,  I'S-l'lS  mm.  long. 

stapelia  bufonia,  Jacq. 

Seeds  ovate  or  oval  in  outline,  surrounded  by  a  corky  rim, 
germinating  in  three  or  four  days. 

Primary  root  tapering,  abundantly  covered  with  root-hairs, 
colourless,  rather  stout. 

Hypocotyl  as  in  S.  variegata,  2-05  cm.  long,  3  mm.  wide  on 
the  flattened  faces,  and  2  mm.  on  the  narrow. 

Cotyledons  ovate,  obtuse,  sessile,  plano-convex,  and  applied  to 
each  other  obhquely  in  the  seed  by  their  flattened  faces,  which 
afterwards  remain  in  an  obhque  position,  each  facing  a  different 
direction,  3  mm.  long,  1-5  mm.  wide,  persistent. 

Stapelia  mutabilis,  Jacq. 

Hypocotyl  as  in  S.  variegata,  1-15  cm.  above  the  soil. 

Cotyledons  as  in  S.  bufonia,  horizontal  or  placed  obliquely,  each 
facing  a  different  way,  pale  subglaucous-green  faintly  mottled  with 
paler  markings,  2  mm.  long,  1-25  mm.  wide. 

Stem  as  in  S.  variegata,  •  pale  glaucous-green  mottled  with 
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minute  paler  markings  ;  1st  internode  4  mm.  long ;  2nd  to  8tli 
inclusive  each  about  2-2-5  mm. 

Leaves  as  in  S.  variegata,  but  longer  and  more  acute,  and  tipped 
with  a  cartilaginous  point ;  2-5  mm.  long. 


GENTIANE^. 

Benth.  et  Hook.  Gen.  PI.  ii.  799. 

Fmit  and  Seed. — The  ovary  is  superior,  syncarpous,  con- 
sisting of  two  carpels  generally  uniting  by  their  edges  so  as  to 
form  one  cell,  with  two  parietal  single  or  double  placentas 
which  are  slender  or  prominent  and  project  into  the  cavity  ; 
sometimes  the  margins  of  the  carpels  project  into  the  centre 
of  the  ovary,  forming  two  cells  with  axile  placentas,  as  in  the 
tribe  Exaceae.  The  ovules  are  generally  numerous  in  each 
cavity  or  on  each  placenta,  and  arranged  in  one  or  more  series> 
anatropous  or  amphitropous.  The  fruit  is  a  thin  or  hard, 
rarely  a  fleshy  capsule,  dehiscing  in  most  cases  by  two  valves 
at  the  sutures,  rarely  bursting  irregularly.  Sometimes  the 
whole  inner  surface  is  placentiferous.  The  seed  is  globose 
or  angled,  rarely  compressed.  The  testa  is  membranous  or 
crustaceous,  smooth  or  rugose,  and  sometimes  produced  mto 
a  marginal  wing  all  round,  or  at  the  base  and  apex  only. 
Endosperm  is  copious,  surrounding  a  small  and  short  em- 
bryo, the  radicle  of  which  is  superior  or  points  in  various 
directions  according  to  the  species. 

Seedlings. — The  most  common  form  of  the  cotyledons  in 
this  Order  is  ovate,  and  they  are  small  like  the  seeds.  In 
Exacum  bicolor  (fig.  523),  which  maybe  given  as  a  type, they 
are  roundly  ovate,  petiolate,  3  mm.  long  and  the  same  in 
width.  The  first  pair  of  leaves  is  lanceolate-elliptic  and  tri- 
nerved,  followed  by  two  other  pairs  which  are  very  much 
larger,  with  longer  lateral  nervas,  but  otherwise  similar.  The 
cotyledons  of  E.  macranthum  are  broadly  and  roundly  ovate, 
one-nerved,  3-5  mm.  long,  and  2-4  mm.  wide.  The  first  two 
pairs  of  leaves  are  broadly  ovate,  obtuse,  and  trinerved 
with  the  lateral  ones  incurved  and  joining  the  midrib  close  to 
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the  apex.  The  same  type  of  cotyledon  is  seen  in  Gentiana 
verna  (fig.  525),  but  the  lamina  is  cuneate  at  the  base  and 
tapers  into  the  petiole,  which  unites  with  its  fellow  and  forms  a 
little  cup  round  the  axis.  The  first  five  pairs  of  leaves  are 
precisely  like  the  cotyledons  except  in  being  slightly  larger. 
In  each  case  a  midrib  is  the  only  apparent  venation.  The 
cotyledons  of  Swertia  corymbosa  are  small,  triangular-ovate 
and  subtruncate  at  the  base.  Those  of  Erythrfea  pulchella 
are  oblong-ovate  and  very  small. 

The  seedling  of  Orphium  frutescens  (fig.  524)  is  remark- 
ably distinct  from  any  of  the  above.  The  cotyledons  are 
shortly  linear,  without  any  apparent  venation.  The  first  five 
pairs  of  leaves  are  linear-spathulate  and  one-nerved,  increasing 
in  size  from  the  first  onwards.  The  primary  internodes  of  the 
stem,  which  ultimately  becomes  shrubby,  are  elongated. 

Exacum  bieolor,  Boxh.  (fig.  523). 

Hypocotyl  erect,  terete,  glabrous,  pale  green,  1-3  mm.  above  the 
soil. 

Cotyledons  rotund-ovate,  obtuse,  petiolate,  glabrous ;  lamina 
3  mm.  long,  3  mm.  wide  at  the  base ;  petiole  channelled  above, 

1-5  nun.  long. 

Stem  herbaceous,  elon- 
gated when  about  to  flower, 
glabrous,  two  -  edged,  pale 
green ;  1st  iutemode  unde- 
veloped; 2nd  and  3rd  each 
about  1'5  mm.  long. 

Leaves    simple,  enthe, 
radical  and  cauhne,  opposite, 
exstipulate,    petiolate,  gla- 
PiG.  hw.—Exacwm  bieolor.  Nat.  size.      brous,  shining  on  both  sur- 
faces, deep  green  above,  paler 
beneath  ;  petioles  convex  on  the  back,  chaimelled  on  the  upper  side. 

First  pair  small,  lanceolate-eUiptic,  obtuse,  trmerved  at  the 
base,  tapering  into  the  petiole. 

Second  and  third  pairs  eUiptic,  obtuse,  trinerved,  tapermg  into 

the  petiole. 

Exacum  macranthum,  Am. 

Hypocotyl  colourless,  2-3  mm.  long,  with  a  sUght  ridge. 
Cotyledons  very  similar  to  those  of  E.  bieolor. 
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Stem  slightly  ribbed  ;  internodes  of  the  seedling  mostly  of  the 
same  length,  from  8-10  mm.  long. 

rrimary  leaves  cauline,  opposite,  decussate,  obtusely  ovate, 
shining,  green,  trinerved,  with  a  midrib  and  two  lateral  nerves 
parallel  to  the  edges,  and  meeting  at  the  apex. 

OrpMum  frutescens,  E.  Mey.  (fig.  524). 

Hypocotyl  erect,  terete,  glabrous,  pale  green,  4-11  mm.  long. 

Cotyledons  shortly  Hnear,  obtuse,  flattened  above,  convex  on  the 
back,  sessile  and  slightly  connate  at  the  base,  glabrous,  deep  green, 
shining  when  young,  5-6  mm.  long,  1-1*25  mm.  wide,  frequently 
carrying  up  the  seed  on  their 

tips  during  germmation.  a^t,  f\ 

Stem  erect,  terete,  light 
green  when  young,  thinly 
pubescent,  with  a  shallow 
fiuTOw  on  alternate  sides 
from  where  the  edges  of  the 
leaves  unite  at  their  bases 
and  seem  to  be  decurrent  on 
the  stem  down  to  the  next 
node,  ultimately  shrubby ; 
1st  internode  4-6*5  mm. 
long ;  2nd  5-10*5  mm. ;  3rd 
1*3-2  cm. 

Leaves  simple,  entire, 
cauhne,  opposite,  decussate, 
exstipulate,  sessile,  with  an 
evident  midrib  but  no  other 
discernible  venation,  fleshy, 
deep  shining  green  in  the 
young  state,  thinly  pubescent 
and  densely  marked  all  over 
with  minute  pale  grey  or 

colourless  dots,  tomentoso-pubescent  or  glabrous  in  the  adult  state, 
spreading,  often  curving  upwards  above  the  middle,  and  sometimes 
slightly  twisted. 

First  pair  Unear-spathulate,  suddenly  tapered  to  a  subacute  tip. 

Second  to  fifth  pairs  linear-spathulate,  gradually  longer,  more 
obtuse,  and  the  uppermost  more  decidedly  linear,  gradually  taper- 
ing to  a  subclasping  and  very  shortly  connate  base. 

Ultimate  leaves  linear  or  oblong,  thick  and  rather  fleshy. 


Fig.  524. — Orphium  frutescens.   Nat.  size. 
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Erythraea  pulchella,  Fr. 

Primary  root  short,  fibrous,  branched. 

Hypocotyl  erect,  terete,  glabrous,  short  and  tapering  indis- 
tinguishably  into  the  radicle. 

Cotyledons  oblong-ovate,  obtuse,  entire,  shortly  petiolate,  gla- 
brous, very  smaU,  l'5-2  mm.  long  including  the  petiole,  and  1- 
1"25  mm.  wide. 

Stem  herbaceous,  angled,  ridged  and  furrowed,  glabrous  ;  1st  and 
2nd  internodes  undeveloped ;  8rd  5-7  mm.  long. 

Leaves  simple,  entire,  radical  and  cauUne,  opposite-decussate, 
exstipulate,  sessile  or  the  first  pair  shortly  petiolate,  glabrous,  longi- 
tudinally nerved. 

First  pair  spathulate,  obtuse,  shortly  petiolate,  one-nerved. 

Second  pair  oblong-elUptic,  trinerved,  sessile. 

Third  pair  obovate-oblong,  trinerved,  sessile. 

Gentiana  verna,  L.  (fig.  525). 

Primary  root  slender,  fibrous,  perennial. 
Hypocotyl  erect  or  decumbent,  terete, 
fihform,  deep  purphsh-red,  glabrous,  6-9  mm. 
long. 

Cotyledons  ovate,  obtuse,  entire,  petio- 
late, showing  a  midrib  but  no  other  venation 
in  a  fresh  state,  glabrous,  deep  green,  some- 
what shining ;  lamina  l"75-2-25  mm.  long, 
l-6-l'75  mm.  wide ;  petiole  flattened  above, 
convex  on  the  back,  green  or  with  a  red 
midrib,  glabrous,  connate  at  the  base,  about 
1  mm.  long. 

Stem  herbaceous,  procumbent  or  creep- 
ing, and  with  ascending  flowering  shoots, 
terete,  glabrous,  pale  green  or  reddish ;  1st 
internode  2-4-5  mm.  long  ;  2nd  undeveloped 
or  from  -5-2  mm. 

Leaves  simple,  entire,  cauhne,  opposite, 
exstipulate,  petiolate,  glabrous,  deep  green 
above,  paler  beneath,   trinerved  at  least 
GenUanaTna,  x  8.     in  the  Seedling,  with  the  lateral  nerves  in- 
curved and  uniting  with  the  midrib  at  the 
apex  ;  petiole  convex  on  the  back,  channelled  above,  connate  and 
clasping  at  the  base. 

First  to  fifth  pairs  small,  ovate,  obtuse  or,  by  tapering  into  the 
broadish  petiole,  subelliptic. 


GENTIANE^ 


237 


Swertia  corymbosa,  Wight. 

Hypocotyl  scarcely  appearing  above  the  soil. 

Cotyledons  triangular-ovate,  obtuse,  entire,  subtruncate  at  the 
base,  petiolate,  glabrous,  green,  one-nerved ;  petioles  short,  flat, 
shallowly  channelled  above. 

Stem  erect,  square,  glabrous,  herbaceous  ;  1st  and  2nd  (sometimes 
3rd,  4th,  5th,  and  6th)  internodes  undeveloped,  later  ones  con- 
siderably elongated. 

Leaves  simple,  entire,  cauline  or  radical,  decussate,  exstipulate  ; 
radical  ones  on  rather  long  petioles,  the  cauUne,  sessile  ;  oval-oblong, 
obtuse,  glabrous,  green,  trinerved  ;  petioles  flat,  considerably  chan- 
nelled on  the  upper  face. 

First  and  second  pairs  ovate-elUptic. 

Third  to  fifth  pairs  broadly  oval. 


POLEMONIACE^. 

Benth.  et  Hook.  Gen.  PI.  ii.  820. 

Fruit  and  Seed. — The  ovary  is  superior  and  consists  of  three 
carpels  united  to  form  three  cells  with  axile  placentas  ;  but  a 
dimerous  ovary  occurs  in  some  species  of  CoUomia  and  other 
genera.  There  are  two  or  more  ovules  in  each  cell,  but  they 
are  rarely  numerous,  inserted  by  the  middle  on  axile  placentas 
and  amphitropous.  The  fruit  is  capsular  and  dehisces  loculi- 
cidally,  rarely  septicidally  as  in  Cobsea  scandens  and  other 
species  of  that  genus.  In  these  the  placentas  are  flat  and  of 
great  width  and  thickness ;  but  in  other  cases  the  valves  burst 
away  carrying  more  or  less  of  the  septa  and  placentas  on  their 
middle.  The  seeds  are  ovoid,  angled  or  dorsally  flattened. 
The  testa  is  sometimes  developed  into  a  wing  at  the  margin,  or 
in  other  cases  covered  with  mucilage  sometimes  growing  out 
into  spiral  tubes.  The  endosperm  is  copious  and  fleshy,  or  thick 
and  cartilaginous  or  reduced  to  a  very  thin  layer.  The  embryo 
is  straight  and  axile,  rarely  one  half  shorter  than  the  endosperm, 
with  flat  and  generally  rather  broad  cotyledons,  and  a  short 
inferior  radicle. 

The  three  cells  of  the  ovary  of  Collomia  coccinea  contain 
but  a  single  ovule  each,  although  other  species  have  numerous 
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ovules.  The  seeds  are  oblong,  solitary  and  erect  from  the  base  of 
the  inner  angle  of  each  cavity.  The  embryo  occupies  the  greater 
part  of  the  seed,  and  has  thick,  oval,  plano-convex  cotyledons 
and  a  well-developed  radicle.     Gilia  laciniata  is  somewhat 
similar,  but  the  seeds  are  very  much  smaller  and  the  embryo 
relatively  narrower  with  narrowly  oblong,  plano-convex  coty- 
ledons, considerably  longer  than  the  radicle.     The  ovules  of 
Polemonium  cseruleum  are  numerous,  pendulous,  and  ana- 
tropous.    The  seeds  are  oblong  and  rather  acutely  trigonous 
by  mutual  pressure.    The  embryo  almost  equals  the  seed  in 
length,  but  it  is  relatively  very  narrow,  with  linear-oblong 
cotyledons  about  the  same  length  as  the  radicle.    The  ovules 
of  Cobtea  scandens  are  very  numerous  and  arranged  in  a 
double  series  on  each  side  of  the  middle  line  of  the  placental 
axis  which  is  flattened  with  the  placentas  separated  from  one 
another  but  by  no  means  prominent.    The  seeds  (fig.  529)  are 
the  largest  and  most  distinct  of  the  Order  observed  ;  but  they 
are  exceptional  rather  than  characteristic  of  the  Polemoniaceae. 
The  fruit  is  a  very  large  oblong  capsule  of  three  to  four  carpels 
with  six  to  eight  single  placentas  formed  by  separation  of 
two  that  are  usually  united  into  one  in  other  Orders.  The 
seeds  are  large,  oval  or  elliptic,  much  compressed  dorsally, 
and  nearly  filled  by  a  large  embryo.    The  cotyledons  are 
ovate-cordate,  foUaceous  and  flat,  with  numerous  incm-ved 
veins  ;  and  the  terete  radicle  is  very  short. 

Seedlings. — The  cotyledons  in  this  Order  are  all  of  skuple 
types,  and  as  a  rule  moderate  in  size.    They  vary  from  ovate 
to  oval,  spathulate  and  linear.    In  Polemonium  cferuleum 
they  are  oblong-ovate.    The  first  leaf  is  pinnate  and  trifolio- 
late ;  the  second  and  third  five-foHolate.    The  cotyledons  of 
CoUomia  coccinea  (fig.  526)  are  broadly  ovate-oblong,  gener- 
ally minutely  emarginate,  with  numerous  alternate,  ascending, 
incurved  nerves,  uniting  in  a  submarginal  line.    The  fii'st 
pair  of  leaves  are  lanceolate-elliptic  and  entire ;  the  second 
similar  or  with  one  to  two  teeth  on  each  side.  Cobasa 
scandens  is  very  exceptional  in  the  Order.    The  seeds  are 
unusually  large  and  so  is  the  seedling.    The  cotyledons  are 
large,  fohaceous  and  ovate,  subacute  with  a  prominent  midrib 
and  primary  lateral  nerves.    The  first  pair  of  leaves  are 
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opposite  and  imparipinnate  with  three  pairs  and  an  odd  leaflet, 
all  of  which  are  oblong-lanceolate  and  penninerved.  The 
second  pair  of  leaves  are  opposite  or  slightly  alternate,  pari- 
pinnate  and  ending  in  a  compound  alternately  branching 
tendril.  They  have  each  three  pairs  of  leaflets.  The  fifth  and 
sixth  leaves  are  similar  but  alternate. 

The  seedling  of  Navarettia  involucrata  closely  resembles 
that  of  Polemonium  cseruleum,  but  the  cotyledons  are  more 
oval,  the  first  two  leaves  are  quinquefoholate,  and  the  hypo- 
cotyl  is  more  elongated. 

The  cotyledons  of  Gilia  crassifolia  (fig.  527)  are  spathulate 
with  rather  long  petioles,  dilated  and  connate  at  the  base. 
The  primary  internodes  being  undeveloped  a  large  number  of 
the  leaves  are  radical,  and  exhibit  a  considerable  amount  of 
evolution.  The  first  pair  are  pinnatisect  with  five  segments  ; 
the  second  pair  have  eleven  to  thirteen  segments,  and  from 
the  third  pair  onwards  many  of  the  primary  ones  are  again 
divided  at  the  base,  making  the  leaves  bipinnatisect.  In  Gilia 
lutea  (fig.  528)  belonging  to  the  subsection  Leptosiphon,  the 
cotyledons  are  also  spathulate  but  very  small.  The  leaves 
also  show  a  very  distinct  character  in  being  palmately  divided 
into  linear  segments,  and  being  opposite  they  present  a 
verticillate  appearance.  The  first  and  second  pairs  are  tri- 
partite ;  the  third  pan-  have  five  segments,  and  the  ultimate 
leaves  are  cut  into  seven  to  eleven  linear  diverging  rays. 

In  GiHa  squarrosa  we  have  a  seedhng  resembling  that  of 
G.  crassifoha  in  habit,  with  a  somewhat  similar  evolution  of 
the  leaves.  The  cotyledons  are  short  and  linear,  and  the  first 
pair  of  leaves  are  like  them  but  longer.  The  second  pair 
have  five  segments ;  the  third  pair  have  five  to  seven  segments  ; 
and  the  fourth  pair  are  somewhat  bipinnatisect  with  linear 
segments. 

Collomia  coccinea,  Lehm. 

Ovary  of  three  carpels,  surrounded  at  the  base  with  a  small 
annular  disk,  three-celled,  with  one  ovule  in  each  cell ;  ovule  basal 
from  the  inner  angle  of  bhe  cell,  erect,  anatropous  ;  micropyle  in- 
ferior. 

Fruit  an  obovoid-trigonous  or  trilobed  capsule,  glabrous,  pale 
green,  ultimately  pale,  colourless  or  dirty  white,  thin,  brittle  when 
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dry,  three-celled,  three-seeded,  dehiscing  loculicidally,  and  also 
separating  from  the  septa  in  three  pieces,  giving  them  the  appearance 
of  valves  bearing  the  septa  along  their  middle. 

Seeds  oblong,  slightly  compressed  on  the  ventral  aspect,  sohtary 
in  each  cell,  erect,  pale  green,  ultimately  brown  and  slightly  uneven ; 
raphe  ventral,  somewhat  shorter  than  the  seed ;  hilum  small,  basal 
or  slightly  above  the  base  on  the  ventral  aspect ;  radicle  at  the 
extreme  base,  forming  a  slight  prominence  ;  testa  consisting  of 
somewhat  pulpy  adhesive  matter  when  young,  firm,  brown  and 

fibrous  when  mature. 

Endosperm  scanty,  fleshy,  colour- 
less or  nearly  transparent. 

Embryo  always  straight  in  the  axis 
of  the  fleshy  endosperm,  comparatively 
large  and  occupying  the  greater  part 
of  the  interior  of  the  seed  and  nearly 
as  long,  deep  green,  pale  yellow  when 
mature;  cotyledons  closely  apphed 
face  to  face,  plano-convex,  oblong  or 
oval,  obtuse,  entire ;  radicle  well  de- 
veloped. 

Seedling  (fig.  526). 
Primary  root  long,  tapering,  with 
numerous  lateral,  flexuose  fibres. 

Hypocotyl  erect,  tapering  down- 
wards, pubescent,  white  beneath  the 
soil,  brown  above,  6-14  mm.  long. 

Cotyledons  oblong,  obtuse,  minutely 
emarginate,  very  slightly  wider  at  the 
base,  with  a  distinct  midrib  terminat- 
ing in  a  water-gland,  a  colourless, 
cuneate  mass  of  tissue  sunk  in  the 
apex  of  the  cotyledon  and  even  with  its  surface.  The  midiib  has 
many  lateral,  alternate,  ascending  nerves  incurving  towards  their 
tip  and  uniting  each  with  the  next  one  above  it,  giving  the  appear- 
ance of  two  intramarginal  nerves,  and  end  finally  hke  the  midnb 
just  beneath  the  water-gland.  Tertiary  nerves  are  given  off  along 
the  anterior  side  of  the  secondary  nerves  and  unite  with  the 
secondary  nerve  immediately  above  them.  All  this  forms  a  per- 
fectly continuous  framework  throughout  the  cotyledon,  and  m 
direct  communication  with  the  water-gland. 

Around  the  apex  of  the  leaf  are  numerous  water-pores,  seen 


Fig.  526. — Collomia  coccinea. 
Nat.  size. 
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from  the  upper  surface,  but  better  from  beneath.  A  few  are  found  a 
little  way  below  the  apex,  but  not  so  many  nor  so  conspicuous  as  in 
Galium  Aparine.  The  tissue  immediately  beneath  the  apex  con- 
sists of  polygonal  cells  with  numerous  small  chlorophyll  granules 
arranged  round  their  sides,  covered  with  wavy-outhned  epidermal 
cells.  The  epidermal  cells  on  the  rest  of  the  cotyledon  are  larger  and 
very  wavy,  while  the  chlorophyll  granules  immediately  beneath  are 
very  large  and  globose-ovoid,  glabrous,  deep  opaque  green  above, 
paler  beneath,  subfleshy  ;  lamuaa  8-10  mm.  long,  6-5-7'5  mm.  wide  ; 
petiole  channelled  above,  glandular-pubescent,  subperfoliate  at  the 
base,  4-5  mm.  long. 

Stem  annual,  branched,  elongated  when  about  to  flower  ;  primary 
internodes  undeveloped. 

Leaves  simple,  radical  and  cauline,  alternate  (lower  ones  oppo- 
site), exstipulate,  petiolate,  obscurely  and  alternately  incurvinerved 
with  the  nerves  uniting  close  to  the  margin,  glandular-pubescent  on 
both  sides,  deep  opaque 
green  above,  paler  be- 
neath ;    petioles  short, 
broad,  channelled  above, 
dilated  at  the  base  and 
subperfoliate  in  the  op- 
posite leaves. 

First  pair  lanceolate- 
elliptic,  entire,  mucro- 
nate,  obtuse. 

Second  pair  lanceo- 
late, subacute,  mucro- 
nate,  entire  or  having 
one  to  two  teeth  on  each 
side. 

Gilia  crassifolia, 
Be7ith.  (fig.  527). 

Primary  root  long, 
slender,  tapering,  with 
numerous  lateral  root- 
lets, annual. 

Hypacotyl  tapering 
downwards,  colourless, 
subterranean  and  merging  into  the  root. 

Cotyledons  spathulate,  petiolate,  glabrous ;  petiole  flattened 
above,  convex  beneath,  dilated  and  connate  at  the  base,  6  mm.  long ; 


Fig.  527 — Gilia  crassifolia.   Nat.  size. 
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lamina  oblong,  obtuse,  tapering  at  the  base,  subflesby,  6  mm.  long, 
3  mm.  wide. 

Stem  annual,  developed  when  about  to  flower. 

Leaves  simple,  radical  (and  ultimately  cauline),  opposite,  exsti- 
pulate,  petiolate,  glabrous  except  the  petiole,  deep  green,  subfleshy  ; 
petioles  channelled  above,  ciliate  on  the  upper  edges,  dilated  at  the 
base. 

First  pair  oblong,  pinnatisect  with  two  lateral  pairs  and  a  ter- 
minal segment,  all  oval  or  oblong. 

Second  pair  linear,  pinnatisect  with  numerous  oval  segments ; 
terminal  one  obovate. 

Third  pair  linear,  pinnatisect ;  segments  small  at  the  base, 
gradually  lengthening  towards  the  apex  where  they  are  oblanceolate ; 
larger  ones  each  with  a  segment  on  the  posterior  basal  side. 

Fourth  and  fifth  pairs  similar  to  the  last,  but  rather  longer  and 
more  equally  developed. 

Gilia  squarrosa,  Hooh.  et  Am. 

Primary  root  as  in  G.  crassifolia,  colourless  but  with  a  few  short 
lateral  rootlets. 

Hypocoiyl  as  in  G.  crassifolia. 

Cotyledons  short,  linear,  obtuse,  fleshy,  glabrous,  6  mm.  long. 
Stem  as  in  G.  crassifolia. 

Leaves  simple,  radical  (and  ultimately  cauline),  opposite,  exsti- 
pulate,  sessile,  glandular-hairy,  rather  densely  aggregated. 

First  pair  Unear,  obtuse,  fleshy,  similar  to  the  cotyledons  but 
longer  and  glandular-hairy. 

Second  pair  pinnatifid  with  two  pairs  of  shortly  linear,  lateral 
segments  above  the  middle. 

Third  pair  similar,  or  with  three  pairs  of  segments. 

Fourth  pair  linear-oblong  in  outhne,  with  numerous  alternate  or 
subopposite,  linear,  slender,  aristate  segments. 

Fifth  pair  more  or  less  pinnatisect  with  pinnatifid  segments  ;  the 
ultimate  segments  or  secondary  lobes  arise  from  the  basal  posterior 
side  of  the  primary  segments. 

Gilia  lutea,  Steucl.  (fig.  528). 

Primary  root  as  in  G.  crassifolia,  with  small  lateral  rootlets. 
Hypocotyl  as  in  G.  crassifolia. 

Cotyledons  small,  spathulate,  obtuse,  rather  fleshy,  5  mm.  long 
including  the  petiole,  glabrous. 

Stem  herbaceous,  annual,  erect,  terete,  slender,  apparently 
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branching  dicliotomously,  sparsely  and  minutely  pubescent  and  sca- 
brous, pale  green  sufl'used  with  red;  1st  internode  6  mm.  long;  2nd 
1  cm. ;  3rd  9  mm. 

Leaves  simple,  digitately  or 
radiately  tri-  to  multi-sect,  caul- 
ine,  opposite,  exstipulate,  ses- 
sile, deep  green,  subfleshy, 
minutely  ciliate  at  the  margin, 
otherwise  glabrous. 

First  pair  tripartite  with 
acute  segments ;  lateral  seg- 
ments hnear ;  terminal  one 
much  larger,  oblanceolate. 

Second   pair  similar,  but 
much  larger. 

Third  pair  five-sect ;  ter- 
minal segment  oblanceolate ; 
two  lateral  pairs  slender,  ob- 
lanceolate-linear. 

Ultimate  leaves  seven-  to 
eleven-rayed  ;  segments  linear  ; 
basal  ones  shortest  and  narrow- 
est ;  all  ending  in  a  common 
subcuneate  base. 

Polemonium  cseruleum,  L., 
var.  album. 

Primary  root  slender,  taper- 
ing, colourless,  giving  off  a  few        Fig.  528. — Gilia  lutea.  Nat.  size, 
lateral  rootlets. 

Eypocotyl  very  short,  tapering  into  the  root,  greenish-white. 

Cotyledons  petiolate  ;  lamina  oblong-ovate,  obtuse,  7  mm.  long, 
4  mm.  wide  ;  petiole  channelled  above,  6  mm.  long. 

Stem  ultimately  stout  and  short,  with  very  shortly  developed 
internodes. 

Leaves  compound,  imparipinnate,  radical  (and  ultimately  cauline), 
alternate,  exstipulate,  petiolate,  glabrous,  bright  green  above,  paler 
beneath ;  petioles  subterete,  channelled  above,  dilated  and  subclasp- 
ing  at  the  very  base. 

No.  1.  Pinnately  trifoliolate ;  leaflets  ovate ;  terminal  one 
largest. 

No.  2.  Pinnately  five-foliolate,  otherwise  like  the  first ;  pairs 
of  leaflets  frequently  unequal. 
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Navarettia  involucrata,  Ruiz  et  Pa/o. 

Hypocotyl  erect,  terete,  glabrous,  2-5-4  cm.  long,  light  green, 
colourless  or  stained  with  red. 

Cotyledons  oval,  obtuse,  entire,  with  very  long  petioles,  glabrous 
or  with  a  very  few  hairs  on  the  petioles,  green,  rather  distinctly 
pinnatinerved. 

Stem  erect,  terete,  herbaceous,  glabrous,  almost  colourless  or 
reddish  ;  1st  internode  3-6  mm.  long. 

First  leaves  compound,  pinnate  ;  petioles  long,  with  sometimes 
a  few  hairs,  exstipulate  ;  leaflets  ovate,  cuspidate,  acute,  sessile  or 
shortly  petiolate,  opposite,  glabrous  or  with  a  few  hairs,  light  green, 
one-nerved. 

Cobsea  scandens,  Gav.  (fig.  529). 

Ovary  of  three  to  four  carpels,  surrounded  at  the  base  by  a 
large-lobed  wavy  disk,  three-  to  four-celled,  many-ovuled ;  ovules 
attached  by  the  ventral  aspect,  ascending,  amphitropous,  arranged 
in  two  rows,  one  on  each  side  the  middle  line  of  the  placental  axis 
and  equidistant  between  that  and  the  margin  ;  micropyle  mferior. 
Capsule  large,  oblong,  sinooth,  deep  green  and  suffused  with  a 

glaucous  bloom,  ultimately  brownish- 
yellow,  three-  to  four-valved,  three-  to 
four-furrowed,  dehiscing  septicidally  at 
the  furrows ;  placental  axis  large,  form- 
ing a  triangular  or  sometimes  quadran- 
gular mass  occupying  the  greater  part 
of  the  interior. 

Seed  large,  much  compressed  dor- 
sally,  oval  or  subelliptic  in  outline  or 
somewhat  irregular,  generally  broader 
and  always  emarginate  at  the  lower  end, 
and  narrowed  to  an  obtuse  point  at  the 
upper  end,  winged,  brown,  overlapping 
one  another  from  the  base  upwards; 
radicle  at  the  basal  end ;  hilum  ventral 
below  the  middle  of  the  seed,  spathulate  in  outline ;  raphe  ventral, 
extending  from  the  hilum  to  the  inner  edge  of  the  wing  ;  testa  com- 
posed of  slender  fibrous  material,  mixed  with  pulpy  matter  when 
young. 

Endosperm  in  young  seed  soft,  dirty  white,  envelopmg  the  embryo 
entirely,  ultimately  fleshy  in  the  mature  seed. 

Emhryo  in  the  centre  of  the  endosperm,  straight  from  first  to 
last,  large  occupying  almost  the  entire  length  and  breadth  of  the 


Fig.  529. — Cohcpa  scandens. 

Longitudinal  section  of  seed  in 
plane  of  cotyledons  :  E,  en- 
dosperm ;  «,  notch  caused 
by  hilum  of  another  seed, 
x2. 
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interior  of  the  seed  ;  cotyledons  flat,  rotund-cordate  in  the  early  state, 
ultimately  ovate-cordate,  obtuse,  entire,  alternately  penninerved, 
colourless,  but  large,  green  and  foHaceous  after  germination  ;  radicle 
short,  cylindrical,  somewhat  pointed. 

Seedling. 

Primary  root  normal,  long,  tapering,  with  lateral  rootlets, 
Hijijocotyl  becoming  woody,  erect,  terete,  glabrous,  suffused  with 

purple,  8  cm.  long,  2  mm.  thick,  giving  oE  adventitious  roots  from 

its  base. 

Cotyledons  shortly  petiolate,  large,  ovate,  obtuse,  entire,  penni- 
nerved, convex  above  and  green  suffused  with  purple,  concave  beneath, 
with  prominent  midrib  and  primary  nerves,  6  cm.  long,  3'5  cm. 
wide ;  petiole  channelled  above,  4  mm.  long,  3  mm.  wide. 

Stem  erect,  terete,  and  having  two  decurrent  lines  on  each  side, 
running  down  from  the  base  of  the  petioles,  purpHsh,  sparsely 
pubescent  with  short  white  or  crystalline  hairs,  flesuose  at  the  nodes ; 
1st  internode  undeveloped ;  2nd  7"2  cm.  long,  1*6  mm.  thick  ;  3rd 
6  mm. ;  4th  3*5  mm.  or  longer.  Stem  ultimately  climbing  by  ten- 
drils consisting  of  modified  leaflets. 

Leaves  cauline,  lower  pair  opposite,  the  rest  alternate,  exstipulate, 
petiolate,  pinnately  compound. 

Nos.  1  and  2.  Opposite,  imparipinnate,  consisting  of  three  pairs 
of  leaflets  and  a  terminal  one  ;  leaflets  half  folded  up  face  to  face, 
oblong-lanceolate,  acute,  entire,  subrevolute  at  the  margins  and 
convex  above,  unequal  at  the  base,  petiolate,  with  a  prominent  sunk 
midrib  and  primary  lateral  nerves,  closely  reticulate,  sparsely  pub- 
escent on  the  upper  surface  ;  primary  midrib  channelled  above, 
sparsely  pubescent ;  petiolules  subterete,  tapering  upwards  from  a 
stout  base,  pubescent,  channelled  above,  1"6  cm.  long. 

Nos.  3  and  4.  Nearly  opposite,  sessile,  pinnate  and  terminating 
in  a  tendril  instead  of  a  leaflet,  otherwise  similar  to  Nos.  1  and  2  ; 
tendril  at  first  straight,  alternately  branched,  slightly  scabrous, 
purple,  tapering  towards  the  tip ;  branches  slender,  dichotomous, 
the  ultimate  branchlets  hooked  or  clawed. 

When  the  slender  tip  and  branchlets  have  grappled  or  coiled  round 
an  object,  an  impulse  is  communicated  to  the  lower  unbranched  part, 
causing  it  to  coil  up  spirally  and  draw  the  plant  to  the  supporting 
object. 
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HYDROPHYLLACEiE. 

Benth.  et  Hook.  Gen.  PI.  ii.  825. 

Fruit  and  Seed. — The  ovary  is  superior  and  syncarpous, 
consisting  of  two  carpels  united  by  their  edges  only,  forming 
a  one-celled  ovary  with  free  or  parietal  placentas,  or  the 
latter  are  protruded  into  the  centre,  and  touching  one  an- 
other form  two  spurious  cells,  or  the  septa  cohere  and  form 
two  distinct  cells  with  prominent  axile  placentas.  The  ovules 
vary  from  two  to  many  on  each  placenta  and  are  anatro- 
pous  or  amphitropous.  The  fruit  is  capsular,  dehiscing  along 
the  middle  of  each  carpellary  leaf  with  the  valves  bearing 
the  placentas  along  their  faces,  or  the  placentas  are  erect 
and  parallel  with  the  valves.  It  more  rarely  happens  that 
the  fruit  dehisces  at  the  septa,  or  irregularly  and  separating 
from  the  axile  placentas.  The  seeds  vary  in  number  from 
two  to  several,  and  are  oblong,  globose  or  angular.  The  testa 
is  tubercular  or  rugose,  smooth  in  one  genus,  Conanthus, 
with  only  one  species.  The  endosperm  is  usually  copious, 
fleshy  and  sometimes  ruminated,  surrounding  a  small  em- 
bryo. The  latter  is  straight  with  plano-convex  or  subterete 
-cotyledons ;  the  radicle  is  superior  or  points  in  various  du-ec- 
tions  in  different  species. 

The  seeds  of  Nemophila  parviflora  are  subglobose  and  • 
variously  angled  with  a  rugose  testa.  The  copious  endosperm 
is  rummated.  The  embryo  is  small  with  orbicular  cotyledons 
much  shorter  than  the  terete  radicle.  N.  maculata  has  much 
larger,  similarly  angled  seeds,  ruminated  endosperm,  and  a 
correspondingly  large  embryo  of  the  same  shape  as  that  of 
N.  parviflora.  The  seeds  of  Phacelia  tanacetifoHa  are  oblong, 
obtusely  trigonous,  and  rather  small.  The  embryo  is  rather 
elongated  and  slender,  with  linear  cotyledons  m  the  broader 
plane  of  the  seed  or  obhquely  to  it.  The  terete  radicle  is 
rather  elongated. 

Seedlings.— The  cotyledons  of  this  Order  are  all  of  simple 
types,  but  they  show  a  considerable  amount  of  variation  m 
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different  species  even  of  the  same  genus.  Orbicular,  obovate, 
oval,  ovate  and  linear  types  occur,  with  some  sHght  modifica- 
tions. 

A  number  of  species  of  Nemophila,  including  N.  maculata 
(fig.  530),  have  orbicular  or  suborbicular  cotyledons,  the 
petioles  of  which  are  dilated  and  more  or  less  connate. 
The  first  two  leaves  are  pinnatisect  with  three  segments,  the 
terminal  one  of  which  is  the  largest  and  more  or  less  deeply 
trifid.  The  following  four  or  more  leaves  have  five  segments, 
the  terminal  one  of  which  is  the  smallest.  N.  parviflora  agrees 
somewhat  with  the  above  type,  but  the  primary  leaves  are 
more  distinctly  in  pairs,  and  the  first  two  are  less  deeply 
divided.  The  seedhng  of  N.  phacehoides  is  chiefly  notable 
for  the  much  greater  size  of  all  its  parts.  The  cotyledons 
are  rather  strongly  pennmerved,  reticulate  and  hairy.  The 
first  two  leaves  are  pinnatisect  with  oblong  and  cuneate, 
sometimes  emarginate  segments.  The  segments  of  the  next 
two  leaves  are  more  or  less  deeply  toothed  or  lobed ;  and  all 
are  hairy  like  the  cotyledons. 

A  different  type  of  seedlmg  is  met  with  in  Nemophila 
insignis.  The  cotyledons  are  obovate-oblong,  emarginate,  tri- 
nerved  and  hairy.  The  first  four  leaves  are  pinnatifid  with 
rounded  segments.  The  cotyledons  of  Phacelia  bipinnatifida 
are  oval.  The  first  leaf  is  triangular,  subcordate  at  the  base, 
and  shallowly  lobed.  The  next  leaf  is  more  decidedly  charac- 
terised in  this  way,  and  has  sometimes  a  separate  segment  or 
two  cut  away  from  the  main  portion  of  the  lamina.  The  third 
leaf  is  more  oblong  and  more  deeply  divided. 

The  whole  seedling  of  Eomanzof&a  sitchensis  closely  re- 
sembles that  of  a  Kanunculus.  The  base  of  the  petioles  of 
the  cotyledons  and  leaves  is  dilated  and  sheathing.  The 
lamina  of  the  cotyledons  is  roundly-ovate  or  triangular,  tri- 
nerved  and  glabrous.  The  first  four  leaves  are  palmately 
five-nerved  and  lobed  with  rather  deep  auricles.  Wigandia 
Vigieri  (fig.  532)  is  notable  for  the  very  small  size  of  its  ovate 
or  rhomboid  cotyledons.  The  first  pair  of  leaves  are  ovate 
and  entire,  while  the  second  pair  are  serrate.  Succeeding 
leaves  are  much  larger,  oblong  with  a  cordate  base,  and 
ultimately  attain  a  great  size. 
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The  cotyledons  of  Pliacelia  tanacetifolia  (fig.  531)  are  linear, 
petiolate  and  one-nerved.  The  first  two  pairs  of  leaves  are 
opposite  and  twice  divided  with  ovate-oblong  primary  segments. 
The  secondary  divisions  are  entire  or  toothed.  The  first  three 
leaves  of  Phacelia  Wrangeliana  are  small  and  ovate. 

Nemophila  maculata,  Benth. 

Ovary  two-  to  twelve-ovuled  ;  ovules  pendulous,  anatropous. 
Fruit  a  one-seeded  capsule. 

Seed  variously  angled,  generally  almost  subrotund,  from  3-4  mm, 
in  diameter ;  testa  rugose,  dark  brownish ;  hilum  inconspicuous ; 
seed  slightly  flattened  laterally. 

Endosperm  light  brown,  fleshy,  copious,  ruminated. 
Embryo  straight,  embedded  in  the  endosperm,  colourless,  coty- 
ledons suborbicular  or  oblong,  obtuse,  entire,  sessile,  plano-convex, 
closely  adpressed  with  their  edges  to  the  axis  ;  radicle  terete,  obtuse, 

rather  longer  than  the  coty- 
ledons, which  he  in  the 
broader  way  of  the  seed. 

Seedling  (fig.  530). 

Primary  root  suddenly 
terminating  in  a  slender  point 
and  furnished  with  a  few 
lateral  fibres,  annual. 

Hypocotyl  tapering  down- 
wards, subflexuose,  terete, 
sparsely  pubescent,  mostly 
subterranean  and  colourless, 
brownish  at  the  top. 

Cotyledons  foliaceous, 
hairy ;  petiole  channelled 
above,  dilated  and  connate  at 
the  base,  1  cm.  long  ;  limb 
rotund,  concave  on  the  upper 
side,  about  8  mm.  in  diameter. 
Stem  annual,  internodes 
■Eio.^ZQ.-NemopnUa  maculata.         undeveloped  ha  the  young 

state. 

Leaves  simple,  pinnatisect,  radical  (and  ultimately  cauline  also), 
alternate,  exstipulate,  petiolate,  coarsely  hairy  on  all  parts,  deep 
green,  sublucid. 

No.  1.  Pinnatisect ;  terminal  segment  largest,  tridentate ; 
.lateral  segments  obovate. 
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No.  2.  Pinnatisect ;  terminal  segment  transversely  broader  than 
long,  trifid  with  rounded,  obtuse,  apiculate  lobes  ;  lateral  segments 
obovate. 

No.  3.  Pinnatisect;  basal  lobes  broadly  subrhomboid,  tri- 
dentate ;  middle  pair  of  lobes  irregular,  subobovate,  apiculate  ;  term- 
inal lobe  small,  obovate,  apiculate. 

Nos.  4  and  5.  Similar  to  the  last. 

No.  6.  Pinnatisect ;  basal  pair  of  segments  deeply  dentate,  ovate, 
■with  apiculate  teeth;  middle  pair  of  segments  tridentate  with 
apiculate  teeth;  terminal  segment  obovate  with  a  tooth  on  one 
side. 

More  segments  are  added  to  the  leaf  by  segmentation  of  the 
terminal  lobe  as  the  plant  gains  in  size  and  strength. 

Kemophila  insignis,  Benth. 

Hypocotyl  erect,  terete,  glabrous,  short,  from  5-8  mm.  long, 
almost  colourless. 

Cotyledons  obovate-oblong,  obtuse,  slightly  emarginate,  rather 
unequal,  petiolate,  hairy  on  the  upper  side,  glabrous  on  the  lower, 
green,  indistinctly  trinerved  ;  petioles  flat,  hairy. 

Stem  as  in  N.  maculata. 

First  leaves  pinnatifid,  radical,  opposite,  oblong,  obtuse,  ex- 
stipulate,  petiolate ;  lobes  obovate  or  subrotund,  entire  or  sHghtly 
lobed,  pubescent,  green,  pinnatinerved ;  petiole  flat,  pubescent,  very 
slightly  channelled  on  the  upper  side. 

NemopMla  phacelioides,  Nutt. 

Hypocotyl  short,  terete,  glabrous,  hardly  appearing  above  the 
soil. 

Cotyledons  large,  subrotund,  from  3-3-5  cm.  in  diameter,  with 
a  long  petiole,  obtuse,  entire,  sub-fleshy,  covered  with  minute  hairs 
on  the  upper  side,  glabrous  beneath,  hght  green,  distinctly  pinnati- 
nerved. 

Stem  as  in  N.  maculata. 

First  leaves  simple,  pinnatifid  or  pinnatisect,  petiolate,  exstipu- 
late,  radical,  alternate,  covered  with  bristly  hairs  above,  glabrous 
beneath  ;  lobes  alternate,  almost  petiolate,  obovate-oblong,  entire  or 
bi-  to  tri- lobed,  hght  green,  pinnatinerved. 

NemopMla  parviflora,  Benth. 
Ovary  and  fndt  as  in  N.  maculata. 

Seed  smaller  than  in  N.  maculata ;  testa  yellowish-red,  thin, 
becoming  almost  transparent  near  the  apex. 
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Endosperm  as  in  N.  maculata,  but  almost  colourless. 
Embryo  as  in  N.  maculata. 

Seedling. 

Primary  root  tapering  downwards  and  giving  off  strong  lateral 
rootlets,  annual. 

Hypocotyl  very  short,  erect,  terete,  slightly  hairy  or  scaberulous, 
4-6  mm.  long,  and  tapering  indistinguishably  into  the  radicle. 

Cotyledons  more  or  less  orbicular,  petiolate,  entire  and  tipped 
with  a  glandular  mucro,  or  appearing  sometimes  slightly  emarginate, 
rigid,  subfleshy,  usually  concave  owing  to  the  centre  growing  faster 
than  the  margins,  scabrido-pubescent  on  both  sides,  with  an  in- 
distinct midrib  but  no  other  venation,  deep  green  above,  paler 
beneath  or  violet ;  lamina  6'5-9  mm.  long,  5'5-8'5  mm.  -nide  ; 
petiole  semiterete,  flattened  above,  scabrido-pubescent,  horizontal, 
dilated  and  connate  at  the  base,  4-6  mm.  long. 

Stem  diffuse,  annual,  with  the  primary  intemodes  undeveloped. 

Leaves  simple,  radical  and  cauline,  alternate,  or  lower  opposite, 
exstipulate,  petiolate,  lobed,  pinnatifid  and  pinnatisect,  with  alter- 
nate ascending  nerves  running  into  each  of  the  principal  segments 
and  lobes,  scabrido-pubescent  all  over,  more  or  less  concave  or  in- 
curved at  the  margin  or  flat  when  young,  deep  green  above,  paler 
beneath  ;  petioles  semiterete,  flattened  above  or  shaUowly  grooved, 
dilated  at  the  base  and  amplexicaul. 

First  pair  pinnatifid,  with  one  obovate,  lateral  lobe  on  each  side, 
and  a  terminal  broadly  cuneate  trifid  one. 

Second  pair  pinnatifid,  with  a  pair  of  broadly  cuneate,  slightly 
dentate  lateral  lobes,  and  a  broadly  cuneate  or  transversely  rhom- 
boid, deeply  trifid  and  slightly  toothed  terminal  segment. 

Third  and  fourth  pairs  pinnatisect  at  the  base,  and  pinnatifid 
upwards,  with  the  segments  mostly  trifid. 

Phacelia  tanacetifolia,  Benth. 

Ovary  few-ovuled  ;  ovules  erect,  anatropous  ;  micropyle  inferior. 

Fruit  a  capsule,  two-celled,  two-  to  three-seeded. 

Seed  oblong,  1-1'5  mm.  long,  considerally  flattened  laterally ; 
testa  rugose,  membranous  ;  hilum  inconspicuous. 

EndosjJerm  copious,  fleshy,  almost  colourless. 

Embryo  straight,  embedded  in  the  endosperm,  either  at  or  very 
near  the  centre  of  the  seed  ;  cotyledons  linear,  obtuse,  entire,  almost 
flat,  closely  adpressed,  lying  either  in  the  broader  way  of  the  seed, 
or  obliquely  to  it ;  radicle  long,  terete,  obtuse,  narrow,  shorter  than 
the  cotyledons. 


HYDEOPHYLLACE^ 


251 


Seedling  (fig.  581). 

Primary  root  long,  tapering  downwards,  with  a  few  lateral 
rootlets,  annual. 

Hypocotyl  erect,  terete,  minutely  and  thinly  pubescent,  pale 
green  or  almost  colourless,  1-8-2-5  cm.  long. 

Cotyledons  linear,  obtuse,  petiolate,  minutely  pubescent,  with  a 
distinct  midrib  but  no  other  venation  visible  in  the  fresh  state  ; 
lamina  1"3-1"5  cm.  long,  3-3-5  mm.  wide,  narrowed  into  the  petiole; 
petiole  semiterete,  channelled  above,  pubescent  on  the  edges  above, 
or  nearly  glabrous,  7-9  mm. 
long. 

Stem  erect,  terete,  thinly 
glandular  -  pubescent  with  de- 
curved  hairs,  pale  green ;  1st 
internode  about  1*3  cm.  long ; 
2nd  about  2*3  cm. 

Leaves  simple,  pumatisect, 
cauline,  opposite  (at  least  in  the 
lower  part  of  the  plant),  exstipu- 
late,  petiolate,  pubescent  on  both 
surfaces  with  bulbous  -  rooted 
short  hairs  directed  towards  the 
apex  of  the  leaf  and  densely 
dotted  with  sessile  glands ; 
primary  nerves  opposite  or  alter- 
nate, ascending ;  secondary  nerves 
alternate,  ascending ;  petioles 
semiterete,  shallowly  channelled 
above,  pubescent  or  more  or  less 
glandular  -  pubescent,  tapering 
upwards  from  a  broadish,  semi- 
amplexicaul  base. 

Nos.  1  and  2.  Opposite,  oblong  in  outline,  pinnatisect,  pinnatifid  ; 
primary  segments  ovate-oblong,  obtuse,  shortly  stalked ;  secondary 
segments  short,  rotund-oblong,  obtuse,  entire. 

Nos.  3  and  4.  Opposite,  lanceolate  or  linear  in  outline,  pinnati- 
sect, pinnatifid  ;  primary  segments  oblong,  obtuse,  narrowed  to- 
wards the  base  and  shortly  stalked ;  secondary  segments  oblong, 
obtuse,  slightly  toothed. 

Phacelia  bipinnatifida,  Michx.  ? 
Primary  root  as  in  P.  tanacetifoHa. 

Hypocotyl  short,  obconical,  suddenly  tapering  into  the  root. 


Fig.  531. — Phacelia  tanacetifolia. 
Half  nat.  size. 
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Cotyledons  oval,  submucronate,  !•!  cm.  long,  8  mm.  wide, 
sparsely  hairy  on  the  nerves,  petiolate ;  petiole  channelled  above, 
dilated  and  connate  at  the  base,  1  cm.  long. 

Stem  ultimately  developed  when  about  to  flower,  annual. 

Leaves  radical  (and  ultimately  cauhne),  alternate,  exstipulate, 
petiolate,  coarsely  hairy  especially  when  young  and  on  the  petioles  ; 
petioles  channelled  above,  dilated  and  subamplexicaul  at  the  base. 

No.  1.  Triangular- subcordate,  coarsely  dentate  or  lobulate,  rather 
indistinctly  nerved  above,  more  prominently  beneath. 

No.  2.  More  elongated  and  pinnatifid  or  pinnatisect ;  terminal 
segment  very  large,  five-lobed ;  lateral  segments  one  or  two,  very 
small,  oval  or  elliptic. 

No.  3.  Pinnatisect  with  one  to  two  small  lateral  segments,  and 
a  large  terminal  sub-bipinnatifid  one. 

Ultimate  leaves  lyrate-pinnatisect,  pinnatifid ;  lateral  segments 
alternate,  very  irregular  in  size  and  division,  ovate  or  oblong, 
acutely  incise-serrate  or  pinnatifid,  frequently  exhibiting  small 
intermediate  segments  cut  away  from  the  posterior  basal  side ; 
terminal  segment  much  the  largest,  triangular,  trinerved,  lobed 
or  pinnatifid,  and  coarsely  incise-serrate,  often  with  small  oval,  or 
elliptic,  acute,  entire  segments  cut  away  from  its  base. 

Romanzoffia  sitchensis,  Cham.  ? 

Primary  root  tapering  downwards  and  giving  off  a  few  lateral 
rootlets,  soon  superseded  by  numerous,  strong  adventitious  roots 
from  the  base  of  the  cotyledons  and  leaves. 

Hypocotyl  undeveloped. 

Cotyledons  rotund-ovate,  obtuse,  entire,  petiolate,  trinerved, 
with  the  lateral  nerves  incurved  and  uniting  with  the  midrib  below 
the  apex,  minutely  glandular-pubescent  on  both  surfaces,  deep 
opaque  green  above,  paler  beneath,  tipped  with  a  gland ;  lamina 
8-4-25  mm.  long,  2-5-4-25  mm.  wide  ;  petiole  flattened  above, 
convex  on  the  back,  tapering  upwards  from  a  broad,  dilated  and 
slightly  connate  base,  minutely  glandular-pubescent,  reddish-purple, 
2*5-6  mm.  long. 

Stevi  herbaceous,  and  developed  only  when  about  to  flower, 
about  six  inches  long  ;  primary  internodes  undeveloped. 

Leaves  radical  and  cauline,  alternate,  exstipulate,  petiolate,  pal- 
mately  nerved  and  toothed  or  lobulate,  slightly  hairy  on  both  sur- 
faces with  pale-coloured  jointed  hairs,  deep  opaque  green  above, 
paler  beneath ;  petioles  semiterete,  slightly  flattened  above,  much 
dilated  and  clasping  at  the  base,  hairy  or  almost  villous  with  pale 
jointed  hairs,  especially  in  the  hollow  dilated  bases. 
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No.  1.  Cordate,  palmately  three-  to  five-nerved,  and  toothed  with 
glandular-mucronate,  obtuse  teeth. 

Nos.  2  and  3.  Reniform,  five-  or  sis-nerved  with  glandular-mucro- 
nate, obtuse  teeth. 

No.  4.  Eeniform,  palmately  seven-nerved  and  toothed  or  sub- 

lobulate. 

Wigandia  Vigieri,  Eort  (fig.  532). 

Primary  root  tender,  succulent,  flexuose,  frequently  giving  off 
rootlets  at  the  angles. 

Hijpocotyl  short,  tapering  downwards,  colourless  under  the  soil, 
red  above  it  and  hairy,  3-5  mm.  long. 

Cotyledons  very  small,  petiolate,  pubescent,  pale  green ;  lamina 
rhomboid,  acute,  2  mm.  long,  1-5  mm.  wide ; 
petiole  1-1-25  mm.  long. 

Stem  erect,  terete,  densely  and  coarsely 
hairy,  succulent  in  the  young  stage,  purple  ;  in- 
ternodes  very  variable,  bringing  the  early  leaves 
nearly  or  quite  opposite. 

Leaves  simple,  cauline,  alternate  (or  a  few 
of  the  seedling  leaves  opposite),  exstipulate, 
petiolate,  coarsely  hairy  on  both  sides,  deep 
green  above  with  a  purple  midrib  and  fre- 
quently splashed  with  purple,  paler  beneath  Wigandia  Vigieri. 
and  irregularly  splashed  with  purple,  alter-  ^  ' 

nately  penninerved  ;  petioles  subterete,  narrowly  channelled  above, 
tapering  upwards  from  a  stout  base. 

Nos.  1  and  2.  Small,  opposite,  ovate,  obtuse,  entire. 

Nos.  8  and  4.  Opposite,  ovate,  subacute  or  obtuse,  serrate. 

No.  5.  Alternate,  oblong,  acute,  cordate  at  the  base,  irregularly 
or  somewhat  doubly  dentate. 

No.  6.  Cordate-oblong,  obtuse,  doubly  dentate. 

No.  7  and  8.  Cordate,  elongate,  acute,  doubly  dentate. 


BORAGINE.E. 

Benth.  et  Hook.  Gen.  PI.  ii.  832. 

Fruit  and  Seed. — The  ovary  is  superior,  syncarpous,  and 
consists  of  two  carpels  each  of  which  is  two-ovuled.  Some- 
times it  is  entire,  or  again  more  or  less  deeply  four-lobed  and 
two-celled,  or  the  cells  may  be  divided  by  spurious  septa  or 
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strongly  involute  placentas,  thus  making  the  ovary  more  or 
less  distinctly  four-celled,  each  cell  with  a  single  ovule.  In  i 
other  cases  the  ovary  is  four-lobed  and  four-celled,  with 
the  central  part  entire  and  together  with  the  gynobasic 
style  persistent.  It  more  rarely  happens  that  the  lobes  are 
connate  in  pairs,  and  each  two-celled,  or  that  there  are  two 
lobes,  each  containing  one  ovule.  The  ovules  are  erect,  obhque 
or  horizontal,  and  inserted  at  the  base  or  towards  the  apex  of 
axile  placentas.  The  micropyle  is  superior  or  faces  the  axis. 
The  fruit  is  drupaceous,  and  two-  to  four-celled  with  a  woody 
endocarp,  or  breaks  up  into  two  to  four  pyrenes,  or  fewer 
by  abortion.  In  these  cases  the  exocarp  is  fleshy,  baccate  or 
thin.  There  are  many  familiar  instances  where  the  fruit 
breaks  up  into  four  nutlets,  or  fewer  by  abortion,  with  a  hard 
or  sometimes  fleshy  exocarp  or  shell,  one-seeded  and  in- 
dehiscent.  The  seed  like  the  ovule  is  erect  or  oblique,  rarely 
horizontal,  straight  or  incurved,  and  conforming  to  the  interior 
of  the  cells,  pyrene,  or  nutlet  as  the  case  may  be.  The  I 
testa  is  membranous.  Endosperm  is  copious  and  fleshy,  or 
scanty,  and  at  other  times  entirely  wanting.  The  embryo 
is  straight  or  curved  in  conformity  with  the  seed,  while  the 
cotyledons  vary  greatly,  being  flat,  plano-convex,  thick  and  j 
fleshy,  and  entire.  A  few  cases  occur  where  the  cotyledons  are 
bifid,  and  others  where  they  are  much  plaited.  The  radicle  is 
generally  short  and  superior,  or  facing  the  axis. 

The  cotyledons  are  plaited  in  the  tribe  Cordiese,  bipartite  | 
in  the  genus  Amsinckia,  and  the  radicle  is  subinferior  in  some 
members  of  the  subtribe  Cynoglossese. 

The  plaited  character  of  the  cotyledons  is  well  shown  by 
Cordia  subcordata  (fig.  534).  The  folds  are  longitudinal  and 
deep,  causing  the  cotyledons  to  be  toothed  or  notched  at  the 
apex.  The  fruit  is  undivided,  nut-hke  and  four-celled,  but  ^ 
three  out  of  the  four  cells  are  usually  empty  or  contain  aborted 
ovules  only.  The  endocarp  is  woody  or  bony,  elevated  on  its 
outer  surface  into  longitudinal  and  transverse  ridges,  and 
covered  by  a  fleshy  exocarp,  becoming  cortical  when  dry.  ' 
The  plaiting  of  the  cotyledons  in  the  nut  of  C.  subopposita 
is  less  deep  and  perhaps  more  irregular.  A  section  shows 
two  small  and  two  large  but  empty  cells,  while  a  fifth  con- 


BORAGINEiE 


255 


tains  a  perfect  embryo.  This  number  of  cells  is  however 
probably  quite  abnormal.  An  imperfect  fruit  of  C.  grancli- 
folia  (fig.  533)  shows  three  small  cells  towards  one  side  of 
the  endocarp,  while  there  is  a  larger  but  empty  one  in  the 
centre. 

The  most  familiar  examples  of  the  Boragineae  have  fruit 
which  breaks  up  into  four  one-seeded  nutlets  to  the  interior  of 
which  the  seeds  and  embryo  conform.  Endosperm  is  usually 
wanting  and  the  cotyledons  are  plano-convex  and  rather  fleshy. 
Borago  officinalis  is  an  example  of  this  type.  The  embryo  is 
straight  and  ovoid,  with  oval  plano-convex  cotyledons.  The 
nutlets  of  Cynoglossum  vulgare  are  larger,  covered  with  coarse, 
hooked  bristles,  obovoid  and  somewhat  compressed.  The 
cotyledons  are  broadly  obovate.  The  epicarp  of  Symphytum 
asperrimum  is  unequally  thickened,  one  side  having  a  thick 
wall,  but  it  is  quite  smooth.  The  cotyledons  are  oval  or 
oblong,  rounded  at  the  end  and  jslano-convex.  The  nutlets 
of  Myosotis  arvensis  are  ovoid,  smooth,  and  very  small.  The 
cotyledons  are  broadly  obovate  or  oval  and  otherwise  quite 
typical.  The  nutlets  of  Lithospermum  officinale  are  also 
ovoid  and  polished  as  in  Myosotis,  but  they  are  much 
larger.  The  walls  are  very  thick  and  bony,  and  the  seed  with 
the  embryo  conforms  closely  to  the  interior.  The  cotyledons 
are  broadly  oval  or  obovate  and  entire.  The  nutlets  of 
Echium  vulgare  are  ovoid,  subconical,  slightly  incurved  up- 
wards, keeled  on  the  dorsal  aspect  and  covered  all  over  with 
little  warts  or  protuberances.  The  hilum  of  the  seed  is  above 
the  middle  of  the  ventral  aspect.  The  seed  and  embryo 
are  slightly  incurved  in  conformity  with  the  nutlet.  The 
cotyledons  are  broadly  oblong  or  oval.  In  all  of  the  above  cases 
belonging  to  this  type  the  radicle  is  superior  and  very  short. 

A  third  type  is  met  with  in  Amsinckia,  the  cotyledons  of 
which  are  bipartite.  The  nutlets  of  A.  longifoha  are  ovoid, 
elongated,  somewhat  trigonous  and  rugose  or  warted  on  the 
surface.  The  cotyledons  have  oblong  lobes  so  arranged  as 
to  occupy  the  angles  of  the  seed  and  fruit.  The  angular 
character  of  the  nutlet  may  explain  the  necessity  for  fission 
of  the  cotyledons  which  would  otherwise  fit  awkwardly  into 
the  angles. 
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Seedlings. — There  are  at  least  five  or  six  different  types  of 
cotyledons  amongst  the  Boraginese.  One  of  the  most  remark- 
able is  that  represented  by  Cordia  latifolia  which  has  broad 
subrhomboid-cuneate,  somewhat  plaited,  five-nerved  coty- 
ledons. The  three  primary  nerves  are  much  branched  with 
the  branches  terminating  in  the  notches  between  the  crena- 
tures  of  the  apical  margin  of  the  lamina.  The  cronatm-es  are 
due  to  the  way  in  which  the  large  cotyledons  are  longitudinally 
folded  or  plaited  in  the  seed.  Other  instances  are  met  with 
in  which  the  midrib  ends  in  an  apical  sinus,  such  as  Brassica 
and  Convolvulus  as  well  as  all  or  most  cases  where  the  coty- 
ledons are  bifid  or  emarginate,  but  the  case  of  numerous  cre- 
natures  with  the  stronger  secondary  as  well  as  the  primary 
veins  ending  in  the  notches  is  probably  unique  as  far  as  the 
genus  Cordia  is  concerned.  The  hypocotyl  of  C.  latifolia  is  very 
short.  The  first  leaf  is  small,  oblong  and  entire,  while  the  two 
following  leaves  are  much  larger  and  thinly  serrated  above  the 
middle.  The  seedling  of  C.  subcofdata  (fig.  535)  is  altogether 
taller  and  more  robust  with  a  long  hypocotyl.  The  cotyledons 
are  transversely  oval,  longitudinally  plicate,  and  otherwise 
like  those  of  C.  latifolia.  The  first  leaf  is  ovate,  acuminate, 
and  the  second  cordate.  The  cotyledons  of  C.  decaudra 
are  obovate-elliptic,  plicate,  crenate  at  the  apical  margin, 
pubescent  and  penninerved.  An  exceptional  case  occm-s  in 
C.  ferruginea  which  has  broadly  obovate-cuneate,  trinerved, 
entire  cotyledons.  The  first  two  leaves  are  oblong-lanceolate 
and  subopposite. 

A  third  type  occurs  in  Lithospermum  officinale  (fig.  538) 
which  has  obovate  or  roundly-elliptic,  emarginate  cot^dedons ; 
hairy  on  the  upper  surface.  The  first  two  leaves  are  opposite 
but  unequal  in  size,  oblong- elliptic  and  entire.  The  cotyledons 
of  Echium  canescens  are  suborbicular  or  oblate  and  hairy, 
with  a  wide  shallow  apical  sinus. 

The  cotyledons  of  some  species  vary  between  obovate, 
oblong-obovate  and  spathulate.  Those  of  Anchusa  capensis 
are  broadly  obovate,  entire,  penninerved  and  hairy.  The 
first  leaf  is  lanceolate-oblong,  tapermg  to  the  base,  penni- 
nerved and  hairy.  Those  of  Echium  violaceum  differ  chiefly 
in  havmg  a  more  oval  lamina.    The  first  pair  of  leaves  are 
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oblong-oval  and  opposite.  The  seedling  of  Eritrichium  bar- 
bigerum  is  altogether  smaller,  with  spathulate  hairy  cotyledons 
showing  only  a  somewhat  obscure  midrib. 

Suborbicular  cotyledons  occur  in  a  number  of  species 
including  Tournefortia  ferruginea  (fig.  536).  They  are  sub- 
truncate  at  the  base,  trinerved,  finely  pubescent  with  rather 
slender  petioles.  Those  of  Omphaiodes  linifolia  are  smaller, 
glabrous,  glaucous  and  one -nerved.  In  the  case  of  Echium 
Decaisnei  they  are  small,  rotund,  and  concave.  The  leaves 
are  all  lanceolate  or  oblong-lanceolate,  finely  and  densely 
hairy  on  both  surfaces,  and  appear  to  vary  only  in  size 
from  the  seedhng  onward  to  the  adult  state. 

A  most  remarkable  type  is  met  with  amongst  the  species 
of  Amsinckia  in  which  the  cotyledons  are  bifid  or  bipartite. 
In  A.  intermedia  (fig.  537)  they  are  cut  down  to  the  petioles, 
with  spathulate,  hairy,  one-nerved,  entire,  somewhat  stalked 
and  divaricate  lobes.  Two  or  more  of  the  primary  leaves  are 
linear  and  hairy. 

Cordia  subopposita,  DC. 

Fruit  a  nut,  or  drupe  according  to  some  authors,  oblong-ellipsoid, 
tipped  with  the  remains  of  the  terminal  style,  glabrous,  dark- 
coloured,  four-  rarely  three-  or  five-celled,  or  by  abortion  reduced 
to  one  or  more  fertile  or  seed-bearing  cells,  while  the  others  are 
empty  ;  exocarp  in  the  dried  state  forming  a  layer  of  dry,  sottish, 
cellular  material ;  endocarp  bony,  ellipsoid,  subtetragonal,  taper- 
ing above  and  below  the  middle,  with  four  slightly  excavated  or 
sculptured  sides  above  the  middle,  slightly  notched  at  the  base  and 
shortly  bifid  at  the  apex,  pale  brown  or  straw-coloured. 

Seed  obovoid,  somewhat  compressed  laterally,  and  subconical  at 
the  tip ;  testa  thin,  membranous,  smooth,  white,  micropyle  at  the 
upper  and  pointed  end  of  the  seed  ;  hilum  lateral  and  attached  to 
the  inner  angle  of  the  cell. 

Endosperm  absent. 

Embryo  straight,  large,  filling  the  entire  cavity  of  the  seed, 
colourless  ;  cotyledons  very  broad,  rounded,  crenate,  much  plaited 
from  the  testa  towards  the  centre  of  the  seed  so  as  to  occupy  the 
whole  of  the  space,  tbick  and  subfleshy ;  radicle  short,  stout,  tur- 
binate, obtuse,  lying  in  the  conical  tip  of  the  seed,  and  pointing 
to  the  base  of  the  style. 


n. 


s 


258 


ON  SEEDLINGS 


Cordia  grandifolia,  DC.  (fig,  583), 

Fniit  a  drupe,  or  rather  a  nut  when  mature  and  dry,  four-celled 
but  usually  only  one  cell  contains  a  perfect  embryo,  wliich  is 
transverse  to  the  axis  and  oblong-subreniform,  closely  covered  with 
fine  adpressed  hairs,  lying  in  the  broad,  almost  flattened,  five-lobed 
calyx ;  pericarp  crustaceous  when  dry  or  subcoriaceous ;  endocarp 
bony,  except  at  the  receptacle  where  a  cavity  is  left  filled  with 
rather  soft,  cortical,  pale-coloured  tissue,  nearly  smooth  except  on 


A 


Fig.  533. — Cordia  grandifolia.  A,  fruit,  x  4  :  Ca,  calyx ;  ap,  apex  of  fruit. 
B,  endocarp  and  seed,  or  nut,  x  4  :  Alt,  attachment  to  receptacle ;  ap,  apex 
of  nut ;  ac,  ac,  aborted  cells  of  ovary.  C,  transverse  section  of  nut,  x  i  : 
ac,  ac,  ac,  aborted  cells  of  ovary ;  Ic,  large  cell  usually  containing  a  seed, 
but  here  empty. 


the  upper  side  which  is  raised  into  numerous  tooth-like  elevations, 
smooth  and  dilferently  coloured  on  the  ventral  aspect  near  the  top, 
denoting  the  presence  of  the  three  aborted  lobes  of  the  ovary.  A 
transverse  section  of  this  part  showed  one  large  and  three  small 
cavities,  the  latter  of  which  were  empty. 

Cordia  subcordata.  Lain,  (fig,  53i). 

Fruit  a  nut  (by  some  called  a  drupe)  enclosed  in  the  enlarged 
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calyx-tube,  four-celled,  four-seeded,  or  by  abortion  fewer,  indeliiscent, 
and  not  separating  into  nutlets  as  in  the  more  typical  Boraginefe  ; 
epicarp  forming  a  thick  cortical  pale  brown  stratum  ;  the  bony  endo- 
carp  with  longitudinal  and  a  few  more  or  less  acute  transverse 
rid°-es,  embedded  in  the  cortical  layer.  In  the  fruit  examined  one 
ceUhad  a  perfect  embryo  or  seed,  while  all  the  other  ovules  were 
aborted  and  the  cells 
very  small. 

Seed  conforming  to 
the  interior  of  the  cell 
which  it  fills,  ovoid- 
conical,  glabrous,  pale- 
coloured;  testa  very 
thin,  soft,  separable 
into  an  outer  cortical 
layer,  and  an  inner 
white  layer ;  micropyle 
superior  at  the  pointed 
end  of  the  seed,  and 
indicated  by  a  small 
dark-coloured  spot. 

Endosperm  absent. 

Embryo  large, 
straight,  occupying  the 
whole  interior  of  the 
seed ;  cotyledons  large,  much  phcate  longitudinally  and  crenate  at . 
the  margin,  folded  from  the  circumference  towards  the  centre  of  the 
seed,  and  from  thence  back  again,  and  this  is  continued  all  round 
the  interior  of  the  seed,  rather  thick,  fleshy,  and  colourless  ;  radicle 
very  short,  stout,  turbinate,  obtuse,  lying  externally  to  the  coty- 
ledons and  occupying  the  conical  tip  of  the  seed,  close  to  the  micro- 
pyle which  is  dark-coloured. 

Seedling  (fig.  535). 

Hypocotyl  suffruticose,  densely  covered  with  short  stiff  hairs, 
7  cm.  long. 

Cotyledons  petiolate,  soft  and  succulent,  becoming  coriaceous, 
transversely  oval,  roundish  or  oblong,  crenate,  pUcate,  subcordate  at 
the  base,  palmately  three-  to  five-nerved  with  numerous  strong 
lateral  veins  ascending  from  the  primary  ones,  pale  green  above 
and  covered  with  a  dense  adpressed  pubescence,  paler  beneath  and 
glabrous  except  on  the  nerves  ;  petiole  somewhat  flattened  above, 
convex  beneath,  densely  pubescent,  8-5  mm.  long. 

fl  2 


Fig.  5S4. — Cordia  subcordata.  Transverse  section 
of  nut,  X  4  :  T,  testa ;  G,  cotyledon ;  TB,  TB,  testa 
of  barren  seeds  in  empty  cells ;  En,  endocarp ;  B, 
barren  ceU  with  testa,  T ;  S,  sutural  line. 
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Stem  erect,  terete,  becoming  woody,  densely  covered  with  an 
adpressed  or  ascending  pubescence,  pale  green ;  1st  internode  2-3 
cm.  long,  1*5  mm.  thick  ;  2nd  (when  sketched)  5  mm.  long. 

Leaves  simple,  cauline,  al- 
ternate, exstipulate,  petiolate, 
sparsely  pubescent  on  both  sur- 
faces with  short,  adpressed, 
white,  rather  stiff  hairs,  quite 
entire. 

No.  1.  Ovate,  acuminate, 
very  unequal  at  the  base,  sub- 
concave,  involute  and  wavy  at 
the  margin,  penninerved  and 
reticulate,  acute ;  petiole  flat- 
tened above,  convex  beneath, 
covered  with  a  dense  adpressed 
pubescence  pointing  towards 
the  apex,  6  mm,  long. 

No.  2.  Cordate,  acute,  shghtly 
unequal  at  the  base,  subtrinerved 
and  reticulate  ;  petiole  5  mm. 
long. 


Fig.  535. — Cordia  subcordata. 
Half  nat.  size. 


Cordia  latifolia,  Boxb. 

Eypocotyl  erect,  terete,  stout,  fleshy,  glabrous,  green. 

Cotyledons  very  large,  and  similar  to  those  of  C.  subcordata. 

Stem  erect,  terete,  hairy,  pale  green,  ultimately  woody;  1st 
internode  5  mm.  long  ;  2nd  1-25  mm. ;  3rd  1  mm. 

Leaves  alternately  and  ascendingly  penninerved  (with  the  nerves 
ending  in  marginal  serratures),  reticulate,  mmutely  cihate,  aaid 
hairy  on  the  midrib,  otherwise  glabrous,  membranous,  hght  green; 
petiole  stout,  short,  semiterete,  channelled  above,  hau-y. 

No.  1.  Oblong,  obtuse. 

No.  2.  Cuneate,  obovate,  mucronate,  cuspidate,  irregularly  ser- 
rate above  the  middle,  with  obtuse  mucronate  serratures. 
No.  3.  Oblong-obovate,  otherwise  like  the  last. 

Cordia  decandra,  Hook,  et  Am. 

Eypocotyl  long,  stout,  2-5-8  cm.  long,  pubescent,  terete,  hght 
green  or  almost  colourless.  • 

Cotyledons  obovatc-elliptic,  obtuse,  crenate,  ^NTmkled,  wide, 
subsessile,  pubescent,  green,  very  distinctly  pumatmerved. 
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Cordia  ferruginea,  Boem.  et  Schult. 

Eypocotyl  erect,  terete,  minutely  pubescent,  1-2*5  cm.  long, 
light  green  or  almost  colourless. 

Cotyledons  broadly  obovate,  obtuse,  entire,  cuneate  at  the  base, 
petiolate,  glabrous,  green,  brighter  beneath,  trinerved. 

Stem  erect,  terete,  herbaceous,  minutely  pubescent ;  1st  inter- 
node  1-25-2  mm.  long. 

Leaves.— First  pair  simple,  entire,  cauline,  subopposite,  lanceo- 
late, acute,  with  short  petioles,  exstipulate,  hairy,  green,  pinnatinerved. 

Toumefortia  ferruginea,  Lam.  (fig.  536). 

Hypocottjl  erect,  terete,  pubescent,  stoutish,  1-5-2-2  mm.  long, 
Ught  green  or  almost  colourless. 

Cotyledons  broadly  subrotund,  somewhat 
truncate  at  the  base,  obtuse,  entire,  petio- 
late, minutely  pubescent,  green,  trinerved  ; 
petioles  rather  flat.  The  cotyledons  in  some 
cases  appear  to  have  considerable  difficulty 
in  freeing  themselves  from  the  woody  testa. 

Stem  erect,  terete,  herbaceous,  pubescent, 
ultimately  woody  ;  1st  internode  6-10  mm. 
long  ;  2nd  5-6  mm. 

First  leaves  simple,  entire,  cauline,  oppo- 
site, decussate,  exstipulate,  petiolate,  ovately 
oval,  obtuse,  ciliate,  densely  pubescent,  green, 
somewhat  wrinkled,  pumatinerved  ;  petioles  long,  pubescent,  chan- 
nelled above. 

Omphalodes  linifolia,  Moench. 

Eypocotyl  erect,  terete,  glabrous,  light  green  or  colourless,  6- 
8  mm.  long. 

Cotyledons  rotund,  obtuse,  entire,  petiolate,  glabrous,  pale  sub- 
glaucous-green,  one-nerved  ;  petioles  broad,  rather  flat  and  shallowly 
channelled  on  the  upper  face. 

Stem  with  primary  internodes  undeveloped,  annual. 

First  leaves  simple,  entire,  cauline,  opposite,  afterwards  alternate, 
broadly  spathulate  or  obovate,  obtuse,  petiolate,  exstipulate,  glabrous, 
pale  glaucous-green,  very  indistinctly  pinnatinerved  ;  petioles  broad, 
flat,  shallowly  chaimelled  on  the  upper  face. 

Cynoglossuin  vulgare,  Giildenst. 

Ovary  of  two  carpels,  each  two-ovuled ;  ovules  anatropous,  pen- 
dulous or  almost  horizontal ;  micropyle  superior. 


Fig.  536. — Toumefortia 
ferruginea. 
Half  nat.  size. 
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Fruit  consisting  of  four  nutlets,  the  pericarps  of  which  are  covered 
with  coarse  hooked  bristles. 

Seed  conforming  in  shape  to  the  fruit,  obovate,  obtuse,  exalbumi- 
nous,  considerably  flattened ;  testa  smooth,  membranous  ;  hilum 
conspicuous. 

Embryo  straight,  filling  the  seed,  colourless  ;  cotyledons  broadly 
obovate,  obtuse,  entire,  plano-convex,  lying  face  to  face  the  broad 
way  of  the  seed  with  their  faces  to  the  axis  ;  radicle  short,  obtuse, 
terete,  much  shorter  than  the  cotyledons. 

In  C.  furcatum.  Wall.,  the  seed  is  similar  in  all  respects  to  that 
of  C.  vulgare,  but  much  smaller,  more  flattened,  and  the  pericarp 
is  covered  with  proportionally  longer  bristles. 

Eritrichium  barbigerum,  A.  Gray. 

Hypocotyl  short,  erect,  terete,  1-1 '5  mm.  long,  green  or  almost 
colourless. 

Cotyledons  subfleshy,  spathulate,  obtuse,  entke,  tapering  to  the 
base,  covered  with  rather  stiff  hairs  on  the  upper  side,  glabrous 

beneath,  green,  indistinctly  one- 
nerved. 

Stem  erect,  terete,  hairy, 
herbaceous  ;  1st  internode  '75- 
1-25  mm.  long  ;  2nd  shorter. 

First  leaves  simple,  entne, 
cauhne,  opposite,  decussate,  ses- 
sUe,  tapering  to  the  base,  ex- 
stipulate,  spathulate-Iinear,  ob- 
tuse, covered  with  rather  stiff 
hairs  or  bristles,  green,  dis- 
tinctly one-nerved. 

Amsiuckia  intermedia,  Fisch. 
et  Mey.  (fig.  537). 

Hypocotyl  erect,  terete,  gla- 
brous, 1-6-2  cm.  long,  hght 
green. 

Cotyledons  deeply  bipartite, 
divided  nearly  to  the  base,  with 


Pig.  537. — Amsinckia  intermedia,  x  2. 


spathulate,  obtuse,  somewhat  stalked,  one-nerved,  hairy,  divaricate 
divisions.  When  the  seedling  first  appears  above  ground  the 
segments  are  linear,  erect,  but  soon  diverge,  widen  and  lengthen  till 
they  become  spathulate. 

Leaves  simple,  cauline,  alternate,  exstipulate,  hairy. 

Nos.  1  and  2.  Linear,  suba  ute,  entire. 
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Borago  officinalis,  L. 

Pistil  syncarpous,  superior  ;  ovary  of  two  carpels,  deeply  divided 
into  four  parts,  which  ultimately  fall  away  from  the  receptacle  as 
four  nutlets  ;  nutlets  erect,  oblong,  terminated  by  an  acute  shallow 
ridge  that  runs  along  the  apex  and  down  the  inner  angle,  con- 
stricted a  little  above  the  base  giving  the  latter  a  tumid  appear- 
ance, striated  longitudinally  with  shallow,  more  or  less  toothed  or 
muricated  ridges  on  all  sides,  pale  green  when  immature,  ulti- 
mately brown ;  style  gynobasic  ;  ovules  solitary  in  each  of  the  four 
parts  of  the  ovary,  pendulous,  anatropous  ;  micropyle  close  to  or 
at  the  apex. 

Fruit  breaking  up  into  four  mdehiscent  nutlets,  which  before 
maturity  are  seated  on  a  tumid  or  fleshy  body,  rounded  on  all  sides 
except  where  the  seed  comes  in  contact  with  it. 

Seed  ovoid-oblong,  smooth,  with  a  broad  base  and  suddenly 
tapered  to  a  small  point  at  the  apex,  pale  green  when  immature, 
conforming  to  the  smooth  inner  surface  of  the  pericarp  from  which 
it  never  escapes  ;  radicle  superior  or  at  the  apex  of  the  seed,  forming 
a  small  turbinate  point. 

Endosperm  absent. 

Embryo  always  straight,  oval  or  elliptic  in  outline,  fleshy,  milk- 
white,  suspended  from  the  narrow  apex  of  the  seed;  cotyledons 
plano-convex,  apphed  face  to  face,  oval  or  elliptic  in  outline,  perfectly 
straight  and  entire,  rather  rounded  at  the  apex  and  tapering  to  the 
smah  turbinate  radicle, 

Anchusa  capensis,  Thunbg. 

Eypocotyl  erect,  terete,  4-5  mm,  long,  light  green  or  colourless, 
glabrous. 

Cotyledons  broadly  obovate-oblong,  obtuse,  entire,  shortly  petio- 
late,  hispid  above,  glabrous  beneath,  green,  indistinctly  pinnatinerved 
like  the  leaves. 

Stem  with  the  primary  internodes  undeveloped. 

First  leaves  simple,  entire,  radical,  alternate,  oblong,  obtuse, 
tapering  at  the  base  to  a  broad  petiole,  exstipulate,  hispid,  green, 
pinnatinerved. 

Myosotis  arvensis,  Hoffm. 

Fruit  of  four  nutlets,  each  one-seeded  and  oval,  with  their  peri- 
carps smooth  and  greenish. 

Seed  conforming  in  shape  to  the  nutlets  from  "75-1  mm.  long, 
slightly  laterally  flattened  ;  hilum  inconspicuous. 

Endosperm  wanting. 

Embryo  straight,  filling  the  seed,  colourless  ;  cotyledons  broadly 
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obovate,  obtuse,  entire,  lying  in  the  broad  way  of  the  seed  with  their 
edges  to  the  axis  ;  radicle  short,  terete,  obtuse,  much  shorter  than 
the  cotyledons. 

Lithospermum  oiiicinale,  L. 

Fruit  of  four  nutlets,  or  fewer  by  abortion,  each  one-seeded, 
ovoid  ;  walls  of  nutlet  thick,  woody,  externally  bluish-white,  of  stony 
hardness  and  appearing  enamelled. 

Seed  ovoid,  conforming  to  the  interior  of  the  nutlet,  to  which  it 
is  closely  applied,  occupying  the  whole  of  the  interior  except  a  small 
empty  space  at  the  ventral  suture,  laterally  attached  to  the  placenta, 
and  by  growth  subsequent  to  fertilisation  appearing  basally  attached 
or  nearly  so  ;  radicle  superior. 

Endosperm  absent. 

Embryo  straight,  large,  obovoid,  pale  yellowish-white,  occupjdng 
the  whole  interior  of  the  seed  ;  cotyledons  oval,  rounded  and  entire 
at  the  apex,  plano-convex  and  thick ;  radicle  turbinate,  obtuse, 
much  shorter  than  the  cotyledons  and  directed  into  the  obtusely 
conical  point  of  the  nutlet  and  seed. 

Seedling  (fig.  538). 

Primary  root  normal,  tapering,  fibrous. 
Eypocotyl  erect,  terete,  pale  green,  pubescent, 
3-9  mm.  long. 

Cotyledons  obovate  or  subrotund-eUiptic, 
emarginate,  tapering  into  the  petiole,  Hght  green, 
with  short,  bulbous-rooted  hairs  on  the  margin  and 
upper  surface,  nearly  glabrous  beneath,  with  a  dis- 
tinct midrib  but  no  lateral  nerves ;  lamina  1-5  cm. 
long,'  1-1-3  cm.  wide;  petiole  broad,  shallowly 
grooved  above,  perfohate  at  the  base,  closely 
pubescent,  pale  green,  6-8  mm.  long. 

Ste?n  herbaceous,  erect,  terete,  closely  covered 
with  adpressed  pubescence,  directed  upwards,  pale 
green  ;  1st  internode  1-8-2-7  cm.  long  ;  2nd  un- 
developed ;  3rd  slightly  elongated. 
Leaves  simple,  entire,  cauline,  alternate  (first  two  opposite), 
exstipulate,  petiolate,  covered  aU  over  with  subadpressed,  bulbous- 
rooted  hairs,  pale  green ;  petioles  rather  broad,  flattened;  shallowly 
grooved  above,  hairy  like  the  leaf,  semiamplexicaul  at  the  base. 

Nos.  1  and  2.  Oblong-elliptic,  minutely  cuspidate,  opposite,  but 
unequal  in  size,  with  a  few  alternate,  asceudmg  nerves. 

Nos.  8  and  4.  Slightly  alternating  with  each  other,  lanceolate- 


FiG.  538. 

Lithospermum 

officinale. 
Half.  nat.  size. 
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elliptic  or  narrowly  elliptic,  minutely  cuspidate,  with  a  few  alternate, 
ascending  nerves. 

Ultimate  leaves  narrowly  lanceolate.  . 

By  bleaching  the  cotyledons  it  maybe  seen  that  two  pairs  ot 
nerves  arise  m  the  petiole,  the  lower  of  which  is  short,  but  the  next 
pair  follows  the  curve  of  the  cotyledon  at  some  distance  from  the 
margin,  and  unites  with  a  third  pair  arising  below  the  middle  oi 
the  cotyledon,  and  describing  a  curve  joins  the  midrib  close  to 
the  apical  sinus.    Smaller  branches  anastomose  copiously  with  ail 

these.  „ 

Stomata  are  numerous  on  the  under  side,  fewer  on  the  upper. 
The  epidermal  cells  are  very  wavy  on  the  under  side,  but  less  so 

above.  ,        ,  ,-,     .  •  ii„ 

The  margin  of  the  cotyledon  and  the  base  of  the  sinus  especially 

have  large  open  pores.  The  thickened  apex  of  the  midrib  shows  a 
few  discoloured  openings  on  the  upper  surface,  but  more  numer- 
ous and  conspicuous  below.  They  are  rounder  than  the  stomata, 
and  some  of  them  at  least  are  surrounded  with  four  guard  ceUs. 
The  emargination  of  the  cotyledons  takes  place  after  germination, 
and  is  due  to  the  tissues  on  each  side  of  the  sums  growing  more 
rapidly  than  the  portion  bearing  the  water-gland  and  the  water 
stomata. 

Echium  vulgare,  L. 

Fruit  breakmg  up  mto  four  (or  fewer  by  abortion),  one-celled, 
one-seeded  nutlets  which  are  ovoid-subconical,  shghtly  incurved 
upwards,  somewhat  constricted  above  the  horizontal  attachment  at 
the  base,  and  again  above  the  part  occupied  by  the  cotyledons, 
scabrid  all  over  the  surface  or  raised  into  Httle  prommences,  carinate 
along  the  upper  part  of  the  dorsal  aspect,  and  along  the  whole 
length  of  the  ventral  suture,  brown. 

Seed  ovoid,  subcompressed  dorsally,  and  shghtly  curved,  owing 
to  the  curvature  of  the  nutlet  which  it  closely  occupies  ;  testa  thin, 
membranous,  yellowish;  hilum  above  the  middle  on  the  ventral 
aspect ;  raphe  and  chalaza  consisting  of  nerves,  radiating  from  the 
hilum  to  the  broad  lower  part  of  the  seed ;  micropyle  and  radicle 
superior  in  the  tip  of  the  nutlet  and  some  Uttle  distance  above  the 
hilum. 

Endosperm  absent. 

Embryo  slightly  incurved  owing  to  the  shape  of  the  seed  and 
nutlet,  large,  and  occupying  the  whole  of  the  seed,  yellowish  ;  coty- 
ledons broadly  oblong,  short,  obtuse,  entire,  plano-convex,  closely 
adpressed  face  to  face  ;  radicle  occupjdng  the  conical  tip  of  the 
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seed  and  conforming  to  it  in  shape,  less  than  half  the  length  of  the 
cotyledons. 

Echium  canescens,  Presl. 

Hypocotyl  erect,  terete,  hairy,  2-6-8  cm,  long,  light  green  or 
colourless. 

Cotyledons  broadly  rotund  or  oblate,  obtuse,  shallowly  emar- 
ginate,  petiolate,  pubescent,  green,  indistinctly  trinerved  or  almost 
pinnatinerved  ;  petiole  broad,  flat,  shallowly  channelled  above. 

Stem  with  the  primary  internodes  undeveloped. 

Echium  violaceum,  L. 

Hypocotyl  as  in  E.  canescens,  1-1*2  cm.  long. 
Cotyledons  broadly  oval,  entire,  obtuse,  with  broad  flat  petioles, 
hairy,  green,  pinnatinerved  as  in  the  leaves. 
Stem  as  in  E.  canescens. 

First  leaves  simple,  entire,  radical,  opposite,  oblong-oval,  obtuse, 
petiolate,  exstipulate,  hispid,  green,  pinnatinerved ;  succeeding  ones 
alternate. 

Echium  Decaisnei,  Webb  et  Berth. 
Hypocotyl  wiry,  about'  1"5  cm.  long. 

Cotyledons  rotund,  concave,  shortly  petiolate,  about  8  mm.  long, 
4'5  mm.  wide. 

Ste77i  erect  or  subflexuose,  terete,  and  thickening  upwards,  woody, 
hispid  with  white,  broad-based  hairs  ;  internodes  numerous,  short, 
4-8  mm.  long. 

Leaves  cauline,  alternate,  simple,  entire,  exstipulate,  petiolate, 
numerous ;  limb  lanceolate,  obtuse  or  acute,  penninerved,  tapering 
to  both  ends,  softly  and  densely  hairy  above  with  sunken  nerves,  pale 
green  on  both  surfaces,  densely  hairy  beneath  with  prominent  mid- 
rib and  lateral  ascending  nerves  ;  petiole  channelled  above,  convex 
beneath,  dilated  at  the  base  and  half  amplexicaul,  hispid,  varying 
in  length  according  to  the  size  of  the  leaf  which  gradually  increases 
successively  from  the  base  of  the  stem  upwards. 
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CONVOLVULACEiE. 

Benth.  et  Hook.  Gen.  PI.  ii.  865. 
Fruit  and  Seed.— The  ovary  is  superior  and  syncarpous, 
consisting  usually  of  two  carpels,  rarely  of  three,  five,  or  ten, 
and  cohering  so  as  to  form  as  many  cells  as  there  are  carpels. 
In  some  cases  there  are  spurious  septa  interposed  dividmg 
the  ovary  into  as  many  cells  as  there  are  ovules.    The  ovary 
is  generally  entire,  but  in  rarer  cases  is  divided  into  distinct 
erect  lobes.    The  ovules  are  usually  geminate  in  each  cell, 
rarely  one  or  four,  sessile,  basal,  erect  from  the  inner  angle  of 
each  cell,  anatropous  or  nearly  so.    The  fruit  is  generally 
entire  and  globose,  rarely  oblong  or  conical,  fleshy,  baccate, 
pulpy  and  indehiscent,  or  capsular  as  in  the  typical  genus, 
with  hardened,  crustaceous  or  membranous  walls,  indehiscent 
or  dehiscing  by  two  to  four  valves,  rarely  bursting  irregularly 
or  transversely  operculate.    In  other  cases  the  fruit  is  divided 
into  two  to  many  lobes,  each  piece  constituting  an  indehiscent 
one-seeded  nutlet ;  or  it  may  be  divided  into  as  many  cells  as 
there  are  seeds  when  the  latter  are  numerous.    The  seeds  are 
as  numerous  as  the  ovules  or  fewer  by  abortion,  basal  from 
the  inner  angles  of  the  cells  and  erect.    When  solitary  they 
conform  to  the  cavity  of  the  fruit,  but  when  there  are  two  or 
more  they  become  angled  by  mutual  compressure.    The  testa  is 
membranous  or  crustaceous,  rarely  fleshy  and  smooth,  villous 
or  woolly.    Endosperm  is  present  and  fleshy  or  more  usually 
forms  a  thin  layer  occupying  the  space  between  the  various 
parts  of  the  embryo.    The  latter  is  large  and  variously  folded 
with  thin  and  foliaceous  cotyledons  which  are  entire,  emargin- 
ate,  bifid  or  bipartite.    More  rarely  the  embryo  is  terete,  curved 
and  subspherical,  or   spiral  with  elongated   semiterete  or 
obsolete  cotyledons.    The  radicle  is  inferior,  directed  towards 
the  hilum  and  often  more  or  less  curved  round  the  dorsal 
aspect  of  the  seed.    An  exceptional  case  occurs  in  Nephro- 
phyllum  where  the  embryo  is  terete  and  much  curved,  with 
spiral  cotyledons  scarcely  wider  than  the  radicle.     In  the 
same  category  Nolana,  Alona,  and  Dolia  may  be  placed.  The 
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species  of  Cuscuta  have  an  embryo  consisting  of  a  terete  spiral 
body  with  inconspicuous  or  obsolete  cotyledons.  A  well-marked 
type  of  seed  occurs  in  the  numerous  species  of  Convolvulus 
and  Ipomoea,  and  as  they  correspond  pretty  closely  they  may 
be  taken  together.  When  more  than  two  seeds  reach  maturity 
in  a  capsule,  they  are  bluntly  trigonous  with  the  hilum  basal, 
and  facing  the  inner  angle  of  the  cell  obliquely.    The  interior 
of  the  seeds  is  remarkable  for  an  invagination  of  the  tegmen 
along  the  ventral  angle.    The  extent  to  which  it  is  infolded 
varies  greatly  in  different  species ;  in  all  cases  it  is  perhaps 
most  marked  at  the  apical  end  of  the  seed,  and  from  thence  it 
is  continued  towards  the  base.    The  seeds  of  some  species  are 
almost  two-celled  owing  to  the  excessive  development  of  this 
pecuhar  process,  and  a  small  opening  is  left  just  sufficient  to 
permit  of  the  embryo  pushing  half  of  each  cotyledon  into 
each  of  the  halves  of  the  seed.     There  is  also  a  smgular 
invagination  of  the  micropyle  close  to  the  hilum,  forming  with 
the  dorsal  integument  of  the  seed  a  tubular  cavity  in  which  the 
embryo  arises,  and  which  ultimately  accommodates  the  radicle 
only.    This  is  not  so  rare  an  occurrence  as  the  first  mentioned 
process,  as  we  meet  with  it  in  species  belongmg  to  various 
Orders,  although  generally  it  is  much  less  marked.  Some- 
thing like  it  occurs  in  Acer  and  ^Esculus  belonging  to  the 
Sapindace®.    The  embryo  is  large,  and  durmg  development 
the  cotyledons  grow  till  they  reach  the  apex  of  the  seed  or  till 
they  meet  the  invagination  of  the  tegmen  when  the  growth  of 
the  primary  axis  or  midrib  is  stopped ;  or  if  it  continues  to 
grow,  then  the  cotyledons  become  folded  transversely  upon 
themselves  in  the  dorsal  region  of  the  seed.    Sooner  or  later 
however  the  cotyledons  become  concave  on  the  ventral  aspect, 
and  obliquely  lateral  lobes  are  developed  so  as  to  occupy  the 
cells  on  each  side  of  the  invaginated  tegmen.    This  causes 
the  cotyledons   to   become  emarginate,  bifid  or  bipartite 
according  to  the  length  of  the  lateral  lobes.    When  the  latter 
attain  great  length  they  become  very  much  folded,  plicate  or 
crumpled,  giving  the  cotyledons  the  characteristics  which  mark 
them  after  germmation.    WTien  the  seeds  are  large  and  the 
cotyledons  but  little  folded,  the  latter  are  but  shallowly  bifid 
or  merely  emarginate  after  germination ;  but  when  the  seeds 
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are  small  and  the  cotyledons  are  much  folded,  they  appear 
deeply  bifid  and  bipartite  after  germination.  The  species  of 
Convolvulus  and  Ipomoea  observed  may  for  convenience  sake  be 
divided  into  those  which  have  merely  emarginate,  and  those 
which  have  bifid,  deeply  bifid,  and  bipartite  cotyledons.  Con- 
volvulus Soldanella  may  be  given  as  a  type  having  the  coty- 
ledons merely  emarginate.  The  amount  of  the  invagination  of 
the  tegmen  is  small ;  the  cotyledons  undergo  little  folding  in  the 
seed,  and  they  are  seen  to  be  five-nerved  at  the  base  even  at  a 
very  early  stage.  The  midrib  forks  a  little  way  before  reaching 
the  sinus  of  the  cotyledon,  and  this  is  what  occurs  in  many,  if 
not  in  all  of  the  species  coming  under  my  notice.  There  is  a 
more  or  less  direct  relation  between  the  length  of  the  midrib 
and  the  depth  of  the  lobing,  for  the  longer  the  lobes  are  the 
shorter  the  midrib  which  represents  the  real  length  of  the  axis 
of  the  cotyledon. 

Convolvulus  sepium  agrees  pretty  closely  with  this  type,  as 
does  also  C.  tricolor. 

The  cotyledons  of  Ipomoea  purpurea  are  shallowly  bifid, 
and  the  amount  of  folding  is  moderate  in  the  seed  ;  but  the 
infolding  of  the  tegmen  is  considerable. 

The  seed  of  Ipomoea  Pes-caprse  is  almost  two-celled  owing 
to  the  ingrowth  of  the  tegmen  on  the  ventral  aspect,  and 
the  invagination  of  the  micropyle  is  also  considerable.  The 
cotyledons  are  deeply  bifid,  but  the  amount  of  folding  of 
the  lateral  lobes  is  moderate,  and  the  length  of  the  midrib 
is  considerable  owing  to  transverse  folding  on  the  dorsal 
aspect  of  the  seed  just  after  leaving  the  tube  from  the  micro- 
pyle and  before  the  lamina  divides.  This  particular  folding 
is  due  to  growth  in  length  of  the  lamina  after  the  apical 
sinus  comes  in  contact  with  the  obstruction  caused  by  the 
tegmen.  The  advantage  or  economy  of  the  latter  may  be  to 
prevent  the  lobes  of  the  cotyledons  from  getting  intricately 
confused  with  one  another,  thereby  rendering  exit  from  the 
seed  during  germination  more  difficult  or  even  impossible. 
I.  Eoxburghii  agrees  pretty  closely  with  this  type.  I.  Qua- 
mocht  (fig.  539)  also  agrees  with  it  as  far  as  the  invagination 
is  concerned  and  the  length  of  the  lateral  lobes  of  the  cotyle- 
dons, but  the  latter  are  very  much  folded  transversely  so  that 
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its  axial  length  is  considerable,  and  this  is  well  seen  after 
germination  as  well  as  before  it.  The  seed  is  comparatively 
small. 

I.  dasysperma  represents  the  fourth  type  in  which  the  coty- 
ledons are  bipartite.  The  real  length  of  the  midrib,  and  therefore 
the  lamina,  is  almost  nil ;  but,  on  the  contrary,  we  have  an 
unusual  development  of  the  lateral  lobes.   The  invagination  of 
the  micropyle  and  the  tegmen  is  considerable.    The  radicle  is 
long,  in  fact  nearly  equalling  the  length  of  the  seed,  bringing  the 
apical  sinus  in  contact  with  the  prominent  tegmen.  The  lamina 
is  little  or  not  at  all  transversely  folded,  but  the  folding  is  ex- 
cessive in  the  long  lateral  lobes.    The  basal  auricles  are  more- 
over well  pronounced  in  this  species.   Two  long  lateral  nerves 
traverse  the  lobes,  and  there  is  a  third  short  one  at  the 
base.    Convolvulus  Cneorum  might  almost  constitute  a  fifth 
type,  so  much  does  it  differ  from  the  last.    The  cotyledons 
are  bipartite,  in  fact  cut  into  the  petiole,  and  they  are  folded 
transversely,  but  not  to  any  great  extent.  The  invagination  of 
the  tegmen  is  very  slight,  in  fact  almost  obsolete.  That  of  the 
micropyle  is,  however,  normal.    This  divided  state  of  the  coty- 
ledons may  have  arisen  in  an  ancestral  form  having  the  inner 
coat  of  the  seed  strongly  infolded  as  in  the  above  cases,  and  the 
invagination  may  have  become  obsolete  in  more  recent  times, 
while  the  fission  of  the  cotyledons  has  persisted.    The  fission 
would  however  favour  or  facilitate  transverse  folding,  seeing 
that  broad  undivided  cotyledons  would  have  difficulty  in  folding 
into  or  adapting  themselves  to  the  pecuHar  shape  of  the  seed. 
The  seeds  of  this  species  are  shortly  and  densely  pubescent; 
those  of  Ipomcea  dasysperma  are  silky,  those  of  I.  Quamocht 
pubescent,  of  I.  Pes-caprte  densely  so. 

The  seeds  and  embryos  of  Nolana  atriplicifoUa  are  built 
upon  quite  a  different  plan  and  strongly  resemble  those  of  a 
Solanum,  a  Chenopodium,  or  their  allies.  The  ovule  and  seed 
are  campylotropous.  The  embryo  is  terete  and  very  much 
curved  or  circinate,  passing  round  the  periphery  of  the  seed 
and  covered  merely  by  a  very  thin  layer  of  endosperm,  with 
a  greater  quantity  of  the  latter  in  the  middle  of  the  seed. 
The  cotyledons  are  incumbent,  plano-convex,  and  he  m  the 
narrow  way  of  the  seed  which  is  angled  but  slightly  compressed. 
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Seedlings— The  greater  number  of  tlie  seedlings  observed 
are  modelled  on  the  same  plan,  but  vary  considerably  in  the 
depth  of  fission  of  the  cotyledons,  in  the  number  of  nerves 
radiating  from  the  base  of  the  lamina,  and  in  size.  Seedlings 
of  the  tribe  Nolanete  have  cotyledons  resembling  those  of 
a  Solanum.  All  those  noticed  may  be  conveniently  divided 
into  five  or  six  groups  according  to  the  division  of  the  coty- 
ledons and  their  venation. 

The  first  group  may  be  represented  by  Convolvulus  Solda- 
nella  which  has  broadly  oblong  or  squarish,  shallowly  emargi- 
nate  cotyledons  with  seven  nerves  radiating  from  the  base. 
The  hypocotyl  is  very  short  and  the  petioles  of  the  cotyledons 
greatly  elongated.  The  first  two  leaves  are  reniform-orbicular. 
The  cotyledons  of  C.  sepium  are  very  similar  but  narrower 
and  longer,  with  shorter  petioles  and  a  longer  hypocotyl. 
The  shoots  proceeding  from  their  axils  are  geotropic.  The 
first  two  leaves  are  cordate  and  subhastate,  acute  and  widely 
separated  by  the  lengthening  of  the  internodes.  The  first  and 
second  leaves  of  a  seedling  of  this  species  curiously  enough 
were  almost  the  counterpart  of  the  cotyledons,  but  were  rather 
smaller  and  more  deeply  emarginate.  Something  similar  is  of 
frequent  occurrence  in  Ipomoea  Pes-capr® ;  in  fact  such  a  form 
is  the  most  common  one.  The  cotyledons  of  Convolvulus  tricolor 
are  obcordate  or  cuneate,  bifid,  trinerved  at  the  base,  and  re- 
markably similar  to  those  of  Brassica,  both  in  shape  and 
venation.  The  first  five  leaves  are  spathulate,  the  sixth 
linear-oblong,  and  the  seventh  to  the  fourteenth  inclusive, 
oblong.  The  cotyledons  of  Convolvulus  triflorus  are  similar, 
but  more  deeply  bifid.    The  two  first  leaves  are  oblong-ovate! 

A  third  type  is  met  with  in  Ipomoea  Pes-caprte  which 
has  deeply  bifid  cotyledons,  trinerved  at  the  base  as  in  the 
last  case,  while  a  pair  of  strong  lateral  nerves  are  given  off 
from  the  midrib  higher  up,  so  that  two  strong  lateral  nerves 
traverse  each  lobe  of  the  lamina.  The  primary  leaves  are 
very  variable  in  different  individual  seedlings.  In  the  one 
described  the  first  one  is  oblong,  and  seven  suceeding  ones 
are  oblong-obcordate,  or  shortly  bifid  as  in  the  typical  leaf  of 
the  adult  plant  which  is  not  unlike  the  impression  made 
by  a  goat's  foot  on  the  ground,  hence  the  specific  name.  The 
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leaves  of  the  adult  plant  in  the  Kew  specimens  are  more  poly- 
morphic than  those  of  the  seedling  ;  they  are  broader  than  long, 
or  suborbicular  or  oblong-emarginate,  sometimes  subcordate  at 
the  base,  or  they  are  ovate,  or  obovate-oblong.  The  cotyledons 
of  Ipomoea  Nil  are  also  trinerved  from  the  base,  but  they  are 
rather  less  deeply  divided,  unequal  in  size  and  have  wider  lobes. 
The  first  three  leaves  are  cordate,  acuminate,  and  five-nerved 
from  the  base.    I.  dissecta  (fig.  542)  has  also  unequal,  tri- 
nerved cotyledons,  but  they  are  more  deeply  auricled  at  the 
base,  and  a  second  pair  of  lateral  veins  arise  a  little  above  the 
base  making  them  almost  five-nerved.    Their  petioles  are 
considerably  elongated  to  compensate  for  the  shortness  of  the 
hypocotyl  above  the  soil.    The  first  internode  of  the  stem  is 
but  little  developed,  and  the  first  leaf  five-toothed  and  almost 
or  quite  rudimentary.     The  second  leaf  is  fi-e-lobed  and 
several  times  larger,  but  yet  very  small    The  thn^  ^  th« 
sixth  inclusive  are  palmately  five-nerved  and  -partite  with 
rhomboid-lanceolate  segments.  .     ,     •     «  „ 

A  fourth  type  is  exhibited  by  those  species  havmg  five 
to  seven  nerves  proceeding  from  the  base  of  the  lamma 
Ipomoea  hispida  (fig.  541)  has  cotyledons  ^'^f^^^'^^^^'^^^^ 
I  Nil  in  outline  and  depth  of  division,  but  they  are  moie 
nearly  equal,  and  five-nerved  at  the  base.    The  first  two  leaves 
are  cordite,  acute  and  seven-nerved  at  the  base.  Jlje  -tyle- 
dons  of  I.  Koxburghii  are  larger,  rather  ^oreje  vlj^^^^^ 
and  seven-nerved  at  the  base.    The  first  leaf  ^y^f^^^' 
acute   and  the  next  two  are  similar,  but  angled  at  the 
sides  or  incipiently  lobed.    AU  are  five-  to  seven-nerved  at 
the  base.    The  cotyledons  of  Ai-gyreia  ^1---  are  rema^k^^ 
ablv  similar  to  those  of  Ipomoea  Eoxburghn.    The  fa  st 
leaf  is  however  cordate-acuminate,  and  the  second  cordate- 
acute    The  hypocotyl  of  Argyreia  cuneata  is  -ranean 
fleshv  stout  and  inseparable  from  the  upper  part  of  the  oot. 
The  are  fitly  seven-nerved  at       base  -^^^^^^^^^ 

long,  slender  petioles  partly  buried  m  the  soi .    The  mte 

1  qlfiiider  flexuosestem  are  elongated,    ihc  faist 

^:^ri.t^llyZt^^.^^o.nm  at  either  end;  the  fol.o^ng 
thVee  are  moie  elongated  and  proportionately  narrow.  The 
0    edons  of  Lettsomia  aggregata  are  divided  more  than  half- 
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way  to  the  base.  The  first  two  leaves  are  roundly  ovate ;  the 
second  spathulate ;  and  the  third  obovate,  and  emarginate. 
A  fifth  very  distinct  group  centres  around  Ipomoea  Quamoclit 
(fig.  540)  which  has  deeply  bipartite  cotyledons  with  linear, 
widely  divaricate  segments  traversed  by  two  nerves  each. 
The  real  length  of  the  lamina  is  from  the  apex  of  the  petiole 
to  the  middle  of  the  sinus,  and  is  really  very  short.  The 
lobes  represent  lateral  growth  after  the  cotyledons  can  no 
longer  grow  in  length  ;  they  are  very  much  folded  transversely 
while  still  in  the  seed.  The  first  two  or  more  leaves  are 
deeply  pinnatisect  with  linear  lobes  appearing  as  if  pinnate. 
I.  dasysperma  closely  corresponds  to  this  type,  but  the  leaves 
are  different  from  those  of  I.  Quamoclit.  The  cotyledons  of 
I.  palmata  are  scarcely  so  deeply  divided,  and  are  rather 
irregularly  four-  to  five-nerved  at  the  base,  with  strongly 
ascending  segments.  The  first  three  leaves  are  cordate,  five- 
to  seven-nerved  at  the  base,  and  trifid  at  the  apex,  or  they 
show  a  few  more  lateral  teeth.  The  cotyledons  of  an 
unnamed,  subshrubby,  and  apparently  climbing  species  of 
Convolvulus  are  deeply  bipartite  with  linear  one-nerved  seg- 
ments. The  first  two  leaves  are  lanceolate,  while  succeeding 
ones  up  to  the  ninth  differ  chiefly  in  their  much  greater 
length.  An  extreme  limit  of  division  is  met  with  in  Convol- 
vulus Cneorum,  an  upright  shrubby  species  with  hoary  and 
silky  foliage.  The  cotyledons  are  cut  or  divided,  not  only 
to  the  base  of  the  lamina,  but  into  the  petiole,  giving  rise  to 
four  diverging,  one-nerved  segments  resembling  as  many  coty- 
ledons. The  first  four  leaves  are  oblanceolate,  and  narrowed 
into  a  short  petiole. 

The  simplest  type  of  cotyledons  in  the  Order  as  far  as 
I  have  observed  is  that  of  the  Nolanese,  whose  peculiar  cha- 
racteristics have  already  been  mentioned  under  seeds.  Those 
of  Nolana  atriplicifolia  (fig.  543)  are  lanceolate-oblong,  fleshy, 
and  indistinctly  one-nerved.  The  first  leaf  is  ovate  and  the 
four  succeeding  ones  are  more  elliptic.  The  cotyledons  of  a 
Nolana  from  Santiago  are  narrowly  spathulate,  petiolate, 
one-nerved,  and  pubescent.  The  first  seven  or  eight  leaves 
exactly  resemble  the  cotyledons  in  size,  length,  and  hairi- 
ness. 
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Argyreia  cuneata,  Bot.  Beg. 

Primary  root  perennial,  fleshy,  subglobose,  smooth,  and  together 
■with  the  hypocotyl  forming  a  tuberous  rootstock, 

Cotyledons  equal,  with  glabrous,  green  or  reddish  petioles,  4- 
■5  cm.  long,  I'S  mm.  thick,  with  their  basal  ends  1  cm.  or  less  be- 
low the  surface  of  the  ground  on  the  broad  collar  of  the  hypocotyl, 
and  surrounding  six  or  more  buds  in  the  two  axils  ;  lamina  2-5  cm. 
long  and  as  wide,  bilobed,  cordate  at  the  base,  obtuse  at  the  apices, 
otherwise  entire,  palmatinerved,  with  a  short  midrib  and  two 
primary  nerves  meeting  within  the  apex  of  each  lobe,  glabrous,  thin, 
hght  green,  rather  persistent,  and  presenting  a  strange  appearance 
through  being  partly  buried. 

Stem  suberect,  firm,  terete,  pubescent ;  1st  internode  4-6  cm, 
long,  1-5  mm.  thick ;  2nd  and  8rd  shorter. 

Leaves  simple,  entire  (at  least  in  the  seedling  stage),  caulme, 
alternate,  exstipulate,  petiolate,  alternately  incurvinerved,  with  the 
bases  of  the  nerves  decurrent  on  the  midrib,  smooth  and  deep 
green  above,  pubescent  on  the  margin  and  covered  with  a  silvery 
or  silky  tomentum  beneath;  petioles  short,  grooved  on  the  upper 

side.  .T  , 

No  1  Shortly  petiolate,  3-5-4  cm.  long,  2-5  cm.  wide,  oval, 

rounded  at  both  ends,  with  entire,  pubescent  margm,  sunk  midinb 

and  pinnate  nerves,  coriaceous,  smooth  and  dark  green  above, 

woolly  and  paler  beneath. 

Nos.  2-4.  Oval,  slightly  more  tapered  to  both  ends  and  larger, 

6-7  cm.  long,  and  8  cm.  wide. 
Argyreia  speciosa.  Sweet. 

Primary  root  a  long  taproot  with  a  large  number  of  long,  thick, 
much  branched,  white  fibres. 

Hypocotyl  herbaceous,  6-8  cm.  long,  2-2-5  mm.  thick,  terete, 
pubescent,  dull  green,  purpUsh  about  the  middle. 

Cotyledons  long-petioled,  about  6  cm.  long,  4-5  cm  wide, 
bilobed,  deeply  cordate  at  the  base,  obtuse  at  the  apex,  otherwise 
entire,  with  a  short  forked  midrib  and  two  strong  primary  nerves  on 
each  side,  sunk  and  forming  a  very  narrow  .ellipse  m  each  lobe 
quite  glabrous,  bright  green  above,  paler  beneath,  thm,  somewhat 
persistent ;  petioles  semiterete,  channelled. 

^  Stem  herbaceous,  short,  terete,  tomentose  ;  first  few  internodes 
about  5  mm.  long,  and  2-2-5  mm.  thick. 

Leaves  simple,  cauhne,  alternate,  exstipulate,  petiolate,  coidate 
alternately  incurvinerved.  reticulated,  glabrous  and  deep  green 


CONVOLVULACE^ 


'275 


above,  covered  with  a  silky  tomentum  beneath,  conduplicate  in  bud ; 
petioles  hairy,  tomentose  or  woolly,  subterete. 

No.  1.  With  a  tomentose  subterete  petiole  3-5  cm.  long,  and 

1-  5  mm.  in  thickness,  and  a  cordate  blade  4  cm.  long,  and 
3  cm.  wide  with  deep  base  and  cuspidate  apex,  plane,  pinnati- 
nerved,  with  entire,  pubescent  margin,  glabrous  and  bright  green 
above,  tomentose  and  paler  beneath,  not  very  thick  ;  vernation  con- 
duplicate. 

No.  2.  Similar  but  larger. 

Lettsomia  aggregata,  Boxb. 

Eypocotyl  erect,  terete,  glabrous,  very  short,  about  6-8  mm. 
long. 

Cotyledons  bifid  for  more  than  half  their  length  with  diverging 
lobes,  subcordate  at  the  base,  with  the  midrib  very  short  and  bifur- 
cate some  distance  below  the  base  of  the  sinus  representing  the  true 
length  of  the  cotyledon,  and  giving  off  two  strong  and  one  slender 
lateral  nerve  into  the  ascending  and  diverging  lobes,  petiolate, 
glabrous  except  the  petiole,  deep  green  above,  paler  beneath ; 
lamina  to  the  base  of  the  sinus  1  cm.  long,  and  the  oblong-ovate 
lobes  1"5-1'6  cm.  longer;  vddth  from  tip  to  tip  of  the  lobes 

2-  2  cm.;  petiole  subterete,  channelled  and  downy  above.  1"1-1'3 
cm.  long. 

Stem  stout,  erect  at  first,  ultimately  twining,  densely  silky  or 
hairy  with  adpressed  hairs ;  1st  internode  5-8  mm.  long ;  2nd 

3-  5  mm. 

Leaves  simple,  entire,  cauline,  alternate,  exstipulate,  petiolate, 
irregularly  and  alternately,  ascendingly  penninerved,  with  the  ends 
of  the  nerves  incurved  and  uniting  one  with  another,  subreticulate, 
densely  silky  hairy  ,and  subhoary  on  the  under  side,  and  pubescent 
above,  deep  green  and  shining  with  a  silky  margin ;  petioles  sub- 
terete, channelled  above,  densely  silky  hairy. 

Nos.  1  and  2.  Eotund-ovate,  obtuse,  subcordate  at  the  base. 

No.  3.  Spathulate,  obtuse,  entire,  cuneate  at  the  base. 

Nos.  4  and  5.  Obovate,  emarginate,  cuneate  at  the  base. 

Ipomoea  Pes-caprae,  Sioeet. 

Ovary  of  two  to  three  carpels,  two-  to  three-celled,  four-  to  eix- 
ovuled ;  ovules  two  in  each  cell,  erect  from  the  base  of  the  inner 
angle  of  the  cell,  anatropous  ;  micropyle  inferior. 

Capsule  globose,  two-  to  three-celled,  four-  to  six-seeded,  dehisc- 
"ig  by  valves. 

Seed  obtusely  trigonous,  forming  a  segment  of  a  sphere,  convex 
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longitudinally  and  transversely  on  the  back,  blunter  at  the  basal 
end,  deep  brown,  almost  black,  densely  pubescent ;  hilum  incon- 
spicuous ;  tegmen  very  much  invaginated  from  the  inner  angle  of 
the  seed  which  is  almost  divided  in  two  internally  ;  micropyle  also 
invaginated,  containing  at  first  the  whole  embryo,  ultimately  only 
the  radicle. 

Endosperm  in  the  mature  seed  copious,  clear  or  subtransparent, 
embedding  the  embryo,  swelling  up  and  mucilaginous  in  water. 

Embryo  large,  curved,  pale  yellowish  ;  cotyledons  broad,  deeply 
bifid,  condupHcated  and  variously  folded  or  plaited,  one  half  of  each 
lying  on  each  side  of  the  deep  invagination  of  the  tegmen  ;  radicle 
large,  curved,  lying  in  the  invagination  of  the  micropyle  towards  or 
at  the  base  of  the  dorsal  aspect  of  the  seed. 

Seedling. 

HypocoUjl  erect,  terete,  glabrous,  about  1-6-2  cm.  above  the 
soil. 

Cotyledons  deeply  bifid  with  diverging  lobes,  petiolate,  thick  and 
subcoriaceous  and  more  or  less  shining,  glabrous,  deep  green  above, 
paler  beneath,  with  a  midrib  reaching  nearly  to  the  sinus,  and  giving 
off  from  each  side  towards  the  base  two  strong  nerves  runnnig 
nearly  to  the  apex  of  the  lateral  lobes  where  they  jom ;  there  is 
often  present  a  third  but  more  slender  nerve  from  each  side  near 
the  apex  which  runs  along  the  inner  edge  of  the  lobes  ;  lamma 
about  1  cm.  long  to  the  apex  of  the  midrib,  and  about  2-2  cm. 
to  the  apex  of  the  ascending  lateral  lobes,  2-6-2-8  cm.  from  tip 
to  tip  of  the  lobes  ;  petiole  semiterete,  channelled  above,  glabrous, 
6-8  mm.  long. 

Stem  erect  at  first,  terete  or  shghtly  fm-rowed  from  the  base  of 
the  petioles  downwards,  flexuose  or  zigzag,  duU  brownish-green, 
glabrous;  internodes  often  extremely  irregular  in  the  early  stages 
of  the  plant ;  1st  one  undeveloped  or  5  mm.  long;  2nd  2-o  mm.- 
2'1  cm. 

Leaves  simple,  cauline,  alternate,  but  often  opposite,  or  iiTegu- 
larly  fascicled  in  the  younger  state  of  the  plant,  exstipulate,  petio- 
late, alternately  and  ascendingly  penninerved,  or  oppositely  nerved 
towards  the  base  with  numerous  slender  nerves  branching  and 
anastomosing  with  one  another  within  the  margm  of  the  leaf,  sub- 
coriaceous,  glabrous,  more  or  less  sliming  on  both  surfaces  de.p 
green  above,  bright  green  beneath ;  petioles  sub  terete  shgh  ly 
channelled  above,  stoat,  somewhat  decurrent  on  the  stem,  dull 
brownish-green,  glabrous,  tapering  somewhat  upwards. 

Early  leaves  very  variable  in  outUne. 
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No.  1.  In  the  specimen  described,  oblong,  obtuse,  slightly  emar- 
ginate. 

Nos.  2  and  3.  Obovate- oblong,  broadly  emarginate  with  a  tooth 
in  the  notch. 

Nos.  4-7.  Broadly  obcordate,  or  widely  bifid,  sHghtly  cuneate  at 
the  base,  with  a  tooth  in  the  apical  sinus. 

The  leaves  on  adult  plants  are  very  variable,  as  the  following 
instances  will  show. 

No.  1.  Deeply  obcordate,  and  on  the  upper  part  of  plant  almost 
transverse,  with  oblong,  obtuse,  diverging  lobes,  having  numerous 
ascending  parallel  veins — four  from  the  base  on  each  side  and  a 
few  alternate  ones  upwards,  with  the  midrib  excurrent,  much  reti- 
culated.   The  lower  leaves  were  like  the  cotyledons. 

No.  2.  Rotund  or  oblong,  emarginate,  subcordate  or  rounded  at 
the  base,  alternately  penninerved  with  four  contiguous  pairs  at  the 
base ;  midrib  shghtly  excurrent.  Upper  leaves  broadly  subovate, 
less  cordate  at  the  base.  The  midrib  in  both  these  plants  was  much 
in  advance  of  the  lamina  in  young  unfolded  leaves,  but  it  gradually 
falls  behind  the  lateral  lobes  as  the  leaf  becomes  ready  to  unfold. 

No.  3.  In  another  form  the  leaves  were  ovate  or  obovate-oblong, 
retuse,  rounded  or  emarginate,  and  apiculate,  irregularly  alternately 
penninerved,  more  or  less  cuneate  or  wavy  at  the  base,  and  having 
the  midrib  excurrent  at  the  apex  in  all  cases. 

Ipomoea  purpurea.  Lam. 

Ovary  surrounded  at  the  base  by  an  annular,  hypogynous  disc, 
of  three  carpels,  three-celled,  two  ovules  in  each  cell ;  ovules  as  in 
I.  Pes-caprae. 

Capsule  globose,  even  and  glabrous  externally  and  internally, 
three-celled,  two-  to  six-seeded,  and  containing  the  remains  of  the 
aborted  ovules  when  less  than  six-seeded,  tipped  with  the  conical 
remains  of  the  persistent  style,  dehiscing  by  three  valves. 

Seeds  when  six  occupying  the  whole  fruit,  trigonous  with  the 
two  outer  angles  acute,  the  inner  one  blunt,  and  the  lateral  faces 
flat  and  much  broader  than  the  dorsal  aspect  which  is  convex  or 
rounded,  both  longitudinally  and  transversely,  pale  whitish,  ulti- 
mately deep  brown,  rounded  at  the  extreme  base  which  projects  a 
httle  beyond  the  hilum  ;  hilum  orbicular  with  a  basal  notch,  brown 
before  the  seed  is  mature,  seated  on  an  oblique  depression  of  the 
seed  facing  the  inner  angle  of  the  cell.  Where  two  seeds  only 
occupy  the  fruit,  they  are  ovoid  or  more  or  less  hemispheric,  occupy- 
mg  two  cells  of  the  ovary,  while  the  third  is  nearly  squeezed  up 
close  to  the  outer  wall. 
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Endosperm  plentiful,  like  a  transparent  jelly,  occupying  all  tl:  ^ 
interior  of  the  unoccupied  space  in  the  growing  seed  and  surround-^ 
ing  the  embryo,  ultimately  becoming  dry  and  cartilaginous,  occupying 
the  space  between  the  folds  and  wrinldes  of  the  mature  embryo, 
and  still  transparent  where  quite  thin,  mucilaginous  and  swelling  up 
considerably  when  placed  in  water. 

Embryo  quite  straight  at  first  and  lying  in  the  conical  hollow 
process  near  the  hilum  which  forms  a  passage  for  the  radicle  to  the 
micropyle  ;  but  later  on  as  growth  proceeds  the  cotyledons  are  pro- 
jected beyond  this  process  and  commence  to  become  concave  towards 
the  inner  angle  of  the  seed.  They  soon  become  doubled  sharply 
over  the  end  of  the  process,  extending  to  the  apex  of  the  seed  and 
both  doubling  over  and  abutting  against  the  promment  ingrowth  of 
the  tegmen,  become  deeply  bifid  at  the  apex,  more  or  less  cordate  at 
the  base,  and  much  wrinkled. 

Ipomoea  Q,uamoclit,  L.  (fig.  539). 

Ovary  of  two  carpels,  two-celled  or  by  the  interposition  of 

spurious    septa    four  -  celled; 
ovules  as  in  I.  Pes-caprae. 
Fruit  a  capsule. 
Seed  trigonous,  flat  on  the 
sides  in  contact  with  the  others, 
rounded  on  the  dorsal  aspect 
both  longitudinally  and  trans- 
versely,   deep    brown  almost 
black,  pubescent ;  hilum  small, 
brown,  facing  the  placenta  ob- 
liquely ;    tegmen  uavaginated 
rather  deeply  but  squeezed  down 
by  the  growing  embryo,  so  that 
in  cross-section  it  resembles  the 
letter  X- 

Endosperm  in  the  mature 
seed  forming  a  layer  surround- 
ing the  embryo,  subtrausparent, 
becoming  mucilaginous  when 
placed  in  water. 

Embryo  large,  condupUcate 
and   curved,  pale  yelloAUsh; 
cotyledons  large,  foliaceous,  bifid,  cordate  at  the  base  bent  back  at 
he'end  of  the  Imagination  of  the  micropyle  and  doubled  m  bene,  b 
it,  then  recurved  upwards  and  proceeding  to  the  apex  of  the  ^^^J 
radicle  subfusiform  or  cylindrical,  obtuse,  curved  towaids  the 


Fig.  ^Z^.—Ipomcea  Quamoclit,  x  18. 
Seed  laid  open,  showing  the  dorsal  face  of 
the  embryo  in  situ  :  I,  invagination  ot 
the  tegmen ;  oc,  testa,  and  ic,  tegmen 
of  seed;  a,  auricles  of  cotyledons;  M, 
radicle. 
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micropjie.  foUowing  the  outline  of  the  basal  and  dorsal  aspect  of 
the  seed. 

Seedling  (fig.  540). 

Primary  root  a  short,  succulent  taproot,  with  a  few  branched, 
colourless,  fibrous  lateral  rootlets. 

Eypocotyl  herbaceous,  about  6  cm,  long,  1  mm.  thick,  two- 
furrowed,  from  the  decurrent  bases  of  the  petioles  of  the  cotyledons, 
glabrous,  bright  green. 

Cotyledons  very  short  but  trans- 
versely linear,  3-5-5  cm.  long  from 
tip  to  tip,  the  broadest  part  about 
4  mm.  and  the  middle  8  mm.  wide, 
cordate  at  the  base,  rather  obtuse  at 
the  apex  of  each  lobe,  with  a  midrib 
1  mm.  long,  giving  off  two  strong 
lateral  nerves  on  each  side  running 
parallel  for  some  distance,  and  the 
upper  one  to  the  apex  of  the  lobes,  gla- 
brous, pale  green  in  the  earher  stage, 
with  undulate  entire  margin,  thin, 
somewhat  persistent. 

Stem  herbaceous,  suberect,  fur- 
rowed, glabrous,  shining,  light  green  ; 
the  first  few  internodes  about  5  mm. 
long,  1  mm.  thick. 

Leaves  uni-  to  bi-pinnatisect,  deep 
green,  glabrous,  with  slender  linear 
segments. 

No.  1.  About  3-5  cm.  long,  2  cm. 
wide,  with  a  glabrous  petiole  7*5  mm. 
long  and  -75  mm.  thick,  distinctly  pin- 
natisect,  with  the  lowest  pair  of  segments  shortly  bipinnatisect,  the 
other  three  pairs  with  the  terminal  segment  narrowly  hnear,  about 
1*5  cm.  long,  1-25-1-5  mm.  wide,  acuminate,  glabrous,  dark  green, 
with  sunk  midrib. 

No.  2.  Similar,  with  five  pairs  of  segments,  most  of  which  are 
bipinnatisect. 

Ipomoea  hispida,  Boem.  et  Schult.  (fig.  541). 

Primary  root  long,  with  a  few  branched  white  fibres. 

Eypocotyl  herbaceous,  suberect,  about  6  cm.  long,  2  mm.  thick, 
terete,  glabrous,  with  decurrent  lines  from  the  base  of  the  cotyledons, 
green  with  a  Hght  purplish  hue. 


Fig.  540.- 


—Ipomoea  Quamoclit. 
Nat.  size. 
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Pig.  541. — Ipomosa  hispida. 
Half  nat.  size. 


Cotyledons  unequal,  with  petioles  3-5-4-5  cm.  long,  2-3  cm, 
wide,  quadrangular,  bilobed,  cordate  at  the  base,  rounded  at  the 

apex  of  each  lobe,  five-nerved  at  the 
base  or,  more  correctly,  giving  off 
two  strong  primary  nerves  from  each 
side  of  the  midrib,  the  latter  termi- 
nates in  a  small  fork  near  the  sinus, 
and  the  nerves  become  incurved  and 
join  near  the  apex  of  the  lobes; 
strong  secondary  nerves  are  given  off 
from  the  basal  pair  of  primary  ones ; 
reticulated,  quite  glabrous,  thin,  yel- 
lowish-green above,  paler  beneath. 

Stem  herbaceous,  twining,  with 
long  internodes  about  1  mm.  thick, 
terete,  pubescent,  with  deflexed 
hairs,  pale  green. 

Leaves  alternately  incurvi- 
nerved  or  radiately  at  the  base, 
reticulate,  more  or  less  pubescent, 
deep  green  above,  paler  beneath. 
Nos.  1-3.  Long-petioled,  simple, 
3-5-5  cm.  long,  cordate  or  subcordate,  acute,  entire,  palmatinerved 
at  the  base,  alternately  nerved  along  the  midrib,  slightly  pubescent, 
thin,  bright  green  above,  paler  beneath ;  petiole  shghtly  pubescent, 
pinkish. 

Ipomoea  Eoxburgliii,  Steiid. 
Ovary  as  in  I.  purpurea. 

Capsule  dehiscing  by  the  three  valves  separating  from  the  septa, 
almost  invariably  sis-seeded;  valves  thin,  rather  brittle,  pale 
brown. 

Seeds  trigonous,  testa  rather  cartilaginous  when  dry,  pale  or 
dirty  white,  with  the  micropyle  close  to  the  round  basal  hilum,  which 
faces  obliquely  the  inner  angle  of  the  cell,  somewhat  marked  by  the 
crumpled  cotyledons  within. 

Endosperm  surrounding  the  large  embryo,  colourless  while  the 
seed  is  yet  immature,  afterwards  cartilaginous  when  dry,  thin  and 
membranous  at  places  where  the  cotyledons  press  upon  it,  and 
forming  larger  soHd  masses  between  the  folds  of  the  embryo. 

Embryo  large,  green  at  first  and  becoming  dirty  white  when 
mature  and  dry ;  cotyledons  deeply  bifid,  cordate  at  the  base,  five- 
nerved,  with  the  midrib  becoming  forked  a  little  below  the  smus, 
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one  fork  entering  each  lobe,  superposed  face  to  face,  and  then 
doubled  longitudinally,  the  midrib  and  radicle  following  the  curved 
back  of  the  seed  and  the  lateral  margins  of  the  cotyledons  turned 
towards  the  inner  angle,  at  first  merely  convex  on  the  back  and 
concave  on  the  inner  side,  but  ultimately  becoming  much  crumpled 
transversely ;  radicle  lying  in  a  grooved  process  attached  close  to 
the  micropyle  on  the  dorsal  aspect. 

The  smus  of  the  cotyledons  seems  to  facilitate  their  doubhng 
upon  each  other  longitudinally,  or  may  even  be  the  effect  of  that 
act  and  the  intrusion  of  the  tegmen,  for  the  lobes  become  longer 
and  more  developed  as  the  seed  progresses  to  maturity ;  the  whole 
embryo  which  is  very  large  conforms  to  the  shape  of  the  seed  which 
with  its  fellow  shares  equally  one  cell  of  the  ovary,  while  the  six 
seeds  fill  the  globose  capsule. 

Seedling. 

Primary  root  nearly  vertical,  a  short  taproot,  with  long,  colour- 
less, branched  fibres. 

Eyjjocotyl  herbaceous,  6-8  cm.  long,  2-2-5  mm,  thick,  terete, 
glabrous,  seldom  sHghtly  pubescent,  bright  green. 

Cotyledons  seven-nerved  at  the  base,  3-5-4-5  cm.  long,  3-5-4 
cm.  wide,  pubescent  otherwise  like  those  of  I.  hispida. 

Stem  herbaceous,  suberect,  terete,  pubescent,  the  rather  long 
hairs  pointing  downward  ;  first  few  internodes  about  1-5  cm.  long, 
1'5  mm.  thick. 

Leaves. — No.  1.  Long-petioled,  5-6  cm.  long,  8-4  cm.  wide, 
cordate,  acuminate,  entire,  radiately  incurvinerved  at  the  base, 
and  alternately  along  the  midrib,  pubescent  all  over,  thin,  bright 
green  above,  paler  beneath. 

No.  2.  Similar,  but  the  apex  cuspidate  with  one  small  lateral 
lobe. 

No.  3.  Similar,  but  shghtly  trilobed. 

Ultimate  leaves  simple,  cauline,  alternate,  exstipulate,  petio- 
late,  radiately  incurvinerved  at  the  base,  and  alternately  upwards, 
reticulate,  pubescent  all  over,  membranous,  bright  green  above, 
paler  beneath  ;  petioles  rather  slender,  semiterete,  channelled  above, 
pubescent  or  hairy. 

Ipomoea  Nil,  Roth. 

BypocotTjl  suberect,  herbaceous,  6-9  cm.  long,  1-5-2  mm.  thick, 
terete  and  reddish  near  base,  ridged  and  pale  green  higher  up, 
glabrous. 
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Cotyledons  like  those  of  I.  Roxburghii  in  size  and  shape,  but  only 
trinerved,  and  sometimes  asymmetrical. 

Stem  herbaceous,  terete,  glabrous,  shining  light  green ;  Ist 
internode  1  cm.  long,  1-5  mm.  thick  ;  2nd  3  cm,  long,  1  mm. 
thick  ;  next  longer  and  thinner. 

Leaves. — No.  1.  About  8  cm.  long,  3  cm.  wide  (including 
the  channelled  glabrous  petiole),  cordate  or  subcordate,  acuminate 
or  cuspidate,  entire,  palmately  incurvinerved,  glabrous,  thin,  light 
green. 

No.  2.  Narrower  in  proportion  to  its  length. 
Ultimate  leaves  as  in  I.  Eoxburghii,  but  glabrous. 

Ipomoea  dissecta,  Willd.  (fig.  542). 

Hypocotyl  above  ground  very  short,  stout,  fleshy,  glabrous,  pale 
or  colourless. 

Cotyledons  foliaceous,  very  large,  bifid  for  more  than  half  their 
length,  very  broad  transversely,  with  broadly  oblong,  obtuse,  divari- 
cate lobes,  cordate  at  the  base,  glabrous,  deep  green,  petiolate ; 
venation  consisting  of  a  slender  median  nerve,  bifurcate  near  its 
apex,  and  giving  ofi'  a  strong  lateral  nerve  on  each  side  near  the 


Fig.  542. — Ipomoea  dissecta.    Half  nat.  size. 

base,  and  a  stronger  pair  at  the  base  of  the  lamina,  and  all  four 
with  ascending  branches  which  again  divide  more  or  less  ;  larger 
lamina  1-15  cm.  long,  3-9  cm.  wide  (each  lobe  2-7  cm.  long)  ; 
smaller  lamina  VI  cm.  long,  3-6  cm.  wide  (each  lobe  2-5  cm.  long  ; 
petioles  unequal,  semiterete,  channelled  above,  glabrous,  purphsh, 
the  longer  5  cm.  long,  the  shorter  4-1  cm.  long. 

Stem  herbaceous,  erect,  soon  twining,  lerete,  glabrous,  marked 
with  small  distant,  papillose  elevations,  pale  purphsh  ;  1st  mter- 
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node  3  mm.  long  ;  2nd  hardly  developed ;  3rd  1-8  cm. ;  4th  5  mm. ; 
5th  6-2  cm. 

Leaves  palmately  five-  to  seven-nerved  and  -lohed,  glabrous,  lignt 
green  ;  petioles  slender,  nearly  terete,  slightly  channelled  above, 
glabrous,  pale  green  or  tinted  with  purple. 

No.  1.  Very  small,  almost  rudimentary,  five-fid  or  -toothed. 

No.  2.  Much  larger,  but  still  very  small,  palmately  five-lobed  ; 
middle  lobe  much  the  largest ;  basal  smallest. 

Nos.  3-6.  Palmately  five-sect  with  the  basal  and  smallest  lobes 
again  divided  on  the  posterior  side  into  a  more  or  less  distinct  lobe  ; 
middle  lobes  rhomboid-lanceolate,  acute,  alternately  penninerved 
and  subreticulate,  with  a  few  irregular  sized  teeth,  about  the  middle 
on  each  side— middle  lobe  largest,  but  similar  to  the  rest  in  shape 
and  margin. 

Ipomoea  palmata,  Forsk. 

Etjpocotyl  2-3  cm.  long,  about  2  mm.  thick,  terete,  smooth 
near  the  base,  somewhat  warty  under  the  cotyledons,  herbaceous, 
purplish-brown. 

Cotyledons  with  glabrous,  channelled,  purphsh-green  petioles 
1  cm.  long,  1-25  mm.  thick ;  lamina  deeply  bifid,  2-5  cm.  long,  with 
a  short  midrib  forking  a  Uttle  below  the  sinus,  and  giving  off  two, 
rarely  three,  primary  nerves  into  each  lobe,  running  nearly  parallel 
to  each  other,  without  distinct  union  within  the  apex  of  the  lobe, 
glabrous,  thin,  hght  green,  paler  beneath,  somewhat  persistent. 

Stem  short,  terete,  slightly  scabrous  or  warty,  herbaceous,  pur- 
phsh  ;  first  few  internodes  2  mm.  long,  1-25  mm.  thick. 

Leaves  radiately  incurvinerved  at  the  base,  alternately  nerved 
upwards,  and  reticulate,  glabrous,  membranous,  light  green  above, 
paler  beneath  ;  petioles  rather  long  and  slender,  subterete. 

No.  1.  With  channelled,  glabrous,  purplish  petiole  3  cm.  long, 
1  mm.  wide,  and  a  broadly  cordate  blade,  2-5  cm.  long,  and  as 
wide,  acuminately  trifid  at  the  apex,  obtusely  angled  near  the 
cordate  or  subcordate  base,  with  seven  radiately  incurving  nerves, 
glabrous  thin,  yellowish -green  above,  paler  beneath. 

No.  2.  Similar. 

No.  3.  Similar,  but  more  palmatifid. 

No.  4.  Nearly  palmatilobed,  all  the  lobes  being  mucronate- 
acuminate. 

Convolvulus  sepium,  L. 

Pistil  surrounded  at  the  base  by  an  annular  disk  ;  ovary  of  two 
carpels,  two-celled  or  by  the  early  rupturing  of  the  septum  one- 
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celled,  four-ovuled,  sessile  ;  ovules  erect,  inserted  at  some  distance 
from  the  centre  of  the  fleshy  placentas  which  occupy  all  the  base 
of  the  ovary,  anatropous,  the  raphe  running  along  the  inner 
angle  and  forming  a  stout  ridge  in  the  upper  interior  half  of  the 
ovary  ;  radicle  next  the  hilum  but  on  the  dorsal  aspect. 

Fruit  a  capsule,  globose,  tipped  by  the  persistent  remains  of  the 
style,  one-celled,  two-  to  four-seeded,  pale  brown,  brittle,  glabrous 
externally,  silky  with  adpressed  pubescence  internally. 

Seeds  trigonous  when  four  are  matured,  with  the  lateral  faces 
flat,  or  more  or  less  shrunk  or  somewhat  wrinkled,  and  the  dorsal 
aspect  longitudinally  and  transversely  convex  or  rounded,  obtusely 
and  minutely  tridentate  at  the  base  of  the  dorsal  aspect,  the  radicle 
close  to  the  middle  tooth  containing  the  micropyle,  nearly  white, 
ultimately  brown,  glabrous,  albuminous ;  hilum  reniform,  on 
the  oblique  basal  scar  with  the  convex  side  towards  the  inner 
angle. 

When  two  seeds  mature,  even  if  in  the  different  though  un- 
divided compartments  of  the  ovary,  they  share  the  space  and  become 
nearly  or  quite  hemispheric. 

When  one  seed  only  is  produced  it  becomes  ovoid  or  subglobose 
and  variously  but  obtusely  angled. 

Endosperm  plentiful,  of  a  clear  jelly-like  consistency  and  muci- 
laginous when  the  seed  is  in  a  growing  state  and  completely  sm-- 
rounding  the  embryo.  As  the  seed  matures  it  diminishes,  adapting 
itself  to  the  various  wrinkles  and  folds  of  the  embryo,  at  the  same 
time  becoming  hard  and  horny,  but  preserving  a  clear  colour  where 
still  thin  and  membranous. 

Embryo  straight  at  first  with  flat  cotyledons  which  ultimately 
become  very  large  and  variously  wrinkled,  adapting  themselves  to 
the  internal  construction  of  the  seed.  When  the  embryo  is  only 
2  mm.  long  and  1-5  mm.  broad,  it  is  nearly,  if  not  quite,  straight  and 
flat ;  the  cotyledons  are  rotund,  entire,  and  trinerved,  and  the  whole 
embryo  is  embedded  in  jelly-hke  endosperm  and  rests  in  an  invagi- 
tion  of  the  micropyle,  which  increases  in  size  with  the  embryo. 
The  cotyledons  project  beyond  this  and  become  at  first  concave 
towards  the  inner  angle  of  the  seed  ;  they  soon  become  much  con- 
cave and  shghtly  emarginate,  doubling  sharply  over  the  pomt  of  the 
supporting  process,  and  down  behind  it  where  the  hquid  endosperm 
offers  no  resistance.  The  cotyledons  up  to  this  stage  are  green. 
As  they  attain  full  size  they  become  much  wrinkled,  and  pale 
yellowish  or  dirty  white.  They  have  previous  to  this  ultimate  stage 
grown  to  the  full  length  of  the  seed,  and  the  shallow  notch  in  the 
cotyledons  abuts  against  a  ridge  at  the  apex  of  the  seed  formed  by 
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the  invaginated  tegmen  extending  some  way  down  the  interior  of  the 
dorsal  aspect  of  the  seed  where  it  becomes  shallow  and  extends  to 
the  hilum.  Hence  the  notch  in  the  cotyledons  is  caused  by  their 
growing  at  the  sides  after  their  apex  has  reached  this  ridge. 

Seedling. 

Primary  root  elongated,  tapering,  with  numerous  lateral  branch- 
ing fibres. 

Hypocottjl  erect,  terete,  glabrous,  green  or  purphsh,  stout,  7- 
15  mm.  long. 

Cotyledons  large,  fohaceous,  broadly  oblong,  truncate  and  shal- 
lowly  emarginate  above,  truncate  or  abruptly  cuneate  at  the  base 
where  they  are  five-nerved,  alternately  nerved  upwards  ;  nerves 
strong,  forking,  the  midrib  generally  though  not  always  proceeding 
to  the  tip,  sometimes  forking  a  little  way  below  it,  light  green, 
glabrous  ;  lamina  2-2-8  cm.  long,  1-9-2-65  cm.  wide  ;  petiole  semi- 
terete,  channelled  above,  2  to  2-5  cm.  long. 

Stem  herbaceous,  at  first  erect,  afterwards  twining  from  right  to 
left  or  against  the  sun,  above  the  first  or  second  true  leaf,  terete, 
glabrous,  twisted  after  commencing  to  twine  ;  internodes  very  vari- 
able, 1st  3-4-6"5  cm.  long;  2nd  almost  undeveloped  to  3  cm. ;  the 
rest  longer. 

The  first  two  branches  originating  in  the  axils  of  the  cotyledons 
are  geotropic,  deep  red,  and  resolve  themselves  into  underground 
rhizomes  or  creeping  stems,  with  small  scale-like  leaves.  If  the 
main  axis  should  by  any  accident  be  broken  off,  the  branches  from 
the  cotyledons  assume  the  appearance  and  characters  of  the  primary 
stem,  and  perform  the  same  functions. 

Leaves  simple,  cauline,  alternate,  exstipulate,  petiolate,  glabrous, 
light  green,  five-nerved  at  the  base,  alternately  nerved  upwards  with 
somewhat  incurved,  anastomosing  nerves  ;  petioles  semiterete,  gla- 
brous, channelled  above,  frequently  twisted  at  the  base  to  bring  the 
blade  of  the  leaf  to  the  light. 

No.  1.  Cordate-subhastate,  cuspidately  acute,  with  the  lower  pair 
of  lateral  nerves  running  into  the  obtuse  angles. 

No.  2.  Cordate,  elongated,  cuspidately  acute  or  having  an  odd, 
obtuse  angle  on  one  side. 

Nos.  3  and  4.  Cordate,  elongated,  cuspidately  acute. 

These  characters  are  liable  to  variation,  and  sometimes  all  the 
early  leaves  are  simply  elongated-cordate.  In  one  specimen  noted 
the  first  two  leaves  were  exactly  like  the  cotyledons,  but  smaller  and 
rather  more  deeply  emarginate. 

Ultimate  leaves  hastate  or  sagittate,  always  with  a  deep  basal 
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sinus,  obtuse  or  acute  with  the  basal  lobes  frequently  angled  or 
obtusely  dentate. 

Convolvulus  Soldanella,  L. 

Fruit,  seeds,  and  embryo  similar  to  those  of  C.  sepium ;  seeds  a 
deep,  dull,  purplish-black  colour. 

Seedling. 

Hypocotyl  short,  subterranean,  gradually  and  indistinguishably 
tapering  into  the  root. 

Cotyledons  very  similar  to  those  of  C.  sepium,  but  rather  wider 
and  with  longer  petioles. 

Stem  herbaceous,  erect,  terete,  marked  with  two  raised,  somewhat 
muricate  hnes  running  down  from  the  base  of  each  leaf,  one  on  each 
side,  green,  heavily  mottled  with  purple  in  the  young  stage,  glabrous, 
ultimately  procumbent,  traihng  or  shghtly  twining,  considerably 
twisted,  pale  green  and  mottled  with  pale  purple  ;  internodes  vari- 
able ;  1st  3-8  mm.  long;  2nd  3-5-4-5  mm.;  3rd  4-5-10  mm. 
Ultimate  ones  2-3  cm. 

Leaves  exstipulate  (or  adult  ones  with  stipule-like  excrescences 
at  the  base  of  the  petiole  which  are  constant),  trinerved  from  the 
base,  each  nerve  branching  considerably  on  the  lamina  of  the  leaf ; 
petiole  as  in  C.  sepium. 

Nos.  1  and  2.  Eeniform-orbicular,  minutely  emarginate,  other- 
wise entire  or  rarely  incipiently  angled  at  the  sides  towards  the 
base,  cuneate  in  the  basal  sinus,  deep  green,  shining. 

Ultimate  leaves  reniform,  shortly  cuspidate,  shallowly  and  ob- 
tusely angled  at  the  ends  of  the  principal  nerves  and  shallowly 
crenate  between,  cuneate  in  the  basal  sinus,  the  three  primary  nerves 
much  branched,  giving  rise  to  reticulate  venation. 

Convolvulus  tricolor,  L. 

Capsule  two -celled,  one-  to  four -seeded,  pale  brown,  brittle, 
dehiscing  by  the  separation  of  the  valves  from  the  septum. 

Seed  where  four  occupy  the  capsule  obtusely  trigonous,  formmg 
the  fourth  part  of  a  sphere,  equal  at  the  base,  muricate  or  covered 
with  little  elevations  on  all  sides,  pale  whitish,  ultimately  brown  ; 
hilum  oblong-subreniform,  small,  seated  about  the  centre  of  the  small 
horizontal  depression  at  the  base  of  the  seed,  with  the  slightly 

convex  side  to  the  inner  angle. 

i/ntZos^jem  thm  and  membranous  where  in  close  contact  witli 

the  folds  of  the  embryo,  but  forming  masses  in  the  unoccupied  spaces, 

swelling  up  and  becoming  mucilaginous  in  water. 
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Embryo  straight  in  the  early  stages  and  lying  in  a  truncate, 
hollow  invagination  of  the  micropyle,  becoming  curved  at  an  early 
period,  after  the  cotyledons  project  beyond  the  hollow  process,  then 
becoming  concave  on  the  side  towards  the  axis  of  the  ovary  ;  as 
growth  proceeds  it  reaches  the  apex  of  the  seed  and  then  becomes 
sharply  doubled  transversely  over  the  end  of  the  supporting  process 
where  there  is  no  resistance.  After  this  it  extends  to  the  inner 
angle  of  the  seed  with  its  edges  on  each  side  of  the  slightly  pro- 
minent invagination  of  the  tegmen.  The  cotyledons  become  trans- 
versely oval  and  slightly  emarginate  at  a  very  early  age,  a  shape 
which  they  retain  to  the  last,  and  are  deep  green  from  the  time 
they  become  visible  till  mature,  when  they  become  pale  yellow  ; 
radicle  in  the  mature  embryo  at  right  angles  to  the  midrib  of  the 
cotyledons. 

Convolvulus  tricolor,  L.,  var.  robustus  unicauUs. 

Primary  root  long,  flexuose,  with  numerous  lateral  rootlets, 
annual. 

Hypocotyl  erect,  terete,  thickened  under  the  cotyledons,  glabrous, 
a  deep  blood-purple. 

Cotyledons  obcordate,  suddenly  tapering  at  the  base,  trinerved, 
subcoriaceous,  glabrous  except  the  petiole,  which  is  channelled  above 
and  sHghtly  pubescent  on  the  margins  of  the  channels,  and  dull 
blood-purple;  lamina  green,  1'45  cm.  long,  1-55  cm.  wide;  petiole 
1-5  cm.  long. 

Stem  herbaceous,  annual,  erect,  terete,  pubescent,  deep  blood- 
purple  at  the  base  and  green  upwards  ;  1st  internode  6  mm.  long  ; 
2nd  undeveloped;  8rd  6'5  mm.;  4th  4-5  mm.;  5th  9  mm. ;  6th 
7'5  mm. ;  7th  9  mm.  ;  8th  9  mm. 

Leaves  simple,  entire,  cauline,  alternate  (first  two  opposite  or 
subopposite),  exstipulate,  sessile,  sparsely  villous  when  young,  ulti- 
mately glabrous  or  minutely  pubescent,  with  a  median  nerve  and  a 
few  lateral,  alternate,  ascending  nerves. 

Nos.  1  and  2.  Opposite  or  subopposite,  spathulate,  rounded  at 
the  end  and  tapered  to  a  long,  narrow,  petiole-like  base. 

Nos.  3-5.  Spathulate,  obtuse,  narrowed  to  the  base. 

No.  6.  Linear-oblong,  cuspidate,  not  much  narrowed  to  the 
base. 

No.  7.  Oblong,  acuminate,  acute,  with  a  broad  base. 
No.  8.  Oblong,  cuspidate,  broadest  about  the  middle. 
Nos.  9  and  10.  Broadly  oblong,  obtuse,  apiculate,  broad  and 
subcordate  at  the  base. 

Nos.  11-14  inclusive.  Oblong,  acute,  rounded  at  the  base. 
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Convolvulus  Cneorum,  L. 

Ovary  of  two  carpels,  two-celled,  four-ovuled  ;  ovules  ascending 
or  erect,  anatropous  ;  micropyle  inferior. 

Capsule  one-celled  by  the  early  rupturing  of  the  septa,  ovoid  or 
siibglobose,  membranous,  dehiscing  irregularly,  one-  to  two-seeded. 

Seed  ovoid,  somewhat  pointed,  angled,  shghtly  prolonged  and 
truncate  on  the  posterior  basal  side,  deep  brown,  shortly  and  densely 
pubescent ;  hilum  small,  round,  facing  the  basal  placenta  obliquely ; 
chalaza  inconspicuous  ;  tegmen  thin,  membranous,  white. 

Endosperm  clear,  subtransparent,  surrounding  the  embryo  and 
fiUing  up  the  interstices,  mucilaginous  and  swelling  up  when  placed 
in  water. 

Embryo  large,  twice  folded,  or  once  folded  when  the  upper  third 
is  reversed  upon  the  middle  one,  embedded  in  the  endosperm,  pale 
yellow  ;  cotyledons  shortly  petiolate,  bipartite  or  cut  into  the  petiole, 
with  oblong,  obtuse,  one-nerved  lobes ;  one  lobe  of  each  cotyledon 
lies  on  either  side  of  the  median  line  of  the  seed ;  radicle  large, 
curved,  tapering  to  an  obtuse  pohat,  incumbent,  lying  in  an  ovate 
process  of  the  micropyle. 

Seedling. 

Hypocotyl  erect,  terete,  glabrous,  colourless,  about  1-85  cm. 
above  soil. 

Cotyledons  bisected  to  the  petiole  with  oblong,  obtuse,  divergmg 
segments,  each  with  a  central  midrib,  uniting  with  one  another 
in  the  common  petiole  at  or  above  its  middle,  alternately  penni- 
nerved  narrowed  at  the  base  to  a  secondary  petiole,  glabrous, 
pale,  somewhat  greyish-green  above  and  covered  with  minute  scales, 
pale,  but  clearer  green  beneath  and  minutely  scaly  ;  lamma  I'S- 
1-45'  cm.  long,  4-5-5  mm.  wide  ;  primary  petiole  semiterete,  chan- 
nelled above,  glabrous,  pale  green,  3-5-4  mm.  long  ;  secondary  petiole 

1-1-5  mm.  long. 

Stem  becoming  shrubby,  erect,  terete,  thinly  hairy  m  the  seedhng, 
pale  green ;  1st  internode  9-5  mm.  long  ;  2nd  3-75  mm. 

Leaves  simple,  entire,  cauline,  alternate,  exstipulate,  petiolate, 
alternately  penninerved  ;  nerves  incurving,  hoary  and  silky  on  both 
surfaces  with  adpressed  hairs  ;  petioles  semiterete,  short,  channelled 
above,  covered  with  adpressed  silky  hairs. 

Nos.  1-4.  Oblanceolate,  cuspidate,  narrowed  into  the  petiole. 

Nolana  atriplicifolia,  Do7i. 

Ovary  of  five,  rarely  ten,  carpels,  one-  to  four-ovuled ;  ovules 
campylotropous ;  micropyle  inferior. 
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Capsule  few-seeded. 

Seed  variously  angled  and  shaped,  rather  compressed  laterally, 
3-3-5  mm.  in  diameter  ;  testa  slightly  rugose,  thick,  almost  corky  ; 
hilum  rather  conspicuous. 

Endosperm  fleshy,  copious,  white. 

Embryo  curved  or  rounded  on  itself,  embedded  in  endosperm  ; 
cotyledons  long,  linear,  circinately  curved, 
obtuse,  plano-convex,  lying  the  narrow  way 
of  the  seed  with  their  faces  to  the  axis,  not 
much  wider  than  the  radicle ;  radicle  ob- 
tuse, terete,  incumbent  on  and  about  as 
long  as  the  cotyledons. 

Nolana  atriplicifolia  var.  subcaerulea 
(fig.  543). 

Primary  root  long,  tapering  downwards, 
stout,  with  slender  lateral  rootlets. 

Hypocotyl  very  short,  suddenly  tapered 
into  and  indistinguishable  from  the  root, 
colourless. 

Cotyledons  lanceolate-oblong,  obtuse, 
with  a  very  indistinct  midrib,  flattened 
above  and  convex  beneath,  fleshy,  tapered 
to  a  short  petiole,  glabrous,  light  opaque 
green,  fading  to  yellow  with  age  ;  lamina 
7'5-10-5  mm.  long,  2-5-3-25  mm.  wide  ; 
petiole  "5-1  mm.  long,  connate  at  the  base 
round  the  plumule. 

Stem  developed  when  about  to  flower  ; 
primary  internodes  undeveloped. 

Leaves  simple,  entire,  radical  and  cauline,  alternate,  exstipulate, 
petiolate,  fleshy,  flat  or  convex  above,  glabrous  except  towards  base  of 
the  petiole,  indistinctly  alternately  incurvinerved,  venation  best  seen 
on  the  under  side  of  young  leaves,  light  yellowish-green  above,  paler 
beneath  ;  petioles  semiterete,  channelled  or  shallowly  grooved  above, 
dilated  towards  the  base  and  thinly  hairy. 

Nos.  1  and  2.  Ovate,  obtuse,  somewhat  convex  above. 

Nos.  2-5  inclusive.  Subelliptic,  obtuse,  flattened  above  or  slightly 
convex. 


Fig.  543. — Nolana  atri- 
plicifolia var.  subccBrulea. 
Nat.  size. 


Nolana  sp. 

Sypocot-yl  erect,  terete,  glandular-pubescent,  pale  green,  1-5- 
2  cm.  long. 


n. 
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Cotyledons  narrowly  spathulate,  obtuse,  glandular-pubescent, 
petiolate,  subfleshy  with  an  indistinct  midrib,  but  no  other  nerves  i 
discernible,  pale  green,  1-6-1-9  cm.  long  including  petiole,  3-3-5  mm.| 
at  the  widest,  similar  to  the  primary  leaves  in  every  respect. 

Stem  erect,  terete,  herbaceous,  ultimately  shrubby,  glandular- 
pubescent,  pale  green  ;  primary  internodes  irregular,  short. 

Leaves  simple,  cauline,  alternate,  exstipulate, petiolate,  glandular- 
pubescent  on  both  surfaces,  subfleshy,  pale  green,  with  a  midribl 
shghtly  sunk  on  the  upper,  and  slightly  prominent  on  the  under! 
surface,  no  other  nerves  discernible  in  the  seedlmg  stage,  taperingi 
into  the  petiole  ;  petiole  slightly  channelled  above,  similar  to  thej 
tissues  of  the  leaf  and  similarly  pubescent. 

Nos.  1-17  inclusive.  Narrowly  spathulate,  obtuse,  entire,  some-j 
what  convex  above  and  concave  beneath,  narrowed  insensibly  int( 
the  petiole. 


S0LANACEJ3. 

Bentl).  et  Hook.  Gen.  PI.  ii.  882. 

Fruit  and  Seed.— The  ovary  is  superior  and  two-  or  rareli 
three-  to  five-celled  or  four-celled  by  the  development  of  spu{ 
rious  septa  as  in  Datura  Stramonium  and  others.   The  ovules 
are  nearly  always  very  numerous  in  each  ceU  and  attached  to 
large  peltate,  or  massive,  solid,  and  fleshy  axile  placentas ;  they 
are  also  arranged  in  many  series,  and  anatropous  or  sometimes  . 
amphitropous.    Sometimes  but  rarely  they  are  few,  and  ^-ery 
rarely  solitary  and  fixed  to  the  middle  of  the  septa.  The 
fruit  is  very  often  baccate,  but  is  sometimes  capsular,  dehiscmg 
circumscissly  above  the  middle,  or  septicidally  by  two  entne 
or  bifid  valves,  leaving  the  placentas  naked  or  cohermg  more 
or  less  with  them.    The  seeds  are  mostly  very  numerous,  with 
a  membranous  or  crustaceous  rugose  or  sometimes  almost 
muricate  testa;  more  rarely  the  testa  is  dilated  mto  a  wing 
surrounding  the  seed.    A  fleshy  endosperm  is  present.  The 
embryo  is  most  frequently  narrow,  terete,  strongly  mcurved, 
circular,  or  subspiral  with  cotyledons  shorter  than  the  radicle 
ancUn  the  more  typical  members  of  the  Order  not  broader 
than  it    In  the  Cestrine^E  and  the  SalpiglossidiB  the  embijo 
is  straighter,  more  central,  and  the  cotyledons  are  often  con- 
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siderably  broader  than  the  radicle.  The  radicle  is  generally 
close  to  the  hilum.  Some  abnormal  forms  occur  in  the  Order 
such  as  Nicandra  and  Jaborosa,  as  well  as  a  few  species  and 
varieties  belonging  to  other  genera  in  which  the  ovary  is  three- 
to  five-celled. 

The  two  cells  of  the  ovary  are  subdivided  by  the  develop- 
ment of  spurious  septa  in  Datura,  Solandra,  and  Grabowskia. 
The  ovules  are  few  in  the  last  named  genus  and  solitary  in  each 
cell  of  Sclerophylax,  the  latter  being  very  anomalous  in  other  re- 
spects, including  the  one-  to  two-seeded  indehiscent  fruit.  The 
fleshy  fruit  of  Grabowskia  contains  four  woody  pieces,  each 
with  one  or  two  seeds.  The  capsules  of  Hyoscyamus,  Sco- 
polia  and  Physochlaina  dehisce  by  an  operculum.  The  fruits 
of  some  species  of  Oestrum,  Lycium  and  Ketzia  are  baccate 
and  contain  but  few  seeds  or  sometimes  only  one. 

Two  leading  types  of  embryo  are  met  with  in  the  Order, 
namely,  the  subperipherical  and  more  or  less  curved  form, 
and  a  nearly  straight  flat  embryo.  A  very  common  tj-pe  is 
that  represented  by  Datura  Stramonium  which  has  a  terete 
embryo  surrounding  the  periphery,  but  slightly  within  the 
endosperm  of  the  flattened  and  reniform-orbicular  seed.  The 
semiterete  cotyledons  lie  in  the  narrow  jalane  of  the  seed 
which  has  a  crustaceous  testa.  The  hilum  is  situated  in  a 
.deep  cavity  at  the  base  of  the  seed.  A  transverse  section 
shows  the  radicle  and  the  cotyledons,  the  latter  being  cut 
through  once  or  twice.  A  similar  section  of  Solanum  Dul- 
camara often  shows  the  radicle  cut  through  twice,  and  the 
short  cotyledons  only  once.  S.  capsicastrum  has  an  embryo 
considerably  less  curved,  and  the  reniform  and  much  com- 
pressed seed  is  girt  by  a  woody  mass  on  each  edge.  The 
flattened  and  reniform  seed  of  Datura  Stramonium  may  be 
compared  with  that  of  Barleria  repens  which  has  a  large 
embryo  with  flattened  orbicular  cotyledons.  The  seed  of  tlie 
.latter  is  orbicular,  exalbuminous,  and  belongs  to  the  Acan- 
thacese.  The  seed  of  Nicotiana  rustica  is  subreniform,  and 
contains  an  embryo  much  less  curved  and  forming  only  a 
semicircle. 

The  seed  of  Oestrum  fasciculatum  is  amphitropous  and 
dorsally  much  compressed.     It  contains  a  nearly  straight 
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embi-yo  with  broadly  ovate  or  subtriangular  cotyledons.  The 
terete  radicle  is  slender  and  nearly  twice  as  long  as  the  coty- 
ledons. The  seed  is  attached  ventrally  to  the  placenta,  and 
is  more  or  less  angled  by  mutual  pressure  with  its  fellows. 

Seedlings. — The  cotyledons  are  all  of  simple  types  and  vary 
from  subulate  to  linear,  lanceolate,  oblong,  ovate,  oval,  and  sub- 
orbicular.  Species  with  emarginate  cotyledons  occur  only 
where  the  latter  are  short  and  broad.  The  commonest  type 
is  lanceolate  or  narrowly  oblong  in  accordance  with  their  shape 
while  yet  m  the  seed. 

One  of  the  most  typical  forms  is  represented  by  Lycoper- 
sicum esculentum  and  Solanum  Fontanesianum  (fig.  544) 
which  have  lanceolate  cotyledons.  In  the  first  named  the 
cotyledons  are  hairy  and  one-nerved.  In  S.  Fontanesianum 
they  are  glabrous  with  the  exception  of  the  petiole.  The  coty- 
ledons of  S.  Jacquinii  are  more  broadly  lanceolate,  mdis- 
tinctly  penninerved  and  finely  pubescent.  A  species  of 
Capsicum  (fig.  545)  is  notable  for  the  great  size  of  its  coty- 
ledons, the  length  of  the  petiole,  and  the  three  pahs  of  nerves 
in  the  lamina  ascending  at  an  acute  angle. 

A  slightly  different  form  is  met  with  m  Solanum  Dulcamara 
which  has  narrowly  oblong,  obtuse,  one-nerved  cotyledons.  The 
widest  cotyledons  noticed  are  those  of  Solanum  qmtoense, 
which  are  broadly  ovate  and  glandular-hau-y  on  both  surfaces. 

The  cotyledons  of  species  belongmg  to  the  tribes  Cestrmes 
and  Salpiglossidse  present  a  number  of  short,  wide,  and  often 
emarainate  cotyledons  more  characteristic  of  the  Scrophu- 
larinefe  than  of  the  Solanacese  proper,  and  owe  their  shape  m 
great  part  to  that  of  the  seed.  Where  emargmate  cotyledons 
occur  thev  probably  owe  this  modification  to  gi'owth.  Bi-ow- 
allia  elata  (fig.  549)  presents  a  type  very  unlike  the  rest  of 
the  Order  The  cotyledons  are  oblate,  that  is,  transversely 
oblong.  They  are  also  very  small,  one-nerved  and  distinctly 
emarginate.  The  first  two  leaves  are  small,  oblong-ovate, 
deeply  and  bluntly  serrate. 

Lycopersicum  esculentum,  Miller. 

Primary  root  tapering  vertically  downwards  or  diverging  at  an 
obtuse  angie,  giving  off  lateral  adventitious  rootlets. 
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EypocoUjl  variable  in  length,  3  cm.  or  more,  1'5  mm.  thick, 
terete,  coarsely  pubescent  or  hairy.  _  • 

Cotyledons  oblanceolate-linear,  obtuse,  entire,  tapering  towards 
the  broad  clasping  base,  8-3  cm.  long,  3-4  mm.  wide,  hairy. 

Stem  terete,  coarsely  hairy,  about  1  mm.  thick  when  showing 
two  leaves  above  the  cotyledons,  but  rapidly  becoming  much  stouter  ; 
1st  internode  8  mm.  long  ;  2nd  almost  suppressed,  thus  bringing 
the  first  two  leaves  nearly,  but  not  quite,  opposite  ;  3rd  and  4th 
gradually  longer. 

Leaves  cauline,  alternate,  exstipulate,  petiolate,  more  or  less 
pinnatisect,  coarsely  hairy  and  glandular-rugose. 

No.  1.  Unequal  at  the  base,  consisting  of  a  large  terminal 
unequally  trilobed  segment,  and  a  small,  oval,  entire,  obtuse 
lateral  one. 

No.  2.  More  perfect;  terminal  segment  ovate,  trilobed;  lobes 
obtuse  ;  basal  pair  small,  lanceolate. 

No.  3.  Pinnately  trisect ;  terminal  segment  triangularly  ovate, 
shallowly  trilobed,  subcordate  at  the  base ;  lateral  segments 
narrowly  ovate,  obtuse,  cordate  at  the  base  and  falcately  curved, 
entire. 

No.  4.  Pinnately  four-sected  ;  the  terminal  and  the  lowermost 
segments  solitary. 

No.  5.  Pinnately  five-sected  ;  basal  pair  of  segments  small, 
ovate,  entire,  obtuse,  cordate  at  the  base  ;  middle  pair  ovate,  elon- 
gate, entire,  obtuse,  cordate  at  the  base ;  terminal  segment  ovate- 
elongate,  obtuse,  shallowly  lobed,  somewhat  twisted  towards  the 
top. 

No.  6.  Similar ;  the  two  lateral  pairs  ovate,  obtuse,  entire, 
unequally  subcordate  at  the  base  ;  terminal  one  much  larger,  ovate, 
elongated,  obtuse,  shallowly  lobed  and  somewhat  involute  at  the 
margins  longitudinally  on  the  upper  entire  part ;  petiole  terete,  stout, 
furrowed  somewhat  on  the  upper  side. 

Stem,  leaves  and  petioles  are  covered  with  two  kinds  of  hairs  at 
least  in  the  younger  state  ;  longer  hairs  coarse  and  non-glandular  ; 
shorter  hairs  fine  and  tipped  with  glands. 

Ultimate  leaves  irregularly  and  interruptedly  pinnatisect ;  seg- 
ments stalked,  not  articulate  (therefore  not  pinnate),  obtuse  or  sub- 
acute, opposite ;  lowest  pair  usually  small,  ovate,  entire  ;  second 
pair  oblong,  ovate,  pinnatifid  or  coarsely  dentate ;  third  pair  very 
small,  ovate,  scarcely  opposite  ;  fourth  pair  oblong-ovate,  shallowly 
lobed,  very  unequal  at  the  base  ;  fifth  pair  very  small,  oval,  alter- 
nate ;  terminal  leaflet  or  segment  oblong,  pinnatifid. 

The  adult  leaves,  moreover,  are  extremely  variable  in  size  in  the 
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division  of  the  lamina  as  well  as  its  component  parts.  This  variation 
depends  greatly  on  the  luxuriance  of  the  plant  or  otherwise,  brought 

about  by  cultivation. 

Solanum  Fontanesianum,  Dim.  (fig. 
544). 

Primary  root  slender,  oblique, 
colourless,  with  many  slender,  branched, 
fibrous,  lateral  rootlets. 

Hypocotyl  succulent,  2  cm.  long, 
1  mm.  thick,  terete,  glabrous,  colour- 
less, with  the  petioles  of  cotyledons 
forming  a  kind  of  sheath  around  the 
base  of  the  stem. 

Cotyledons  stalked,  1-5-2  cm.  long, 
4  mm.  wide,  lanceolate,  tapering  to 
the  base,  acute  at  the  apex,  glabrous 
except  the  pubescent  petiole,  with  sunk 
midrib,  succulent  although  thin,  yel- 
lowish-green, not  very  persistent. 

Stem  succulent,  terete,  ciliate, 
colourless  ;  1st  internode  5  mm.  long, 
1  mm.  thick. 

Leaves  simple,  cauHne,  alternate, 
exstipulate,  petiolate,  alternately  and 
ascendmgly  penninerved,  pubescent,  hairy,  setose  and  bristly  or 
subspiny,  membranous,  pale  green  ;  petiole  semiterete,  channeUed 
above,  hirsute. 

No.  1.  2-5  cm.  long,  7*5  mm.  wide,  oblong,  obhque  and  cuneate 
at  the  base,  rounded  at  the  apex,  with  a  sinuate  margm,  alternately 
penninerved,  hirsute,  pubescent,  thin,  hght  green  ;  petiole  l-2o 
cm.,  semiterete,  shallowly  channelled,  pubescent  or  ciHate. 

Nos.  2  and  3.  Similar,  but  scolloped  or  repandly  pinnatifid,  and 
showing  a  few  spines  on  the  midrib  and  primary  nerves. 

Solanum  Dulcamara,  L. 

Primary  root  tapering  finely,  flexuose,  with  a  few  similar  root- 

^^^^'mjvocotyl  as  in  last  species,  but  dull  green,  ultimately  woody. 

Cotyledons  oblong,  obtuse,  tapering  to  the  base,  glabrous ; 
lamina  1-4  cm.  long,  5-5  mm.  wide  ;  petiole  somewhat  grooved 

above,  5  mm.  long. 

Stem  erect  at  first,  ultimately  decumbent  or  traihng,  flexuose, 


Fig.  544. 
Solanum  Fontanesianum. 
Two-thirds  nat.  size. 
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succulent,  ultimately  woody,  dull  green,  pubescent ;  1st  internode 
4  mm.  long ;  2nd  5  mm. ;  3rd  5  mm. ;  4th  6  mm. 

Leaves  thinly  pubescent  and  ciliate,  ultimately  glabrescent  except 
at  the  margin,  where  the  hairs  are  more  persistent ;  petioles 
channelled  on  the  upper  side  tapering  downwards  from  their  point 
of  insertion. 

No.  1.  Ovate,  entire,  obtuse,  cuneate  at  the  base. 

No.  2.  Cordate-ovate,  obtuse,  entire,  having  ascending  incurved 

nerves. 

No.  3.  Cordate-ovate,  sHghtly  unequal  at  the  base,  obtuse. 
No.  4.  Ovate,  acute,  unequal  at  the  base. 

Ultimate  leaves  more  or  less  pubescent  but  variable,  cordate- 
ovate,  subacuminate,  obtuse,  equal  or  unequal  at  the  base ;  other 
forms  are  triangular-ovate,  acuminate,  obtuse,  deeply  pinnatifid  at 
the  base  with  two  to  three  basal  lobes,  and  a  large,  ovate,  acuminate, 
terminal  lobe;  lateral  lobes  obliquely  oblong,  or  ovate,  obtuse, 
binerved. 

Solanum  giganteum,  Jacq. 

EypocoUjl  finely  pubescent,  light  green  or  colourless. 

Cotyledons  ovate  lanceolate,  acute,  entire,  ciHate,  shortly  petio- 
late,  minutely  pubescent,  hght  green,  indistinctly  pinnatmerved  Hke 
the  leaves. 

Stem  erect,  terete,  herbaceous,  pubescent,  light  green  ;  1st  inter- 
node 2-4  mm.  long.  ■  1 1  j 

First  leaves  ovate-oblong,  acute  or  subobtuse,  ciHate,  sprinkled 
over  with  a  few  short  hairs,  Hght  green,  distinctly  pinnatinerved. 

Solarium  Jacquinii,  Willd. 

Hypocotyl  as  in  S.  giganteum,  but  3-4  cm.  long. 

Cotyledons  lanceolate,  acute,  unequal,  petiolate,  minutely  pubes- 
cent with  distinct  midrib  and  indistinct  lateral  nerves. 

Stem  as  in  S.  giganteum  ;  1st  internode  4-5  mm.  long. 

First  leaves  lanceolate-ovate,  serrate,  acute,  pubescent,  Hght 
green,  distinctly  pinnatinerved.    Subsequently  they  become  lyrate. 

Solanum  quitoense,  Lam. 

Primary  root  comparatively  short,  tapering  downwards  and 
branched. 

Hijpocotyl  glandular-pubescent  or  hairy,  1-3-1-5  cm.  long.^ 
Cotyledons  broadly  ovate,  acute  or  subacute,  glandular-hairy  on 
both  surfaces,  with  a  distinct  midrib ;  lamina  1-1'2  cm.  long, 
6-8  mm.  wide  ;  petioles  channelled  above,  4  mm.  long. 
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Stem  with  the  primary  internodes  undeveloped. 
Leaves  radical  as  well  as  cauline,  densely  glandular-hairy,  in- 
curvinerved  ;  petiole  rather  deeply  channelled  above. 
No.  1.  Broadly  ovate,  obtuse,  entire. 
No.  2.  Cordate-ovate,  obsoletely  angled  at  the  sides. 

Capsicum  sp.  (fig.  545). 

Hypocotyl  erect,  terete,  thinly  pubescent  or  nearly  glabrous, 
pale  green,  2-2-5  cm.  above  the  soil. 

Cotyledons  oblong-lanceolate,  acute,  tapering  considerably  to 
both  ends,  foliaceous,  subfleshy,  with  a  few  alternate  ascending 

nerves,  hardly  discernible  except  on  the 
under  side,  glabrous  or  very  thinly 
pubescent,  deep  shining  green  above, 
pale  beneath,  6-8-4  cm.  long  including 
the  petiole,  5-7-5  mm.  at  the  widest 
part ;  petioles  long,  semiterete,  shghtly 
channelled  above,  pale  green,  thinly 
glandular-pubescent. 

Stem  erect,  terete,  striate,  thinly 
pubescent  with  upcurved  hairs,  pale  or 
light  green  ;  1st  internode  2-2-4  cm. 
Fig.  us -Capsicum  sp.        ^        gnd  l'4-l-8  cm. ;  3rd  1-3-1-5  cm. 

One-fourth  nat.  size.  -^"-"S  '  ' 

Leaves  simple,  cauhne,  alternate, 
exstipulate,  petiolate,  alternately,  irregularly,  ascendingly  mcurvi- 
nerved,  faintly  reticulate,  thinly  pubescent  on  the  nerves  or  gla- 
brous, thinly  interspersed  with  sessile  glands  when  very  young,  deep 
shining  green  above,  paler  beneath  and  shining,  suddenly  narrowed 
to  a  cuneate  base,  or  even  decurrent  on  the  petiole ;  petiole  semi- 
terete,  shallowly  channelled  on  either  side  of  a  central  obtuse  ridge, 
slightly  winged  at  the  upper  end,  pale  green,  thinly  glandular- 
pubescent. 

No.  1.  Narrowly  ovate,  acuminate,  obtuse,  minutely,  erosely  and 
irregularly  dentate  at  the  margin. 

No.  2.  Larger,  similar  or  oblong-ovate,  acuminate,  obtuse, 
erosely  dentate  Uke  the  first. 

Nos.  8-7.  Lanceolate,  acuminate,  obtuse  or  subacute,  often 
rather  irregular  in  outline,  pubescent  at  the  margin,  almost  or  quite 
entire. 

Lycium  afrum,  L. 

Hypocotyl  erect,  terete,  glabrous,  2-8  cm.  long,  light  green  or 
colourless. 
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Cotyledons  thick,  fleshy,  linear-oblong,  obtuse,  tapenng  to  the 
base,  entire,  glabrous,  one-nerved,  with  young  buds  m  their  axils. 

Stem  erect,  terete,  glabrous,  herbaceous,  ultimately  woody, 
internodes  from  7-5-10  mm.  long. 

First  leaves  simple,  entire,  alter- 
nate, fleshy,  oval,  obtuse,  petiolate, 
glabrous,  one-nerved  like  the  coty- 
ledons, exstipulate,  but  some  of 
them  have  a  small  stipule-like  leaf 
at  the  base. 

Datura  gigantea.  Hart.  (fig. 
546). 

Primary  root  long,  taperuag, 
colourless,  giving  off  a  few  adven- 
titious rootlets,  annual. 

Hypocotyl  herbaceous,  succu- 
lent, erect,  terete,  glabrous,  purple, 
and  shining,  about  3  cm.  long, 
2-4  cm.  thick,  when  the  plant  has 
developed  two  or  three  leaves. 

Cotyledons  linear,  obtuse,  peti- 
olate, glabrous,  succulent,  one- 
nerved;  lamina  2' 5  cm.  long,  4  mm. 
wide  ;  petiole  7*5  mm.  long. 

Stem  herbaceous,  succulent,  erect,  terete,  glandular  when  young, 
ultimately  glabrescent,  green,  stained  with  purple  ;  1st  internode 
9  mm.  long  ;  2nd  2  mm. 

Leaves  simple,  cauline,  alternate,  exstipulate,  petiolate,  hairy  on 
both  surfaces  when  young,  glabrescent  when  mature,  alternately 
penninerved,  deep  green  stained  with  purple,  at  least  in  the  young 
state. 

No.  1.  Ovate-oblong,  obtuse,  entire,  cuneate  at  the  base. 

No.  2.  Triangular-ovate,  subacute,  subtruncate  at  the  base,  with 
two  angles  or  blunt  teeth  on  each  side,  foreshadowing  lobing. 

No.  3.  Oblong,  subacute,  constricted  near  the  base,  trilobulate 
on  each  side. 

Ultimate  leaves  large,  triangular-cordate,  subacuminate,  obliquely 
pointed,  lobulate  and  coarsely  dentate,  slightly  unequal  and  trinerved 
at  the  base,  with  strong,  branching,  alternate  nerves  above,  reticu- 
late, pubescent  on  both  surfaces;  petiole  terete  with  a  shallow 
groove  above  the  base  on  the  upper  side. 


Fig.  546. — Datura  gigantea 
Half  nat.  size. 
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Oestrum  Parqui,  L'Herit.  (fig.  547). 

Primary  root  long,  stout,  with  fine  lateral  rootlets. 
Hypocotyl  erect,  terete,  thinly  pubescent,  pale  green. 

Cotyledons  broadly  oval,  ob- 
tuse, "with  a  broad  shallow  sinus 
at  the  apex,  petiolate,  obscurely, 
alternately  incurvinerved  and 
reticulate,  with  the  midrib  and 
two  laterals  proceeding  from 
above  the  base  much  stronger 
than  the  rest,  glabrous  except  on 
the  midrib  beneath,  membranous, 
pale  green ;  lamina  1"9-2"1  cm. 
long,  and  1-5-1-6  cm.  wide  ; 
petiole  semiterete,  flattened 
above,  pubescent. 

Stem  erect,  terete,  pubescent ; 
1st  internode  4*5  mm.  long. 

Leaves  simple,  entire,  cauline, 
alternate,  exstipulate,  petiolate, 
glabrous  except  the  midrib  be- 
neath and  the  petiole  which  are 
somewhat  pubescent,  alternately 
incurvinerved  and  reticulate ; 
petiole  semiterete,  grooved 
above,  short  in  the  seedling 
stage. 

Nos.  1  and  2.  Cordate,  cus- 
pidate, obtuse,  smaller  than  the 
Fig.  U7.—Cestrum  Parqui.    Nat  size.  cotyledons. 

Cestrum  elegans,  Schlecht. 

Hypocotyl  erect,  terete,  glabrous,  8-10  mm.  long,  light  green. 

Cotyledons   ovate-rotund,  obtuse,  entire,   petiolate,  glabrous 
light  green,  without  any  apparent  venation  ;  petioles  short,  flat, 
shallowly  furrowed  on  the  upper  side. 

Stem  erect,  terete,  herbaceous,  ultimately  woody ;  1st  mternode 
5-7  mm.  long ;  2nd  and  3rd  shorter. 

First  leaves  simple,  entire,  cauline,  alternate,  broadly  lanceolate, 
almost  acuminate,  acute,  hairy  when  young,  afterwards  clothed 
with  a  very  minute  bloom,  petiolate,  exstipulate,  green,  pinnati- 
nerved  ;  petioles  short,  furrowed  on  the  upper  side. 
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Schizanthus  retusus,  Hook.  (fig.  548). 

Primary  root  long,  tapering,  stout,  colourless,  with  a  few  lateral 

fibres,  annual.  i     i  • 

Htjyocotyl  mostly  subterranean,  glabrous,  terete,  colourless  m 

the  lower  half,  purple  above,  1-5  cm.  long. 


Pig.  548. — Schizanthua  retusus.   Nat.  size. 

Cotyledons  fohaceous,  bright  green,  glabrous,  petiolate  ;  lamina 
subulate-oblong,  obtusely  pointed,  1  cm.  long,  3-5  mm.  wide ; 
petiole  convex  beneath,  grooved  above,  7  mm.  long. 

Stem  annual  and  developed  when  about  to  flower. 

Leaves  pinnatisect,  radical  and  cauline,  opposite  at  least  in  seed- 
Hng,  exstipulate,  petiolate,  bright  green,  shghtly  pubescent  when 
young,  glabrescent ;  petioles  channelled  above,  convex  beneath, 
dilated  at  the  base. 

First  pair  slightly  unequal,  pinnatisect  at  the  base,  pinnatifid 
upwards,  ovate  in  outline,  obtuse  ;  segments  entire  or  slightly 
toothed. 

Second  pair  ovate-oblong  in  outline,  pinnatisect ;  lateral  seg- 
ments oblong,  serrate  ;  terminal  lobe  trifid  with  mostly  entire 
segments. 

Third  pair  similar  but  much  more  cut,  with  subphmatifid  seg- 
ments. 
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Browallia  data,  L.  (fig.  549). 

Primary  root  small,  tapering  downwards,  with  lateral  fibres, 
annual. 

Hypocotyl  about  1  cm.  long,  -5  mm.  thick,  terete,  slender, 
pubescent. 

Cotyledons  nearly  equal,  petiolate,  5  mm.  long  including  the 


Fig.  549.  —Browallia  elata.    Nat.  size. 

petiole,  3-5   mm.  wide,  oblate,   emarginate,   obscurely  nerved, 
slightly  pubescent,  pale  green. 

Stem  very  short,  until  it  commences  to  grow  for  flowering. 
Leaves  simple,  cauline,  alternate,  exstipulate,  petiolate,  alter- 
nately incurvinerved  and  reticulate,  hairy  all  over,  membranous, 
deep  green  above,  paler  beneath. 

Nos.  1  and  2.  About  4  mm.  long,  3  mm.  wide  at  first,  ovate, 

deeply  serrate,  rounded  at  the  base 
and  apex,  hairy  all  over,  distinctly 
incurvinerved  and  reticulate,  bright 
green,  thin. 

Brunfelsia  sp.  (fig.  550). 

Hypocotyl  woody,  erect,  terete, 
pubescent,  soon  becoming  grey  and 
throwuig  off  the  epidermis,  about 
1-8  cm.  above  the  soil. 

Cotyledons  large,  foliaceous,  ro- 
tund-obovate,  emarginate,  coriaceous, 
petiolate,  deep  green  above  and 
thinly  hairy,  pubescent  beneath,  shin- 
ing on  both  sides;  lamina  variable 
in  size  from  1-5-1-9  cm.  long,  1-5- 
1-8  cm.  wide. 

Stem  woody,  erect,  terete,  pubes- 
cent, pale  green  mottled  with  purple ;  1st  iuternode  8  mm.  long ; 
2nd  6  mm. ;  3rd  9  mm. ;  4th  8  mm. ;  5th  10  mm. ;  6th  7  mm. 

Leaves  simple,  entire,  cauline,  alternate,  exstipulate,  petiolate, 
thinly  glandular-pubescent  on  both  sides,  coriaceous,  shining,  deep 


Fig.  550. — Brunfelsia  sp. 
Half  nat.  size. 
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or  bright  green  above,  paler  beneath  ;  petioles  short,  channelled 
above,'convex  on  the  back,  densely  glandular-pubescent,  brownish. 

Nos.  1-8.  Elliptic,  obtuse,  tapering  most  to  the  base. 

Nos.  4-8.  Lanceolate-elliptic,  obtuse,  tapering  more  or  less  to 
both  ends. 


SCROPHULARINEJ^:. 

Benth.  et  Hook.  Gen.  PI.  ii.  913. 

Fridt  and  Seed. — The  ovary  is  superior  and  two-celled, 
sometimes  imperfectly,  with  large  placentas  adnate  to  the 
septa,  or  stalked  and  peltate  or  bipartite.    The  ovules  are 
usually  very  numerous  in  each  cell,  rarely  reduced  to  two,  and 
cover  the  placentas  in  many  series.    They  are  anatropous  or 
amphitropous,  both  types  sometimes  occurring  even  in  one 
genus.    The  fruit  is  capsular,  rarely  baccate.     During  dehis- 
cence the  placentas  are  left  in  the  centre  where  they  form  a 
column,  or  they  are  liberated  from  the  septa,  or  at  other  times 
remain  adnate  to  valves  carrying  two  half-septa  each.  The 
seeds  are  usually  very  numerous  with  a  basal  or  ventral 
hilum  and  sessile,  or  they  have  a  short  and  slender  or  some- 
times a  dilated  funicle  hidden  by  the  incurved  margin.  The 
testa  is  membranous  or  crustaceous  and  reticulate,  foveolate, 
strongly  ribbed  or  pitted,  rarely  smooth  ;  in  some  cases  it  is 
hyaline  and  loose,  while  the  endosperm  is  covered  with  a 
thin  inner  integument.    Endosperm  is  generally  copious  and 
fleshy,  rarely  reduced  to  a  thin  layer  or  almost  wanting. 
The  embryo  is  comparatively  large,  and  varies  from  half  to 
nearly  the  whole  length  of  the  endosperm ;  rarely  minute ; 
it  is  generally  straight  but  sometimes  slightly  curved,  very 
rarely  curved  in  the  form  of  a  ring.     The  cotyledons  are 
shorter  or  longer,  but  not  as  a  rule  very  much  broader  than  the 
radicle  which  is  superior  or  horizontal  and  directed  towards 
the  hilum. 

Some  cases  occur  in  the  Order — as  in  Melampyrum, 
Tozzia,  Leptorhabdos,  and  a  few  species  of  Veronica — where 
the  ovary  has  two  ovules  in  each  cell.    The  fruit  is  baccate 
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in  Teedia,  Dermatocalyx,  Halleria,  and  Leucocarpus,  and 
the  one-seeded  capsule  of  Tozzia  dehisces  rather  tardily. 
Endosperm  is  very  scanty  in  Melosperma  and  a  few  others ; 
and  is  altogether  wanting  in  Monttea  and  Wightia. 

The  seeds  are  generally  numerous  and  comparatively 
small ;  but  sometimes  large  and  much  modij&ed  in  form.  One 
of  the  simplest  types  is  that  occurring  in  Scrophularia  nodosa. 
The  seed  is  oblong  or  oval,  undulated  or  rugose  on  the  surface. 
The  embryo  is  nearly  as  long  as  the  endosperm  with  narrowly 
oblong  cotyledons,  shorter  than  the  radicle.  The  seed  of 
Pedicularis  gracilis  is  obovoid  and  reticulate  with  the  reticu- 
lations considerably  elevated  so  as  to  form  deep  areolae.  The 
embryo  is  three-fourths  the  length  of  the  seed,  and  the  coty- 
ledons are  roundly  oval,  about  equalling  the  radicle  in  length. 
The  seeds  of  Collinsia  violacea  are  broadly  oval  and  flattened 
or  slightly  concave  on  the  ventral  face  on  which  the  hilum 
is  situated. 

The  seeds  of  Paulownia  imperiahs  are  small,  oblong,  very 
numerous,  and  girt  by  a  broad  hyaline  lacerated  wmg  re- 
sembling a  number  of  distinct  appendages. 

At  least  three  very  distinct  types  are  met  with  in  the  genus 
Linaria.  The  seeds  of  L.  vulgaris  (fig.  552)  are  pendulous, 
anatropous,  much  flattened  with  the  testa  produced  into  a 
wing  all  round  the  margin  except  at  the  hilum  where  they 
are  notched.  The  embryo  is  as  long  as  the  endosperm,  and 
hes  in  the  broader  plane  of  the  seed.  The  cotyledons  are  oval- 
oblong,  shorter  but  much  wider  than  the  radicle,  wdth  their 
backs^'to  the  placental  axis,  but  nearly  always  more  or  less 
obhque  to  it  as  if  they  had  become  twisted  into  this  position 
owing  to  the  flattening  of  the  seed. 

The  ovules  of  L.  genistifoha  are  horizontal  and  anatropous, 
while  the  mature  seeds  are  oblong-obovoid  and  variously 
angled  by  being  densely  packed  ;  they  are  always  broadest  at 
the  end  abutting  on  the  pericarp.  The  embryo  is  straight 
and  nearly  equals  the  endosperm  in  length,  and  the  ova 
plano-convex  cotyledons  have  their  longitudinal  axis  at  right 
angles  to  the  placental  axis.  The  latter  character,  however, 
varies  somewhat  according  to  the  position  of  the  seed  on  the 
placenta.    In  general  characters,  L.  Cymbalaria  (fig.  o54) 
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agi-ees  with  L.  genistifolia,  but  the  seeds  are  globoso-ovoid, 
and  the  crustaceous  testa  is  deeply  ridged  and  furrowed  longi- 
tudinally. The  embryo  is  little  more  than  half  the  length 
of  the  endosperm  and  has  very  short  cotyledons.  In  L.  re- 
ticulata the  seed  is  slightly  curved  and  transversely  ridged. 
The  embryo  is  also  sHghtly  curved  in  conformity  with  the 
seed. 

A  third  type  is  represented  by  L.  purpurea  andL.  repens. 
The  seeds  are  peltate  and  transverse  to  the  placenta,  oval 
in  outlme,  somewhat  compressed  dor  sally,  and  variously  angled 
bv  mutual  pressure.  The  testa  is  thick,  crustaceous,  variously 
ridged,  furrowed,  and  reticulate.  The  embryo  is  straight, 
nearly  equalling  the  endosperm  in  length,  while  the  oval 
eotyledons  are  much  shorter  than  the  terete  radicle. 

A  somewhat  similar  variation  of  the  seeds  is  met  with  in 
the  genus  Veronica.  Four  different  types  have  come  under  my 
notice.  The  simplest  is  that  met  with  in  V.  serpyllifolia  (fig. 
567).  The  seeds  are  anatropous,  but  the  radicle  may  be 
superior,  horizontal  or  inferior  according  to  the  position  of 
the  seed  on  the  elevated  cushion-like  placenta.  The  seeds  are 
also  very  minute  and  much  flattened,  but  in  transverse  section 
oval  or  oblong  according  to  their  stage  of  maturity  and  other 
causes.  The  embryo  varies  from  one-half  to  three-fourths 
the  length  of  the  endosperm,  and  the  short  cotyledons  are 
scarcely  wider  than  the  radicle. 

The  ovules  of  V.  arvensis  are  amphitropous  and  the  seeds 
.(fig.  562)  peltate,  dorsally  flattened,  variable  in  outline  owing 
to  mutual  pressure  and  overlapping  one  another.  The  ventral 
face  is  somewhat  concave  with  a  central  elevation  on  which 
the  hilum  is  situated.  The  embryo  is  more  than  half  the 
length  of  the  endosperm,  with  ovate  cotyledons  much  shorter 
than  the  radicle.  V.  salicifolia  agrees  pretty  closely  with 
V.  arvensis  notwithstanding  the  fact  that  the  former  is  an 
erect  shrub,  while  the  latter  is  a  procumbent  annual  herb. 
The  seeds  are  however  slightly  less  elevated  on  the  ventral 
face,  and  the  embryo  is  considerably  shorter. 

The  ovules  of  Veronica  Buxbaumii  are  pendulous,  hori- 
zontal or  ascending,  and  semianatropous,  and  the  hilum  varies 
accordingly.    The  seeds  (fig.  563)  vary  from  eight  to  twelve 
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in  each  cell,  and  are  oblong,  rounded  at  either  end,  deeply 
concave  on  one  face  and  deeply  ridged  and  furrowed  on  the 
dorsal  or  convex  aspect.  The  short  funicle  is  partly  bidden 
at  one  end  of  the  groove.  The  embryo  is  very  similar  to  that 
of  V.  salicifoha,  but  relatively  to  the  seed  is  very  much 
shorter. 

A  fourth  type  occurs  in  V.  hedersefolia  (fig.  564)  which 
bears  only  two  ovules  in  each  cavity  of  the  ovary.  The  seed 
is  large  compared  with  any  of  the  above,  V.  Buxbaumii  excepted : 
it  is  deeply  concave  on  the  ventral  face  by  the  inrolling  of  the 
edges  and  the  stout  funicle  arising  from  the  centre  of  the 
cavity  is  almost  or  quite  concealed;  The  seed  both  in 
longitudinal  and  transverse  section  greatly  resembles  that  of 
a  species  of  Galium.  The  embryo  is  much  larger  than  that 
of  V.  Buxbaumii,  situated  at  the  iipper  end  of  the  seed,  and 
slightly  curved  in  conformity  with  it. 

In  Melampyrum  the  seeds  closely  resemble,  m  form, 
size  and  colour,  the  pupse  of  Ants ;  and  I  have  observed  that, 
whether  by  mistake  or  design,  they  are  sometimes  carried  off 
by  Ants  into  their  nests.  It  is  possible  therefore  that  the 
similarity  may  be  of  use,  as  assisting  in  their  dispersion. 

Seedlings.— The  cotyledons  in  this  Order  are  generaUy 
moderate  in  size,  and  sometimes  even  small.  The  largest 
observed  are  some  of  the  annual  species  of  Veronica,  the  seeds 
of  which  are  large  and  few  in  a  capsule.  They  also  become 
greatly  elongated  in  many  species  of  Linaria  by  mtercalary 
growth  after  germination.  They  are  always  of  simple  types, 
and  about  half  a  dozen  rather  distinct  kinds  were  observed. 

The  cotyledons  of  Veronica  salicifolia  are  ovate  or  almost 
lanceolate  and  very  small.  The  first  two  pairs  of  leaves  ai-e 
small,  lanceolate  and  entire.  Succeeding  ones  are  more  or 
less  serrate  and  gradually  increase  in  size,  but  retam  the 
same  shape  The  ultimate  ones  are  oblong-lanceolate,  serrate 
and  trinerved.  The  cotyledons  of  an  unnamed  species  of 
Scrophularia  are  lanceolate  and  rather  elongated.  The  first 
pair  of  leaves  are  broadly  ovate  and  entne. 

Scrophularia  chrysantha  may  serve  as  a  type  with  broadly 
ovate  and  entire  cotyledons.  The  first  pair  of  leaves  are 
elliptic,  and  entire.    The  cotyledons  of  Ehodochiton  volubile 
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(fig.  556)  are  very  similar.  The  first  two  pairs  of  leaves  are 
cordate  and  serrate,  succeeded  by  three  pairs  which  are  larger, 
more  acuminate,  and  very  unequally  serrate.  An  unnamed 
species  of  Pedicularis  differs  in  having  smaller  and  more 
obtuse  cotyledons.  The  first  pair  of  leaves  are  ovate-oblong, 
shallowly  pinnatifid  with  rounded  serrulate  lobes. 

The  cotyledons  of  Calceolaria  chehdonioides  (fig.  551)  are 
very  small,  suborbicular  and  entire.  The  first  two  pairs  of 
leaves  are  broadly  ovate  and  serrate ;  the  third  pair  are  tri- 
angular and  pinnatifid.  Linaria  Cymbalaria  (fig.  555)  differs 
very  much  from  all  other  species  of  the  genus  noticed.  The 
cotyledons  are  small,  rotund,  entire,  mucronate,  and  unequal 
m  size.  The  hypocotyl  remains  very  short  and  does  not 
develop  adventitious  buds  as  in  most  other  species.  Branches 
are,  however,  given  off  from  the  axils  of  the  cotyledons,  and 
the  stems  are  procumbent.  The  first  pair  of  leaves  are 
cordate-reniform  and  shallowly  crenate ;  but  the  second  pair 
are  rather  more  acutely  toothed. 

A  large  proportion  of  seedlings  have  suborbicular  and  emar- 
ginate  cotyledons.  Those  of  Collinsia  bicolor  (fig.  559)  are 
shallowly  tridentate,  and  three-  to  five-nerved,  but  the  venation 
is  descernible  only  when  the  cotyledons  begin  to  decay  or  dry 
up.  The  first  three  pairs  of  leaves  are  ovate,  serrate,  and 
subcordate  at  the  base.  C.  parviflora  and  C.  multicolor  agree 
pretty  closely  with  C.  bicolor,  except  that  the  cotyledons  are 
rather  more  decidedly  emarginate.  The  first  pair  of  leaves 
of  C.  parviflora  are  incipiently  trifid ;  those  of  C.  multicolor 
are  crenate  and  emarginate.  The  cotyledons  of  Paulownia 
imperialis  (fig.  558)  conform  to  this  type,  but  are  very  small. 
The  first  pair  of  leaves  are  roundly  ovate  and  distantly  dentate, 
succeeded  by  three  pairs  that  are  successively  much  larger, 
more  decidedly  cordate,  and  more  deeply  dentate.  Alonsoa 
incissefolia  has  the  cotyledons  and  hypocotyl  pilose,  and  the 
first  pair  of  leaves  are  incise-serrate  and  relatively  broader 
than  in  the  adult.  Veronica  Waldsteiniana  is  notable  for  its 
dwarfed  hypocotyl  and  the  breadth  of  the  first  pair  of  leaves. 
An  unnamed  species  of  Veronica  closely  allied  to  V.  hedereefolia 
18  notable  in  the  Order  for  the  size  of  its  cotyledons  which  are 
orbicular,  trinerved  throughout  their  length,  with  the  lateral 
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nerves  uniting  with  the  midrih  at  its  apex.  They  are  also  con- 
spicuously emargi'nate  with  a  tooth  in  the  notch.  The  first 
pair  of  leaves  are  suborbicular  and  deeply  incised  with  rounded 
teeth.  V.  hederffifolia  (fig.  566)  has  also  exceptionally  large 
cotyledons,  but  they  differ  somewhat  from  any  of  the  above  in 
being  oblong-oval  and  only  slightly,  if  at  all,  emarginate.  The 
large,  concave  seed  and  the  mode  of  germination  are  shown  in 
fig.  565.  Pentstemon  Mackayanus  has  entire  or  slightly 
emarginate  cotyledons,  and  the  first  pair  of  leaves  are  broadly 
ovate'^and  entire.  Another  slight  departure  from  the  type  is 
met  with  in  an  unnamed  species  of  Calceolaria,  where  the 
cotyledons  are  somewhat  broader  than  long,  and  the  two  first 
leaves  are  broadly  ovate  and  rather  acutely  serrate. 

The  seedling  of  Scrophularia  sambucifoha  (fig.  557)  closely 
resembles  that  of  some  species  of  Salvia.  The  cotyledons  are 
roundly  triangular  and  obtuse.  The  two  first  pahs  of  leaves 
are  cordate  and  crenate.  The  ultimate  leaves  are  interruptedly 
pinnatisect  and  lyrate;  the  lower  segments  are  smaU  and 
roundly  cordate  and  crenate,  while  the  terminal  one  is  very 
large  and  oblong-cordate;  minute  intermediate  segments  often 
occur  between  the  larger  ones.  The  cotyledons  of  Torenia 
Fournieri  (fig.  561)  are  emarginate  and  shghtly  cordate  at 
the  base,  but  otherwise  shaped  like  those  of  the  last  species. 
As  they  get  very  old  they  appear  to  lose  the  basal  smus  and  to 
become  more  reniform.    The  leaves  are  all  ovate  and  serrate. 

One  of  the  most  remarkable  types  is  that  m  which  the 
cotyledons  greatly  enlarge  by  intercalary  growth,  and  alter 
their  shape  after  germination,  as  happens  m  Streptocarpus, 
and  in  several  genera  belonging  to  the  Onagrarie^  already 
mentioned.    I  have  noted  it  in  Mimulus  luteus  (fig.  560)  and  in 
Linaria     The  cotyledons  of  the  former  are  triangular  and 
incipiently  trifid  when  full  grown.    The  terminal  tooth  repre- 
sents the  original  and  true  lamina  of  the  coty  edons  soon  after 
germination.    The  seedling  itself  is  dimorphic  accordmg  to 
circumstances.    If  it  has  plenty  of  room  to  develop  m  the 
seed-bed  the  primary  leaves  are  triangular,  ^^anle  the  intei- 
nodes  of  the  sLm  are  hardly  developed;  but  if  the  seedhngs 
are  crowded,  the  primary  internodes  elongate  considerably  and 
the  leaves  become  oval. 
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The  cotyledons  of  Linaria  become  greatly  elongated  and 
are  incipiently  trifid.  Those  of  L.  tristis  are  cuneate-linear. 
The  cotyledons  of  L.  genistifolia  are  lanceolate  or  ovate - 
lanceolate  and  slightly  constricted  about  the  middle.  The 
cotyledons  of  L.  striata  are  eUiptic  and  3-5-4-25  mm.  wide 
in  the  middle ;  and  the  primary  leaves  are  in  pairs.  Those 
of  L.  bipartita  (fig.  553)  are  linear  and  entire.  The  first  five 
pairs  of  lea.ves  are  lanceolate  and  trinerved  at  the  base. 

A  remarkable  pecuHarity  of  all  the  species  of  Linaria  noticed 
except  L.  Cymbalaria  is  that  the  hypocotyl  develops  a  group 
of  adventitious  buds  from  a  point  near  the  surface  of  the 
giound.  The  primary  stem  after  producing  a  few  pairs  of 
leaves  ceases  to  elongate.  The  adventitious  buds  or  a  number 
of  them  grow  strongly  and  soon  overtop  the  primary  axis  which 
they  supersede,  and  constitute  the  flowering  stems.  Both 
annuals  and  perennials,  with  the  exception  above  mentioned, 
behave  in  this  way.  The  cotyledons  often  bear  a  close  re- 
semblance to  the  leaves  of  the  primary  axis.  The  tip  above 
the  constriction  constitutes  the  original  and  true  lamina  of 
the  cotyledon ;  all  below  it  is  developed  as  a  result  of  inter- 
calary growth  subsequent  to  germination. 

Calceolaria  chelidoiiioides,  H.  B.  K.  (fig.  551). 

Primary  root  short,  tapering,  succulent  and  soft,  with  a  few 
lateral  fibres,  annual. 

Hypocotyl    succulent,    glandular  -  pubescent, 
merging  into  the  root. 

Cotyledons  small,  soon  withering,  pale  green, 
petiolate ;  petiole  1-5  mm.  long  ;  lamina  small, 
rotund,  2  mm.  in  diameter. 

Stem  erect,  soft,  succulent,  green  or  purplish 
by  exposure,  sparsely  glandular-pubescent ;  1st 
internode  2  cm.  long ;  2nd  3  mm. ;  3rd  5  mm. 

Leaves  simple,  cauline,  opposite,  exstipulate, 
petiolate,  glandular-pubescent  or  hairy,  deep  green 
above,  paler  beneath  ;  petioles  convex,  and  gla- 
brous on  the  under  side,  channelled  above  and 
glandular-hairy. 

First  pair  very  small,  ovate,  subacute,  serrulate. 

Second  pair  ovate,  subacute,  serrate,  much  larger  than  the  first 
pair. 


Fig.  551. 

Calceolaria 
chelidonioides. 
Nat.  size. 
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Third  pair  triangular,  subacute,  pinnatifid  at  the  base  with  the 
lobes  oblong,  obtuse,  and  like  the  upper  part  of  the  leaf  simply  or 
.  doubly  serrate. 

Alonsoa  incissefolia,  Buiz  et  Pav. 

Eypocotyl  erect,  terete,  pubescent  or  hairy,  1-5-2-5  cm.  long, 
light  green  or  colourless. 

Cotyledons  membranous,  ovate-rotund,  obtuse,  emargmate 
(though  very  young  ones  seem  almost  entire),  petiolate,  covered 
with  rather  long  glandular  hairs,  hght  green,  one-ner^'ed. 

Stem  erect,  terete,  herbaceous  ;  1st  internode  3-5  mm.  long. 

First  leaves  simple,  deeply  and  obtusely  serrate,  cauline,  oppo- 
site, acute,  petiolate,  exstipulate,  covered  with  hairs,  light  green, 
pinnatinerved. 

Linaria  purpurea.  Mill. 

Ovary  two-celled,  with  about  ten  ovules  in  each  ceU ;  ovules 
peltate,  amphitropous  ;  micropyle  at  one  end  of  the  horizontal  ovule. 

Capsule  obovoid,  emarginate,  postero- anteriorly  furrowed  at  the 
junction  of  the  carpels,  two-celled,  with  six  to  eight  seeds  m  each 
cell  dehiscing  at  the  apex  by  two  openings  each  with  three  teeth 
or  valves,  3-3-5  mm.  long,  3-5-4-25  mm.  wide,  2-5-3  mm.  thick. 

Seeds  peltate,  or  transverse  to  the  receptacle,  broader  right  and 
left  of  the  attachment  than  above  and  below,  somewhat  compressed 
dorsally,  variously  angled  by  mutual  pressure,  reticulate  and 
variously  ridged  and  furrowed  ;  testa  thick,  crustaceous,  black  when 
mature ;  hilum  inconspicuous,  ventral ;  micropyle  transverse  and 
either  right  or  left  of  the  axis. 

Seed  1-1-25  mm.  wide,  -5--6  mm.  long  and  thick. 
Endosperm  copious,  fleshy,  white.  ,   ^  ^ 

Embryo  straight,  colourless,  nearly  equal  m  length  to  the  endo- 
sperm, transverse  to  the  placenta;  cotyledons  oval,_ obtuse,  eiitire, 
sessile,  plano-convex,  vertical  to  the  axis  with  their  l>acks  to  it 
radicle  terete,  obtuse,  horizontal,  and  pomtmg  right  or  left  of  the 
placental  axis. 

Linaria  repens,  Steud.,  conforms  to  this  type. 

Linaria  vulgaris,  Mill.  (fig.  552). 

Ovary  two-celled,  ovules  many,  seated  all  over  a  peltate  enlarged 
nlacenta,  pendulous,  anatropous  or  semianatropous  radicle  superior. 
'  short,  oblong,  dehiscing  at  the  apex  by  four  to  six  ..Iv  s. 

two-celled,  many-seeded  (seeds  about  one  hundred  and  twelve).  \\  hen 
fresh  8-10  mm.  long  and  5-7  mm.  m  diameter. 
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Seed  orbicular,  much  imbricated,  winged  with  a  basal  notch 
sessile  on  a  little  projection  of  the  placenta,  flattened  on  the  ventral 
aspe  I  or  slightly  concave  by  the  recurving  of  the  marginal  wmg, 
c  nvex  and  compressed  laterally,  with  the  central  part  contammg 
the  endosperm  and  embryo  the  thickest.  Testa  furmshed  with  scat- 
tered minute  raised  pomts,  finely  and  minutely  reticulate  especially 
towards  the  margin  of  the  disc,  the  wing  substriate,  pale  green 
when  young,  becoming  white,  ultimately  black  ;  hilum  inconspicu- 
ous, superior  and  close  to  the  micropyle,  in  or  close  to  the  basal 
notch  of  the  wing  of  the  seed,  1-75-2-25  mm.  in  diameter. 

A 


Fig.  552— iiwarm  vulgaris,  x  20,  A,  longituclinal  section  of  seed.  B,  trans- 
verse section  of  seed  :  BN,  basal  notcli;  W,  wing;  OT,  testa;  IT,  tegmen; 
B,  radicle ;  Cs,  cotyledons ;  P,  endosperm. 

Endosperm  copious,  colourless,  occupying  the  central  disc  of  the 
seed,  which  is  more  or  less  oval,  and  Ues  obliquely  to  the  hilum  or 
basal  notch. 

Embryo  curved,  in  most  cases  nearly  equalling  the  diameter  of 
the  endosperm,  colourless ;  cotyledons  oval-oblong,  obtuse,  entire, 
plano-convex  or  nearly  flat,  closely  adpressed  face  to  face,  and  most 
often  obhquely  to  one  another,  sessile,  lying  in  the  broader  way  of 
the  seed  with  their  backs  to  the  axis;  radicle  terete,  obtuse, 
superior,  and  close  to  the  micropyle,  much  thinner  than  the  width 
of  the  cotyledons  and  nearly  twice  as  long. 

The  two  following  Species  agree  with  this  Type. 
L.  saxatilis,  DC. 

Capsule  3-4  mm.  long,  3'4  mm.  wide,  and  2'75-3'25  mm.  thick 
when  fresh. 
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Seeds  twenty  to  twenty-eight  in  a  capsule  about  1-5-1-75  mm. 
in  diameter,  much  more  decidedly  echinulate  all  over  the  disc  than 
those  of  L.  vulgaris. 

L.  alpina,  DC. 

Caimde  opening  by  six  valves,  three-  to  six-seeded,  twelve-  to 
twenty-ovuled,  3-25-3-5  mm.  long,  2-5-3  mm.  wide,  and  2-2-25  mm. 
thick. 

Seeds  orbicular,  concave  on  the  ventral  aspect,  2-2-25  mm.  in 
diameter. 

Linaria  genistifolia,  Mill. 

Ovary  two-celled,  many-ovuled  ;  ovules  horizontal,  anatropous, 
seated  on  an  elevated  or  enlarged  placenta ;  micropyle  horizontal 
and  abutting  against  the  placental  axis. 

Fndt  a  capsule,  broadly  ovoid,  obtuse,  glabrous,  subglaucous- 
green,  two-celled,  many-seeded,  dehiscing  at  the  apex  by  four  valves. 

Capsule  5-5-6  mm.  long,  5-5-5  mm.  wide,  4-5-5  mm.  thick,  con- 
taining  one  hundred  and  twenty  to  one  hundred  and  thirty-six  seeds. 

Seeds  oblong-obovoid,  variously  shaped  and  angled  by  mutual 
pressure,  reticulate,  densely  packed  horizontally  aU  over  the  axis, 
broadest  at  the  end  abutting  on  the  pericarp  ;  testa  thick,  crusta- 
ceous  ;  hilum  basal,  inconspicuous  ;  micropyle  contiguous  to  the 
hilum. 

Seed  1-1-25  mm.  long,  about  -75  mm.  wide,  and  -5  mm.  thick. 

Endosperm  comparatively  copious,  but  occupyuig  only  a  small 
portion  of  the  seed,  fleshy,  white. 

Embryo  straight,  nearly  equal  in  length  to  the  endosperm, 
colourless,  small;  cotyledons  oval,  obtuse,  entu-e,  sessUe,  plano- 
convex, with  their  long  axis  at  right  angles  or  perpendicular  to  the 
placental  axis  ;  radicle  terete,  obtuse,  considerably  longer  than  the 
cotyledons,  close  to  the  hilum  and  pointing  to  the  placenta. 

Seedling. 

Primary  root  tapering  downwards,  fibrous,  perennial. 

Hypocotyl  terete,  slender,  glabrous,  green  or  glaucous-green, 
1-2  cm.  or  more  above  the  soil,  ultimately  decumbent,  sometimes 
proliferous  immediately  above  the  soil,  and  giving  oflf  one  to  six  or 
more  branches  that  soon  become  stronger  and  longer  than  the 
primary  stem  or  plumule.  This  it  is  able  to  do  even  if  the  coty- 
ledons and  plumule  should  be  broken  off. 

Cotyledons  lanceolate  or  ovate-lanceolate,  obtuse,  narrowed  into 
a  short  petiole,  slightly  constricted  about  the  middle  of  the  lamma, 
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..labrous,  glaucous  on  both  surfaces  ;  lamina  4-6-75  mm.  long, 
1-25-4  mm.  wide ;  petiole  sUghtly  channelled  above,  convex  be- 
neath, •5-1-75  mm.  long. 

Stein  herbaceous,  erect,  terete,  glabrous,  glaucous-green ,  1st 
internode  4-7-5  mm.  long  ;  2nd  shorter.  First  internode  of  branches 
from  the  hypocotyl  1-1-5  cm.  long. 

Leaves  simple,  entire,  cauline,  with  the  lower  and  primary  ones 
opposite  or  in  whorls  of  three  to  four,  shortly  petiolate,  deeply 
glaucous  on  both  surfaces,  glabrous,  trinerved  at  the  base  with  a 
few  alternate,  ascending  nerves  upward,  rather  opaque,  and  best 
observed  by  transmitted  light ;  petioles  very  short,  tapermg  down- 
wards, shghtly  channelled  above,  convex  beneath. 

First  and  second  pairs  lanceolate-elliptic,  obtusely  pointed. 

First  node  on  the  branches  bearuig  two,  or  on  strong  branches 
three  elliptic  or  lanceolate-eUiptic  obtusely  pointed  leaves. 

Linaria  reticulata,  Desf. 

This  species  agrees  with  L.  genistifolia  in  the  horizontal 
anatropous  ovules  and  seeds,  but  differs  in  the  latter  being  slightly 
curved  and  transversely  ribbed,  not  angled.  The  embryo  is  also 
similar,  but  shghtly  curved  in  conformity  with  the  seed. 

Capstoles  3-5-4  mm.  long,  3-3-25  mm.  wide,  2-75-3-25  mm. 
thick,  containing  one  hundred  and  thirty-three  to  one  hundred  and 
thirty-six  seeds. 

Seeds  -75  mm.  long,  •25-5  mm.  wide,  but  variable  and  thickest 
at  the  end  farther  from  the  hilum. 

Linaria  striata,  DC. 

Hypocotyl  as  in  L.  genistifoHa ;  1^2-2-7  cm.  above  the  soil, 
becoming  early  proliferous  at  the  surface,  and  bearing  three  to  five 
or  more  branches  soon  exceeding  it  in  length  and  strength. 

Cotyledons  elliptic,  obtuse,  glabrous,  glaucous-green  and  rather 
opaque  above,  paler  beneath,  with  the  midrib  only  discernible; 
lamina  7  mm.  long,  3*5-4-25  mm.  wide  in  the  middle ;  petiole 
channelled  above,  convex  beneath,  glabrous,  1-5-3  mm.  long. 

Stem.— lat  internode  1-1-3  cm.  long ;  2nd  1-65  cm. ;  3rd  1- 
1*2  cm. 

Leaves  as  in  L.  genistifolia. 
First  pair  elliptic,  obtuse. 

Second  pair  narrower,  lanceolate-elliptic  or  oblong-elliptic,  obtuse. 

First,  second  and  third  whorls  on  the  branches  similar  to  those  on 
the  primary  stem,  and  wide  or  narrow  according  to  the  strength  of 
the  seedling. 
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Linaria  bipartita,  Willd.  (fig.  553). 

Primary  root  tapering  downwards  and  giving  off  fibrous  lateral 
rootlets. 

Hypocotyl  long,  erect,  slender,  becoming  thickened  upwards, 

thinly  glandular-pubes- 
cent, 2-3-5  cm.  long, 
shining,  green  or  more 
or   less  stained  with 
red,  prohferous  at  the 
surface  of  the  soil,  giv- 
ing off  buds  that  even- 
tually grow  stronger 
than  the  primary  stem, 
and  elongate  from  2- 
6  cm.  before  producing 
any  leaves,  appearing 
thus  as   a  continua- 
tion of  the  hypocotyl. 
If  the  upper  part  of  the 
hypocotyl  and  cotyle- 
dons are  removed  after 
germination,  the  seed- 
ling has  still  power  to 
grow  and  estabhsh  it- 
self by  means  of  this 
prohferation. 

Cotyledons  linear, 
obtuse,  entire,  tapered 
at  the  base  to  a  short 
petiole,  glabrous,  bright 
green  above,  paler  or 
subglaucous  beneath, 
often  recurved  or  more 
or  less  revolute  at  the 
tip,  1-1-1 -3  cm.  loug 
including  the  very  short 
petiole,  2-20-2-75  mm. 
wide,  rather  fleshy,  dis- 
tinctly one-nerved. 


■—Co'tyledojZ' 


Pig.  558. — Linaria  bipartita.   Nat.  size. 


Stem  herbaceous,  erect,  terete,  thinly  glandular-pubescent, 
green  or  more  or  less  stained  with  red  at  the  base;  1st  mternode 
2-2-6  cm.  long ;  2nd  about  1-6  cm. ;  3rd  shorter. 
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Leaves  simple,  entire,  cauline,  the  lower  opposite,  or  verticillate 
in  whorls  of  three  or  more,  the  upper  alternate,  exstipulate,  very 
shortly  petiolate  or  subsessile,  glabrous,  light  or  dark  shinmg  green 
above,  subglaucous  beneath,  rather  fleshy,  trinerved  at  the  base, 
with  a  few  alternate  ascending  nerves  upwards. 

First  to  fifth  pairs  lanceolate,  obtuse,  trinerved  at  the  base  with 
a  few  indistinct  alternate  ascending  nerves  upwards,  very  shortly 
petiolate. 

Leaves  on  the  stems  from  the  proliferous  hypocotylmuch  narrower 
than  those  on  the  primary  stem,  linear  and  opposite,  or  in  whorls  of 
three,  gradually  tapered  to  the  base- 

Linaria  Cymbalaria,  Mill.  (fig.  554). 

Caimole  4-5-6  mm.  long,  4-5-5  mm.  wide,  and  3-4-5  mm.  thick, 
containing  forty-two  to  eighty  seeds. 


A 


Fig.  55i.—Linaria  Cymbalaria,  x  40.  A,  longitudinal  section  of  seed.  B,  trans- 
verse section  of  seed  :  B,  radicle  ;  P,  endosperm  ;  OT,  testa ;  IT,  tegmen ; 
Cs,  cotyledons  ;  H,  hilum. 


Seeds  oval  or  globose-oval,  deeply  ridged  and  furrowed  longi- 
tudinally with  a  very  thick  testa,  1  mm.  long,  -75  mm.  in  diameter. 

Embryo —The  cotyledons  with  their  edges  vertical  to  the  axis, 
but  varying  apparently  according  to  the  position  of  the  seed  in  the 
capsule. 

Seedling  (fig.  555). 

Primciry  root  slender,  flexuose,  with  very  fine  lateral  rootlets. 

Hypocotyl  decumbent,  subflexuose,  thinly  pubescent,  tapering 
indistinguishably  into  the  root,  not  giving  rise  to  adventitious  buds. 

Cotyledons  rather  unequal,  thinly  pubescent,  pale  green,  rotund 
or  subreniform,  mucronate,  entire,  4-5  mm.  long,  5  mm.  wide  ; 
petiole  thmly  pubescent,  channelled  above,  about  7-9  mm.  long. 
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Fig.  555.- 


-Linaria  Cymbalaria. 
Nat.  size. 


Stem  herbaceous,  trailing,  terete,  thinly  pubescent,  green  or 
purplish,  brittle,  succulent ;  1st  internode  C  mm.  long. 

Leaves  alternate  (first  four  to  six  in  opposite  pairs,  but  developing 

unequally  from  the  bud),  thinly  pubes- 
cent in  seedling  stage  but  glabrous  or 
almost  so  in  the  adult  plant,  green  or 
stained  with  purple  on  the  under  side, 
and  especially  the  petioles ;  petioles 
slightly  channelled  on  the  upper  side, 
aubterete,  thinly  pubescent  in  the 
seedling  stage,  glabrous  or  almost  so 
in  the  adult  stage,  green  or  purphsh. 

First  pair  cordate-reniform,  mucro- 
nate,  shallowly  three-  to  five-crenate, 
obscurely  trinerved. 

Second  pair  cordate,  rather  acutely 
five-  to  seven-toothed,  obscurely  five- 
nerved. 

Ultimate  leaves  alternate  on  the 
traiUng  stems  and  branches,  reniform, 
five-  to  seven-nerved,  with  five  to  seven  large,  rounded,  mucronate 
crenatures  on  the  lower  and  larger  leaves,  and  five  to  seven  tri- 
angular or  ovate,  deep,  acute  teeth  on  the  smaUer  and  upper  leaves. 

Linaria  tristis,  Mill. 

Hypocotyl  colourless,  becoming  proliferous  at  the  surface  of  the 
ground,  and  throwing  out  from  one  to  many  buds  which  develop 
into  branches  with  verticillate  leaves,  three  to  four  in  the  first 
whorl,  1-5-2  cm.  long. 

Cotyledons  cuneate-linear,  narrowed  gradually  to  the  base,  con- 
stricted above  the  middle  or  towards  the  apex,  and  appeai-mg  tri- 
dentate  there  with  the  lateral  teeth  rudimentary  and  the  termmal 
subulate,  obtuse  or  subacute,  opaque,  deep  subglaucous-green  and 
convex  above,  paler  beneath  and  concave,  9-12  mm.  long,  2-5-8  mm. 
wide  immediately  beneath  the  constriction  where  they  are  widest. 

Stem  herbaceous,  erect,  terete,  glabrous,  pale  green ;  1st  mternode 
3-9  mm.  long ;  2nd  shorter. 

Leaves  verticillate,  narrowed  to  the  base  but  scarcely  petiolate, 
glabrous,  deep  opaque  green  or  glaucous  above,  paler  beneath. 

First  whorl  of  four  leaves  Unear,  obtuse,  flat  or  subrevolute  at 
the  margins,  glaucous  in  the  seedling.  •  i„ 

Second  whorl  very  frequently  consisting  of  five  leaves  sunilai  o 
the  first.  The  whorl  sometimes  consists  of  four  leaves.  Occasionally 
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■a  leaf  of  tlie  first  wliorl  is  carried  up  on  the  internode  above  it,  and 
occasionally  a  leaf  of  the  second  whorl  may  be  below  the  level  of 
the  others. 

Above  this  the  most  frequent  number  of  leaves  in  a  whorl  seems 
to  be  four ;  but  it  varies  from  three  to  five,  and  occasionally  the 
whorls  are  broken  or  interrupted. 

Ultimate  leaves  four  to  five  in  a  whorl,  lanceolate-hnear,  sub- 
acute, deep  opaque  or  glaucous-green,  with  a  shallow  channel  above, 
paler  beneath  with  a  prominent  midrib  and  two  faint  lateral  nerves 
near  to  and  parallel  with  the  margin,  and  indistinct,  alternate, 
ascending  nerves  passing  from  the  midrib  to  the  submarginal  nerves. 


Fig.  556. — Bhodochtion  vohihile.   Nat.  size. 


Rhodochitou  volubile,  Ztccc.  (fig.  556). 
Hypocotyl  subterranean  or  short. 

Cotyledons  petiolate,  coarsely  and  thinly  hairy  ;  lamina  rotund- 
ovate,  apiculate,  6  mm.  long,  5  mm.  wide  ;  petiole  channelled  above, 
tapering  downwards,  3  mm.  long. 

Stem  erect,  terete,  thick  and  succulent  at  the  base,  and  becoming 
much  more  slender  upwards  as  it  commences  to  twine,  villous, 
purplish ;  1st  internode  7  mm.  long ;  2nd  5*5  mm. ;  3rd  9"5  mm.  ; 
■4th  9-5-10  mm. ;  5th  1-6  cm. 

Leaves  simple,  cauline,  opposite,  decussate,  exstipulate,  petiolate, 


316 


ON  SEEDLINGS 


coarsely  hairy  on  both  sides  with  stiff  hyaline  hairs  ;  petioles  chan- 
nelled above,  and  hairy  like  the  leaves  and  stem,  purplish. 

First  pair  small,  cordate,  acute,  crenate-dentate  with  mucronate 
teeth  ;  lamina  1-8  cm.  long,  1-1  cm.  wide. 

Second  pair  cordate,  acute,  serrate-dentate  with  mucronate  teeth, 
faintly  five-nerved. 

Third  pair  cordate,  acuminate,  serrate-dentate,  acute  or  sub- 
lobulate  below  the  middle,  strongly  nerved  with  five  ascending  and 
incurved  nerves,  and  subreticulate. 

Fourth  pair  cordate,  acuminate,  acute,  acutely  dentate-serrate, 
sublobulate  on  the  lower  half,  nerved  like  the  third  paur. 

Scrophularia  sambucifolia,  L.  (fig.  557). 

Primary  root  soon  ceasing  to  elongate,  and  giving  off  almost 
horizontal  secondary  ones  near  its  base. 

Hypocotyl  erect,  terete,  slender,  pubescent,  pale  purplish,  1- 
1-3  cm.  long,  "75  mm.  thick. 

Cotyledons  roundish-triangular,  obtuse,  gla- 
brous, convex  above;  lamina  5-5  mm.  long, 
6  mm.  wide  ;  petiole  channelled  above,  convex 
below,  pubescent,  6  mm.  long. 

Stem  slender,  erect,  terete,  hahy,  pubes- 
cent, herbaceous  ;  1st  internode  2-5  mm.  long ; 
2nd  1  mm. 

Leaves  cauline,  simple,  opposite,  decussate, 
esstipulate,  petiolate,  glandular-pubescent  or 
hairy  on  both  surfaces  as  well  as  on  the  petioles. 

First  pair  rotund-cordate,  obtuse,  shaUowly 
crenate. 

Second  pair  rotund-cordate,  more  deeply 
crenate  than  the  first  pair. 

Ultimate  leaves  lyrate,  interruptedly  pin- 
natisect,  crenate  with  mucronate  serratures, 
glandular-pubescent  above  and  on  the  nerves 
beneath,  and  dotted  with  sessile  glands,  alternately  pemainerved, 
reticulate,  rugose  ;  terminal  segment  cordate-oblong,  obtuse  ;  la teial 
segments  alternate,  more  or  less  imbricate,  rotund-cordate,  obtu 
unequal  at  the  base,  more  or  less  cut  away  on  the  anterior  basai 
Bide,decurrent  on  the  petiole  with  a  narrow  wmg  and  ^rreguMj 
interspersed  with  minute  segments  ;  larger  segments  three  to  five. 
Scrophularia  chrysantha,  Jaicb.  et  Sp. 

Hypocotyl  covered  with  numerous  glandular  hairs,  Ught  green 
or  almost  colourless,  5-8  mm.  long. 


Pig.  557. 

Scrophularia 
sambucifolia. 
Nat.  size. 
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Cotyledons  rotund-ovate,  about  5  mm.  long  including  the 
petiole. 

Stevi  with  primary  internodes  but  slightly  developed. 
First  leaves  elliptic,  subacute,  entire,  shortly  petiolate,  covered 
•with  glandular  hairs  and  ciliated. 

Paulownia  imperialis,^  Sieb.  et  Zucc.  (fig.  558). 

HypoGotyl  erect,  terete,  very  short,  glandular-pubescent,  about 
5  mm.  long. 

Cotyledons  transversely  oval  or  rotund,  petiolate,  shallowly 
emarginate,  showing  a  midrib  only,  thinly  glandular-pubescent  or 
glabrous,  light  green  above,  paler  beneath  ;  lamina  about  4*5  mm. 
long,  5-5  mm.  wide  ;  petiole  flattened  above  or  slightly  grooved, 
3-4  mm.  long. 

Ste77i  erect,  terete, 
densely  glandular-pubes- 
cent or  shaggy,  and  almost 
villous  in  a  young  state, 
ultimately  woody,  forming 
a  tree  ;  1st  internode  5*5 
mm.  long ;  2nd  1*15  cm.  ; 
3rd  1  cm. 

Leaves  simple,  cauline, 
opposite,  exstipulate,  peti- 
olate, alternately  ascend- 
ingly  incurvinerved,  with 
the  nerves  uniting  at  their 
upper  end  and  giving  off 
branches  into  the  marginal 
teeth,  reticulate,  softly  and 
densely  glandular-hairy  on  both  surfaces,  deep  green  above,  paler 
beneath;  petioles  subterete,  narrowly  channelled  above,  densely 
glandular-hairy  and  shaggy,  tapering  upwards  from  a  stout  base. 

First  pair  small,  broadly  ovate  or  rotund-ovate,  obtuse,  distantly 
glandular-dentate. 

Second  pair  cordate,  obtuse,  irregularly  glandular-dentate. 

Third  pair  much  larger,  cordate,  subacute,  dentate,  with  unequal- 
sized  teeth  generally  largest  about  the  middle  of  the  leaf,  and  tipped 
with  a  glandular  mucro. 

Leaves  on  vigorous  young  trees  attain  a  length  of  twelve  to 
twenty-four  inches  exclusive  of  the  petiole. 

'  The  seed  is  figured  by  Tubeuf,  Soman,  Frilchte  und  Keimlinge,  p.  74. 


Fig.  558. — Fau.lovmia  im^penalis. 
Half  nat.  size. 
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Pentstemon  Mackayanus,  Knowl.  et  Westc. 

Hypocotyl  erect,  terete,  minutely  pubescent,  4-6  mm.  long,  light 
green  or  colourless. 

Cotyledons  ovate-rotund,  obtuse,  entire  or  sometimes  mmutely 
emarginate,  petiolate,  glabrous,  dark  green,  with  no  apparent  vena- 
tion. 

Stem  erect,  terete,  herbaceous,  finely  pubescent,  light  green  ;  Ist 
internode  3-5  mm.  long  ;  2nd  much  shorter. 

First  leaves  simple,  cauline,  opposite,  decussate,  ovate,  obtuse, 
petiolate,  exstipulate,  with  a  few  scattered  hairs,  trinerved  with 
indistinct  upper  lateral  veinlets  ;  the  first  pair  are  entire  ;  the  second 
crenate. 

Collinsia  bicolor,  Benth.  (fig.  559). 

Primary  root  long,  tapering,  with  fibrous  lateral  rootlets,  annual. 
Hypocotyl  erect,  terete,  minutely  pubescent,  green  or  reddish- 
purple,  1-3-1-5  cm.  long.  n  n     .  ,i 

Cotyledons  rotund,  or  rotund-ovate,  rounded  at  the  base, 
minutely  emarginate   at  the  apex,  fleshy,  glabrous  except  the 

petioles,  dull  Ught  green  or  stamed  with 
red  and  dotted  with  white  ;  lamina  5-10 
mm.  long,  and  as  wide,  or  slightly  longer 
than  wide;  petioles  semiterete,  chan- 
nelled above,  minutely  pubescent,  dilated 
towards  the  base  and  connate,  6-5-9-0 
mm.  long.  Lamina  obscurely  and  al- 
ternately incurvinerved,  and  reticulate, 
venation  seen  only  when  the  cotyledon 
is  decaying. 

Stem  herbaceous,  annual,  erect, 
terete,  minutely  pubescent  with  deflexed 
hairs,  or  subglabrous,  pale  green  or 
stained  red;  1st  internode  7-13  mm. 
long;  2nd  4-13  mm.  according  to 
strength  of  plant. 

Leaves  simple,  cauline,  opposite,  ex- 
stipulate,  petiolate,  thinly  hairy  above, 
subglabrous  beneath,  alternately  and 
ascendingly  penninerved,  deep  opaque 
green  above  and  dotted  with  white,  much 
paler,  almost  glaucous  beneath  and 
shining;  petioles  semiterete,  channelled  above,  hairy,  dilated 
towards  the  base  and  subconnate. 


Fig.  559. — Collinsia  bicolor. 
Nat.  size. 
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•  First  pair  ovate,  obtuse,  subcordate  at  the  base,  crenate-serrate. 
This  is  the  most  common  type,  but  seedlings  occur  frequently  with 
the  first  pair  of  leaves  deeply  trilobed ;  lateral  lobes  unequally 
oblong  or  unequally  obovate  with  a  few  teeth  on  the  posterior  side  ; 
terminal  lobe  oblong-cuneate  or  rhomboid-cuneate,  crenate  or 
obtusely  dentate. 

Second  pair  ovate,  obtuse,  shallowly  cordate  at  the  base,  obtusely 
serrate.  This  is  the  usual  type,  but  more  rarely  the  second  pair 
become  lobed  like  the  first. 

Third  and  fourth  pairs  oblong-ovate,  obtuse,  rounded  or  sub- 
cuneate  at  the  base,  coarsely,  obtusely,  and  irregularly  serrate. 
Earely  the  third  pair  are  lobed  and  a  detached  portion  may  some- 
times be  seen  on  the  petiole. 

Collinsia  parviflora,  Dougl. 
Hypocotyl  very  similar  to  last  species. 

Cotyledons  very  similar  to  those  of  C.  bicolor,  almost  orbicular, 
emarginate,  obtuse,  dark  green,  reddish  below,  very  indistinctly  one- 
nerved. 

Stem  with  primary  internodes  very  shghtly  developed. 

First  leaves  showing  a  tendency  to  become  trilobed,  slightly 
emarginate,  ovate,  obtuse,  petiolate,  minutely  pubescent,  dark  green 
stained  with  purple  beneath,  indistinctly  pinnatinerved. 

Collinsia  multicolor,  Paxt. 

Hypocotyl  as  in  C.  bicolor,  but  3-5  cm. 
long,  and  hght  green  or  colourless. 

Cotyledons  fleshy,  ovate  or  almost  ro- 
tund, emarginate,  sometimes  almost  cordate 
at  the  base,  glabrous  except  on  the  petioles, 
dark  green,  pinnatinerved  hke  the  leaves, 
with  prominent  venation. 

Stem. — 1st  iuternode  4-5  mm.  long. 

First  leaves  ovate-oblong,  emarginate, 
crenate,  petiolate,  pubescent,  light  green, 
pinnatinerved. 

Mimulus  luteus,  L.  (fig.  560). 

Primary  root  normal. 

Hypocotyl  short,  tapering  insensibly  Fio-  5m.—Mi7nulus  luteus. 
into  the  root,  glabrous. 

Cotyledons  triangular,  obtuse,  incipiently  tridentate  near  the 
apex  with  the  middle  tooth  much  the  largest  and  longest,  traversed 
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longitudinally  with  an  indistinct  midrib  (no  other  nerves  discernible 
when  fresh),  glabrous,  light  green;  lamina  4-5  mm.  long,  3-5- 
4-5  mm.  wide ;  petiole  channelled  above,  slender,  2'5-4  mm.  long. 

Siem  herbaceous,  erect,  terete,  pale  green,  glabrous;  primary 
internodes  undeveloped  unless  the  seedlings  are  crowded  when  more 
or  less  elongation  takes  place.  Adventitious  roots  are  frequently 
emitted  from  the  stem  where  in  contact  with  the  soil. 

Leaves  simple, radical  and  cauline,  opposite,  exstipulate,  petiolate, 
alternately  penninerved,  with  the  nerves  incurved  and  uniting  with 
those  above  them,  light  green  and  punctate  on  the  upper  surface, 
paler  beneath,  glabrous  or  thinly  hairy  on  the  same  plant ;  petioles 
glabrous,  channelled  above,  dilated  at  the  base  and  connate. 

First  and  second  pairs  variable ;  in  seedUngs  with  sufficient 
room  to  develop  they  are  deltoid,  obtuse,  obscurely  or  obsoletely 
dentate,  with  a  prominent  midrib  and  a  few  alternate  incurved 
lateral  nerves  ;  in  crowded  seedlings  they  are  oval. 

Torenia  Fournieri,  Lincl.  (fig.  561). 

Primary  root  normal,  short,  tapering,  giving  off  short  lateral 

rootlets,  annual. 

Hypocotyl  soft,  herbaceous,  erect,  terete,  1-5  cm.  long. 
Cotyledons  petiolate,  persistent;  hmb  triangular-emarginate, 
subtruncate  at  the  base,  4  mm.  long,  6  mm.  wide ; 
petiole  2  mm.  long. 

Stem  erect,  square  with  acute  angles,  thickened 
at  the  nodes  and  ciliate  at  the  angles,  succulent,  pale 
green  ;  1st  internode  6  mm.  long  ;  2nd  1-2  cm. ;  3rd 

2-6  cm. ;  4th  8  mm. 

Leaves  simple,  cauluae,  opposite,  decussate,  ex- 
stipulate,  petiolate,  triangular,  or  triangular-ovate, 
acute,  acutely  penninerved,  with  the  nerves  sunk  on 
^    ,n        the  upper  side,  and  prominent  beneath,  pubescent 
T^^enia       on  both  surfaces,  gradually  increasing  in  size  from 
N°TlT"      the  seedlmg  stage  of  the  plant  to  the  adult ;  average 
size  of  leaf  2-2  cm.  long,  8-10  mm.  ^dde ;  petioles 
channelled  above,  convex  beneath,  pubescent,  mcreasmg  m  length 
tm  seedling  to  middle  of  stem  in  the  adult  plant,  then  agam  be- 
coming shorter ;  average  length  about  1-5  cm. 

Veronica  arvensis,  L.  (fig.  562). 

Ovary  two-celled,  many-ovuled ;  ovules  amphitropous  on  axile 

— ^  laterally,  keeled. 
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glabrous  except  on  the  keel  wliich  is  coarsely  hairy,  two-celled, 
many-seeded,  dehiscing  at  the  apex  with  four  valves. 

Seed  peltate,  broadly  oblong,  or  of  various  outlines,  convex 
dorsally,  flattened  ventrally  with  an  oblong  or  obovate,  elevated 
hilum,  imbricating  and  lying  obliquely  to  the  flattened  sides  of 
the  ovary,  pale  straw-  or  almost  amber-coloured;  micropyle  at 
the  upper  end. 


A 


Fig.  562. — Veronica  arvensis,  x  30.  A,  longitudinal  section  of  seed  : 
M,  micropyle  ;  T,  testa  ;  P,  endosperm  ;  C,  cotyledon.  B,  transverse 
section  of  seed  :  P,  endosperm ;  C,  cotyledon ;  H,  hilum. 


Endosperm  in  the  mature  seed  copious,  fleshy,  white,  embedding 
and  surrounding  the  embryo. 

Embryo  rather  small,  considerably  shorter  than  the  endosperm, 
colourless;  cotyledons  ovate,  obtuse,  plano-convex,  lying  in  the 
broad  plane  of  the  seed,  with  their  backs  to  the  placenta  ;  radicle 
terete,  obtuse,  pointing  to  the  micropyle  at  the  upper  end  of  the 
seed,  somewhat  longer  than  the  cotyledons,  and  narrower  or 
thinner. 

Veronica  Buxbaumii,  Te?i.  (fig.  563). 

Ovules  pendulous,  horizontal  or  ascending,  anatropous  or  nearly 
so,  with  the  micropyle  close  to  the  hilum,  and  consequently  superior, 
horizontal  or  inferior. 

Capsulemnch  compressed  laterally,  bifid,  with  widely  diverging, 
obtuse,  keeled  lobes,  glandular-hairy  all  over,  dehiscing  when 
mature  by  four  apical  valves,  with  about  eight  to  twelve  seeds  in 
each  of  the  two  cells,  attached  by  a  very  short  pale  or  colourless 
funicle  to  papillose  projecting  processes  of  the  placentas  which 
are  deep  green  before  the  capsule  dries  up. 
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Seed  oblong,  rounded  at  both  ends,  or  somewhat  narrowed  to 
the  basal  and  attached  end,  transversely  ridged  and  grooved  on  the 
dorsal  and  convex  aspect,  concave  on  the  sides  facing  one  another, 


Fig  568  —Veronica  Buxbaumii,  x  20.  A,  longitudinal  section  of  seed. 
b",  transverse  section  of  seed  :  M,  micropyle  ;  Em,  embryo  ;  P,  endo- 
sperm  ;  Cs,  cotyledons  ;  T,  testa.  | 

and  containing  or  surrounding  the  raphe  and  funicle  m  this 
groove,  glabrous,  white  before  maturity  ;  raphe  lying  along  the 


Via  5G4  —Veronica  hedermfolia,  x  15.    A,  longitudinal  section  of  seed. 
^  B  transverse  section  of  se4d  :  F,  funicle  ;  E  embryo ;  P,  endosperm  ; 
T,  testa ;  M,  position  of  micropyle ;  C,  cotyledons. 

median  line  in  the  groove ;  funicle  very  short ;  micropyle  con- 
tiguous to,  but  a  little  higher  up  than  the  hilum,  on,  or  towards  the 
external  aspect. 
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Endosjjerm  in  the  mature  seed  copious,  fleshy,  white,  occupying 
nearly  the  whole  seed. 

Embryo  snaall,  straight,  colourless,  at  right  angles  to  the  pla- 
centa ;  cotyledons  broadly  ovate,  obtuse,  entire,  plano-convex,  lying 
in  the  broader  way  of  the  seed  with  their  backs  to  the  raphe  on  one 
side  and  to  the  dorsal  aspect  on  the  other ;  radicle  oblong,  obtuse, 
pointing  to  the  micropyle,  but  some  little  distance  from  the  extreme 
apex  of  the  seed,  slightly  longer  than  the  cotyledons. 


A 


Fig.  565. — Veronica  hedercsfolia.  A,  seed  germinating  :  B,  radicle  ;  vc,  ventral 
cavity  of  seed,  x  i.  B,  another  seedling,  x  4.  C,  seedling,  x  4,  showing  mode 
of  germination  when  the  seed  is  well  buried.    D,  another  stage  of  C,  x  i. 


Veronica  hedersefolia,  L.  (figs.  564-66). 

Ovary  with  each  of  the  two  cells  two-ovuled  ;  ovules  peltate, 
amphitropous  ;  micropyle  superior. 

Capsule  broadly  obovoid  or  subglobose,  turgid  and  slightly  emar- 
gmate,  shallowly  grooved  along  the  side  where  the  union  of  the 
carpels  forms  a  double  partition,  with  a  slender  filiform  ridge  along 
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the  dorsal  suture,  and  shallowly  grooved  or  not  in  that  part,  gla- 
brous, each  cell  one-  or  two-  (generally  two-)  seeded,  dehischig  at 
the  dorsal  suture  and  separating  or  breaking  away  from  the  placental 
column. 

Seed  in  the  early  stage  forming  a  little  curved  or  reniform  papilla 
suspended  by  a  colourless  hilum,  increasing  greatly  in  length  and 
breadth  but  not  thickness,  till  it  becomes  an  oblong,  flattened  body. 
Growth  continues  in  the  middle  and  dorsal  region,  but  not  at  the 
edges,  until  the  seed  assumes  an  oblong- sphisroid  form,  peltate  on 
the  funicle  and  concave  on  the  ventral  aspect,  completely  enclosing 
and  hiding  the  colourless  funicle,  transversely  and  shallowly  gi-ooved 
towards  the  margin,  pale  amber-coloured  or  nearly  white,  glabrous  ; 
micropyle  at  the  upper  end  of  the  seed  and  external  to  the  ventral 
cavity  ;  funicle  stout,  colourless,  obhquely  ascending,  enclosed  by  the 

involute  edges  of  the  seed ;  hilum  ventral 
in  the  cavity. 

Endosperm  in  the  mature  seed  co- 
pious, fleshy,  firm,  white. 

Embryo  small,  slightly  curved  in  con- 
formity with  the  curvatm-e  of  the  seed, 
embedded  in  the  centre  of  the  endosperm 
at  the  upper  end  of  the  seed,  colour- 
less ;  cotyledons  oblong,  obtuse,  entire, 
trinerved,  plano-convex ;  radicle  terete, 
obtuse,  a  httle  longer  than  the  cotyle- 
dons, close  to  the  micropyle  at  the  upper 
end  of  the  seed  but  completely  surrounded 
by  the  endosperm. 

Germination.  -  Seeds  sown  on  the 
29th  of  June  commenced  to  germmate 
on  the  7th  of  December. 
An  early  stage  (fig.  565,  A)  shows  the  radicle  pushed  out  from  the 
seed  and  furnished  with  root-hairs;  the  ventral  cavity  of  the  seed 

is  very  conspicuous.  .    •  ■,  ^  xi  •  i , 

Three  days  later  (fig.  565,  B)  the  hypocotyl  is  straight,  thiuly 
hairy  at  the  very  top  and  on  the  petioles  of  the  cotyledons.  The 
latter  are  trinerved,  glabrous  except  the  petioles,  and  have  nearly 
got  out  of  the  membranous,  now  empty  testa. 

When  the  seed  is  moderately  well  buried  in  the  soil,  the  radicle 
pushes  out  first  and  fixes  the  plant  in  the  soil,  then  the  hypocotyl 
arches  and  in  straightening  pulls  the  cotyledons  out  of  the  seed 

^^^Two'days  later  (fig.  565,  D)  the  cotyledons  get  clear  out  of  the 


Fig.  566. 
Veronica  heclercBfoUa. 
Seedling,  nat.  size. 
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seed,  an  easy  process  when  the  seed  is  properly  covered  with  soil. 
The  hypocotyl  elongates  greatly  meanwhile. 

Veronica  serpyllifolia,  L.  (fig.  567). 

Ovules  numerous,  pendulous,  horizontal,  ascending  and  erect 
from  an  elevated,  knob-like  axile  placenta,  anatropous  ;  micropyle 
superior,  horizontal  or  inferior,  and  next  to  the  hilum. 

Capsule  broadly  obcordate,  much  compressed  laterally  and  keeled, 
glandular-pubescent  on  the  keel,  otherwise  glabrous,  two-celled,  with 
the  septum  in  the  narrow 
way  of  the  fruit,  many- 
seeded,  dehiscing  by  four 
valves  when  mature, 
tipped  with  the  slender 
persistent  style  which  is 
much  longer  than  the 
apical  notch. 

Seeds  broadly  oval- 
oblong  or  obovate-oblong, 
much  compressed  later- 
ally, obtuse- edged,  very 
small  and  numerous,  pale- 
coloured,  yellowish-white 
just  before  maturity ; 
testa  thin  ;  raphe  and  chalaza  on  one  of  the  flattened  faces  ;  funicle 
very  short ;  hilum  and  micropyle  basal. 

Endosperm  in  the  mature  seed  copious,  fleshy,  whitish. 

Embryo  small,  straight,  colourless,  about  three-fourths  the  length 
of  the  endosperm  ;  cotyledons  ovate,  obtuse,  entire,  plano-convex, 
lying  in  the  broad  way  of  the  seed  with  their  edges  to  the  axis  or 
placenta  ;  radicle  terete,  obtuse,  slightly  longer  than  the  cotyledons, 
embedded  in  the  endosperm  near  the  hilum. 

Veronica  salicifolia,  Forst. 
Ovary  as  in  V.  arvensis. 

Capsule  ovate  or  ovoid,  laterally  compressed,  pubescent  especially 
towards  the  edges,  two-celled,  many-seeded,  dehiscing  for  more  than 
half  its  length  into  four  valves,  each  of  which  is  acute  or  subacumi- 
nate  and  more  or  less  conspicuously  trinerved. 

Seed  peltate,  closely  resembling  that  of  V.  arvensis. 

Endosperm  copious,  occupying  almost  the  whole  interior  of  the 
seed,  whitish. 


A 


Fig.  567. — Veronica  serpyllifolia,  x  40. 
A,  longitudinal  section  of  seed.     B,  transversa 
section  of  seed  :  M,  micropyle ;  E,  embryo  ; 
P,  endosperm ;  T,  testa  ;  Cs,  cotyledons. 
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Embryo  small,  less  than  half  the  length  of  the  endosperm, 
straight,  otherwise  as  in  V.  arvensis. 

Seedling. 

Primary  root  slender,  flexuose,  soon  exceeded  in  length  by  the 
lateral  rootlets. 

Hypocotyl  short  or  indistinguishable  from  the  root. 

Cotyledons  small,  ovate,  obtuse  or  subacute,  petiolate,  glabrous ; 
lamina  2-5  mm.  long,  2  mm.  wide  ;  petiole  grooved  above,  -5  mm. 
long. 

Stem  shrubby,  erect,  terete,  pubescent  in  the  seedling,  glabrous 
in  the  adult  plant,  pale  green,  shining;  1st  and  2nd internodes 2-3- 
4  mm.  long  ;  8rd  2-5  mm. 

Leaves  simple,  cauhne,  opposite,  decussate,  exstipulate,  petiolate, 
glabrous  and  shining  on  both  surfaces,  coriaceous,  evergreen,  deep 
green  above,  pale  beneath,  obscurely  alternately  penninerved  and 
reticulate  ;  petioles  short,  grooved  on  the  upper  side,  semiamplexi- 
caul,  glabrous. 

First  pair  lanceolate-elhptic,  obtuse,  entire. 

Second  pair  lanceolate-elliptic,  entire,  subacute. 

Third  pair  lanceolate-elhptic,  acute,  with  one  or  two  serratures 

on  each  side. 

Intermediate  forms  are  lanceolate,  acute,  serrate. 

Ultimate  leaves  oblong-lanceolate,  acuminate,  acute  or  tipped 
with  a  mucro,  serrulate,  minutely  pubescent  or  scaberulous  at  the 
margin,  as  are  the  intermediate  forms,  but  not  those  in  the  younger 
seedling  stage,  three-  or  faintly  five-nerved  in  the  lower  half. 

Veronica  Waldsteiniana,  ?  Eort. 

Hypocotyl  short,  erect,  terete,  glabrous,  1-1-5  mm.  long,  hght 
green  or  colourless. 

Cotyledons  ovate,  obtuse,  emarginate,  membranous,  petiolate, 
glabrous,  green,  indistinctly  one-nerved. 

Stem  erect,  terete,  herbaceous,  hairy ;  1st  internode  -75-1  mm. 

long ;  2nd  shorter. 

First  haves  simple,  cauhne,  opposite,  decussate,  broadly  ovate, 
obtuse  or  subacute,  serrate,  hairy,  petiolate,  exstipulate,  hght  green, 
distinctly  and  alternately  pinnatinerved. 

Veronica  sp.  (V.  hedersefolise  aff.). 
Primary  root  tapering  downwards,  fibrous,  annual. 
Hypocotyl  erect,  terete,  pale  green  or  colourless,  glabrous  at 
the  base  and  hairy  upwards,  elongating  in  heat  to  G  or  7  cm. 
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Cotyledons  orbicular,  foliaceous,  emarginate,  with  a  glandular 
mucro  in  the  sinus,  trinerved  from  the  petiole  to  the  apex  where  the 
lateral  nerves  unite  with  the  midrib  immediately  below  the  mucro, 
with  a  few  indistinct  reticulations  outside  and  inside  of  ^  the  strong 
laterals,  glabrous,  dark  green  above,  paler  beneath  ;  lamina  1-2  mm. 
long,  and  as  wide ;  petiole  slender,  semiterete,  channelled  above, 
subperfohate,  hairy,  pale  green,  about  1-7  cm.  long. 

Stem  erect,  more  or  less  quadrangular,  with  obtuse  angles,  pale 
cveen,  densely  hairy  or  subvillous ;  1st  internode  1-5  cm.  long. 

Leaves  simple,  cauline,  opposite,  exstipulate,  petiolate,  densely 
hairy  on  both  surfaces,  trinerved  from  the  base  in  the  seedling,  hght 
green  ;  petiole  short,  channelled  above,  densely  hairy. 

First  pair  rotund,  obtuse,  cordate  at  the  base,  crenate- dentate  with 
obtuse  teeth  tipped  with  a  glandular  mucro,  trinerved  from  the  petiole 
to  the  apex,  with  the  primary  lateral  nerves  running  into  a  tooth  on 
each  side  of  the  apical  one,  and  short  lateral  branches  running  into 
the  other  teeth  from  the  primary  lateral  nerves. 

Ultimate  leaves  rotund-reniform  or  reniform,  five-  to  seven - 
nerved,  obtusely  five-  to  seven-toothed,  rarely  nine-toothed,  coarsely 
hairy  on  both  surfaces  but  not  glandular  ;  teeth  tipped  with  a  glan- 
dular mucro.  Bracts  similar  to  the  leaves  and  not  much  smaller, 
falling  short  of  the  peduncles. 

Fruit  didymous,  turgid  and  furrowed  along  the  midrib  of  the 
carpels,  not  carinate,  densely  hairy  but  not  glandular,  with  a  sunk 
cavity  at  the  apex  in  which  the  persistent  style  is  situated,  two-celled, 
each  cell  two-seeded. 

Pedicularis  sp. 

Root  small,  yellowish,  with  a  few  rootlets  and  root-hairs. 
Hypocotyl  5  mm.  long,  -5  mm.  thick,  terete  ;  hairs  purplish- 
red. 

Cotyledons  equal,  4  mm.  long  including  the  glandular-ciliate, 
purplish  petiole,  2  mm.  wide,  ovate,  rounded  at  the  base,  obtuse  at 
the  apex,  entire,  obscurely  nerved,  glandular-cihate,  thin,  purplish. 

Stem  with  the  primary  internodes  undeveloped. 

Tieaves  simple,  once,  twice,  or  still  further  pinnately  cut,  radical 
and  cauline,  apparently  opposite  in  the  seedling,  exstipulate,  petio- 
late, with  venation  conforming  to  the  divisions,  hairy. 

First  pair  oblong-ovate,  shallowly  pinnatifid  with  rounded  serru- 
late lobes,  1  cm.  long  including  the  petiole,  and  4  mm.  wide. 
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Benth.  et  Hook.  Gen.  PL  ii.  990. 

Fruit  and  Seed. — The  ovary  is  inferior,  half  or  wholly 
superior  and  one-celled  with  two  parietal  placentas  which  are 
bifid  and  slender  or  strong,  and  consist  each  of  two  broad 
revolute  plates  approaching  one  another  in  the  centre  of  the 
cell,  imperfectly  dividing  it  into  two  or  four  locelli ;  rarely  do 
they  cohere  at  the  base  or  beyond  the  middle  of  the  cell  as  in 
Monophylleea  and  Loxophyllum.    The  ovules  are  generally 
very  numerous,  and  densely  cover  the  placentas  on  all  sides 
or  at  their  margins  only ;  they  are  also  minute  and  anatropous. 
The  fruit  is  capsular,  rarely  fleshy,  and  in  the  Gesnerese 
dehisces  by  two  valves  between  the  persistent  calyx-lobes,  or 
rarely  at  a  dorsal  slit  at  the  base  as  in  the  genus  Monopyle. 
In  the  tribe  Cyrtandrete  it  is  indehiscent,  or  bursts  trans- 
versely, sometimes  by  two  valves  along  the  middle  of  the 
carpels,  or  at  the  placentas.    In  other  cases  it  is  four-valved 
with  the  valves  bearing  both  divisions  of  the  placentas  on  their 
middle  or  a  half  of  the  placentas  on  their  margms  ;  the  valves 
rarely  become  entirely  separated  from  the  placentas.  The 
seeds  are  very  numerous  and  minute,  pendulous  or  horizontal 
and  ovoid,  oblong,  fusiform  or  linear  with  a  striated  or  reticu- 
late testa  drawn  out  into  a  short  point  or  a  long  thread-like 
process  at  either  end.    Endosperm  is  more  rarely  scanty  and 
fleshy,  copious  or  absent.    The  embryo  is  straight  and  nearly 
as  long  as  the  endosperm  when  that  is  present,  with  short 
cotyledons  and  a  radicle  pointing  to  the  hilum. 

^ Seedlings.— The  cotyledons  of  seedlings  in  this  Order  are 
always  very  small  unless  one  or  both  become  fohaceous  by 
intercalary  growth.  Those  of  Sinningia  speciosa  are  smaU, 
rotund  and  never  attain  any  great  size.  Gesnera  macrautha 
has  broadly  ovate  or  triangular  cotyledons,  glandular  on  both 
surfaces  and  showing  a  midrib  only.  The  hypocotyl  com- 
mences to  thicken  soon  after  germination  and  forms  a  fleshy, 
globular  and  persistent  rootstock,  as  docs  also  Smnnigia 
speciosa.    The  first  pair  of  leaves  in  Gesnera  macrantha  are 
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roundly  ovate  and  entire ;  the  second  pair  are  roundly  oval  with 
a  few  crenatures ;  and  the  third  pair  are  cordate-ovate  and 
crenate.  All  the  three  pairs  are  developed  close  to  the  ground. 

A  very  curious  case  presents  itself  in  the  different  species 
of  Streptocarpus.  The  cotyledons  are  quite  normal  for  some 
time  after  germination.  They  are  small  or  even  minute, 
orbicular,  entire,  sessile,  and  thinly  glandular-hairy,  or  they 
develop  a  very  short  petiole  and  become  roundly  ovate  or 
triangular,  showing  a  midrib,  but  no  other  venation.  The 
different  stages  of  growth  after  germination  are  well  shown  by 
a  seedling  from  S-  Eexii  crossed  with  S.  lutea  (fig.  568). 
There  are  two  or  not  infrequently  three  cotyledons.  The 
first'  leaf  is  developed  from  one  of  them  by  intercalary 
growth  which  sets  in  at  the  base  of  the  lamina  and  con- 
tinues for  a  considerable  time.  The  original  and  true  lamina 
of  the  cotyledon  is  carried  up  on  the  apex  of  the  leaf, 
and  the  tip  is  therefore  the  oldest  part.  Finally  it  withers 
and  dies  away,  and  the  apex  of  the  leaf  dies  away  from 
above  downwards  in  the  same  fashion.  In  the  early  stage 
the  leaf  as  a  whole  becomes  obovate,  then  broadly  ovate 
and  obtuse.  It  retains  this  shape  for  some  time ;  but  ulti- 
mately becomes  oblong  or  strapshaped  with  a  more  or  less 
cordate  base,  attaining  a  length  of  six  to  ten  inches  or  more. 
This  type  of  Streptocarpus  develops  a  rosette  of  leaves,  the 
second  one  of  which  seems  to  arise  from  the  short,  thick  and 
fleshy  petiole  of  the  first.  S.  Eexii  var.  floribundus  is  a  strong- 
growing  form  of  the  species.  In  its  early  stages  it  behaves  in 
the  same  way  as  the  last,  the  first  leaf  being  developed  from 
one  of  the  cotyledons  by  intercalary  growth  at  the  base. 
A  rosette  of  leaves  is  ultimately  formed,  and  when  the 
plants  are  strong  the  leaves  vary  from  six  to  twelve  inches  or 
more  in  length.  The  cotyledons  of  S.  Dunnii  are  also  perfect 
and  normal  in  the  early  stages,  small,  rotund  and  entire. 
The  only  leaf  the  plant  produces  is  developed  from  one  of 
the  cotyledons  and  becomes  oblong,  narrowed  toward  the 
apex,  incurvi-penninerved,  lobulate  and  dentate,  cinereous 
above  from  the  presence  of  grey  hairs,  and  rusty  beneath  with 
reddish  ones ;  it  varies  from  twelve  to  thirty-six  inches  in 
length,  and  nine  to  twenty  inches  in  width  at  the  broadest  part. 
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Gesnfera  macrantha,  Sjjr. 

I'rwiary  root  slender,  terete,  apparently  branching  little  if  at 
all,  and  soon  superseded  by  strong  branching  lateral  rootlets  abun- 
dantly furnished  with  root-hairs,  all  orange-red. 

Hypocotyl  short,  globose,  fleshy,  pale  reddish,  increasing 
rapidly,  and  losing  its  epidermis  which  becomes  rent  into  longitu- 
dinal stripes,  2-4-5  mm.  in  diameter  sixty-six  days  after  sowing  the 
seed,  forming  the  persistent  rootstock  of  the  plant. 

Cotyledons  very  small,  broadly  ovate  or  triangular,  obtuse, 
entire,  petiolate,  glandular-pubescent  on  both  surfaces,  and  ciliate, 
pale  green  with  a  midrib  discernible  at  the  base  only  by  transmitted 
light ;  lamina  suddenly  narrowed  into  the  petiole,  apex  obtuse,  2-25- 
2*5  mm.  long  and  the  same  in  width  ;  petiole  about  1-1'25  mm.  long. 

Stem  herbaceous,  erect,  terete,  densely  glandular-hairy,  or 
almost  villous,  dying,  down  annually  to  the  persistent  tuberous  root- 
stock  ;  1st  internode  -5-1  mm.  long  ;  2nd  and  3rd  similar. 

Leaves  simple,  cauline,  opposite,  exstipulate,  petiolate,  alter- 
nately incurvinerved  with  the  nerves  more  or  less  united  at  theh 
apex  or  forming  intramarginal  not  very  conspicuous  reticulations, 
softly  hairy  or  villous  especially  on  the  upper  surface  with  shaggy 
whitish  hairs ;  petiole  semiterete,  channelled  above,  densely  hairy 
or  villous  with  more  or  less  glandular  hairs. 

First  pair  of  leaves  small,  broadly  ovate  or  rotund-ovate,  obtuse, 
entire,  with  a  midrib  and  a  few  alternate  incurved  nerves. 

Second  pair  much  larger,  oval  or  rotund-elliptic,  obtuse,  entire 
or  obsoletely  crenate- dentate,  with  a  more  evident  venation. 

Third  pair  cordate- ovate,  obtuse,  crenate. 

Streptocarpus  Rexii,  LinclL,  x  S.  lutea,  C.  B.  Clarke  (fig.  568). 

Primary  root  slender,  tapering,  with  a  few  lateral  rootlets. 

Hypocotyl  extremely  short  and  fleshy,  merging  into  the  root,  or 
hardly  developed. 

Cotyledons  small,  rotund,  shortly  petiolate,  subtruncate  at  the 
base,  apparently  nerveless,  light  green,  thinly  hairy ;  lamina  about 
1-5  mm.  in  diameter  ;  petiole  1  mm.  long. 

One  of  these  cotyledons  afterwards  becomes  the  first  true  leaf 
and  is  very  persistent,  attaining  a  large  size.  The  other  one  persists 
for  some  months  but  never  gets  larger. 

The  above  is  the  usual  origin  of  the  first  leaf,  but  seedhngs 
frequently  occur  having  three  cotyledons  ;  from  one  of  which  the 
first  leaf  is  produced  apparently  at  right  angles  to  the  others 
which  soon  cease  to  enlarge. 

Stem  very  short,  fleshy,  becoming  swollen  and  tuberous,  appear- 
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ing  continuotis  with  or  forming  a  petiole  to  the  first  leaf,  and  carry- 
ing it  above  the  other  cotyledon. 

Leaves  few,  simple,  radical,  alternate,  exstipulate,  sessile,  alter- 
nately and  ascendingly  penninerved,  densely  hairy  on  both  surfaces, 
but  especially  so  on  the  nerves  beneath,  with  fleshy,  crystalline, 
bulbous-rooted  hairs. 

No.  1.  Originally  ovate,  obtuse,  entire,  apparently  nerveless, 
afterwards  alternately  penninerved,  becoming  oblong,  and  crenate, 
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Fig.  568, — Streptocarpus  Bexh  x  S.  lutea.  A,  B,  C,  different  stages  of 
seedling,  x  5.  D,  older  seedling,  nat.  size :  FL,  first  leaf  ;  8L,  second 
leaf ;  G,  persistent  cotyledon.  E,  Seedling  witli  three  cotyledons,  from 
one  of  which  the  first  leaf  is  developed,  x  5. 


then  panduriform  by  a  wide  development  near  the  base,  below  which 
it  is  cordate  and  suddenly  cuneate  to  the  stalkless  base,  obtuse  at 
the  tip  and  thinly  hairy  denoting  the  persistence  of  the  cotyledon, 
subrugose,  with  the  primary  nerves  sunk  above,  prominent  beneath 
and  not  terminating  directly  in  the  teeth. 
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No.  2.  Originating  at  the  very  base  of  the  first  one,  and  oppo- 
site or  oblique  to  it. 

Streptocarpus  Dunnii,  Hook.  f. 

Cotyledons  perfect  and  normal  after  germination,  rotund,  entire, 
growing  until  they  reach  a  certain  size  (still  very  small)  when  one 
ceases  and  the  other  develops  into  a  large  leaf  as  described  below. 

Stem  very  short,  fleshy,  and  scarcely  distinguishable  from  the 
base  of  the  leaf. 

Leaf  developed  from  one  of  the  cotyledons,  solitary,  radical, 
simple,  ovate,  elongate,  obtuse,  obscurely  crenate,  very  persistent 
and  becoming  large,  ovate,  acuminate,  obtuse,  cuneate  at  the  base, 
but  compressed  there  and  appearing  cordate  where  it  suddenly 
widens,  lobulate,  ultimately  oblong,  coarsely  dentate,  alternately 
penninerved,  the  nerves  not  entering  the  lobes  directly,  but  uniting 
with  a  strong  branch  of  the  nerve  immediately  above,  and  forming 
a  span  which  is  less  than  a  right  angle,  reticulate,  rugose,  fleshy, 
densely  covered  with  short  fleshy  adpressed  pale  grey  hairs  with  a 
few  reddish  ones  intermixed,  cinereous  above,  rufous  beneath  from 
the  intermixture  of  pale  and  red  hairs,  with  prominent  projecting 
nerves  and  prominently  reticulated. 

Ultimately  the  leaf  "is  oblong,  obtuse,  slightly  narrowed  upwards, 
tapering  at  the  base  and  appearing  cordate  by  the  contiguous  sides, 
doubly  dentate  or  lobular-dentate  with  gland-tipped  teeth,  alter- 
nately incurvi-penninerved,  strongly  rugose  and  reticulate,  glandular- 
pubescent  on  both  surfaces,  cinereous  above,  rufous  or  reddish 
beneath,  twelve  to  thirty-six  inches  long  and  nme  to  twenty  inches 
at  the  broadest. 


BIGNONIACE^. 

Benth.  et  Hook.  Gcii.  PI.  ii.  102G. 

FrvAt  and  Seed.— The  ovary  is  superior,  two-ceUed,  with 
two  parallel,  distant  or  contiguous,  but  distinct  placentas, 
adnate  to  the  septum,  but  sometimes  though  rarely  one-celled 
with  two  parietal  bifid  placentas.  The  ovules  are  numerous, 
horizontal,  anatropous,  and  arranged  in  a  smgle  series  or 
rather  irregularly  in  one  to  many  series.  The  frmt  is  capsular, 
dehiscing  along  the  middle  of  the  carpels  or  breakmg  away 
from  the  septa ;  or  it  is  fleshy,  indehiscent  and  more  or  less 
filled  with  fibrous,  spongy  or  pulpy  placentas.    The  seea 
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is  transverse  to  the  longitudinal  axis  of  the  fruit,  and  inserted 
on  either  margin  of  the  septa  in  one  or  many  series  or  scattered 
over  the  septa  or  drawn-out  placentas.  It  is  more  or  less 
compressed  vertically,  often  flat,  and  often  girt  with  a  hyaline, 
rarely  opaque  wing  which  is  broad,  narrow  or  interrupted  in 
many  cases  at  the  base  and  apex.  The  testa  in  the  centre  of 
the  wing  is  membranous  or  leathery,  sometimes  thickened, 
and  at  the  apical  end  of  the  seed  or  at  the  chalaza  it  is 
intruded  or  pushed  into  the  cavity  of  the  seed,  sometimes 
almost  dividing  it  into  two  cells,  thus  accounting  for  the  very 
prevalent  bifid  character  of  the  cotyledons.  Endosperm  is 
wanting.  The  embryo  is  flattened  or  rarely  thickened,  with 
flat  or  rarely  folded,  bifid,  emarginate  or  rarely  entire  coty- 
ledons, which  are  often  broader  than  long.  The  radicle  is 
always  short,  often  very  short,  and  horizontal.  Some  excep- 
tions occur  in  the  Order,  as  in  Eccremocarpus  and  in  the 
Crescentieee  where  the  ovary  is  one-celled  with  two  parietal 
placentas.  The  fruit  is  often  abnormal  in  various  ways  in 
the  tribes  Jacaraudese  and  Crescentiese,  and  is  subfollicular  in 
Amphicome  and  Incarvillea.  The  seed  is  furrowed  or  the 
testa  partly  invaginated  in  species  of  Stereospermum,  and 
perfectly  intruded  between  the  cotyledons  in  Kigelia.  The 
seeds  are  few  and  thick  in  Argylia. 

All  the  seeds  noticed  are  much  flattened  and  winged  ;  they 
may  be  divided  into  those  which  have  the  wing  continuous 
round  the  apex  of  the  seed,  and  those  in  which  it  is  absent  at 
the  base  and  apex.  Dolichandrone  Cauda-felina  is  the  only 
typical  instance  of  the  latter  observed.  The  seed  is  oblate, 
perfectly  straight  at  the  base  and  apex,  while  the  testa  is 
produced  into  a  wing  at  either  side,  and  obliquely  trun- 
cate at  the  two  ends.  The  portion  of  the  seed  containing 
the  embryo  occupies  the  whole  of  the  centre.  This  peculiar 
form  of  the  seed  is  due  to  that  of  the  fruit  which  is  a  long, 
narrow  pod  with  the  seed  occupying  the  whole  width  of 
the  cavity.  The  embryo  is  large,  nearly  as  wide  as  the. 
seed,  and  is  oblate,  with  the  cotyledons  deeply  emarginate 
or  shallowly  bifid  at  the  apex.  The  lobes  are  rounded  in 
conformity  with  the  seed,  and  the  extremely  short  radicle 
occupies  a  shallow  basal  notch.    The  latter  is  due  to  the 
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presence  of  the  radicle  which  has  to  be  accommodated.  The 
apical  emargination  or  fissure  is  due  to  the  intrusion  of  the 
testa  at  that  point  where  the  chalaza  is  situated,  as  explained 
under  Bignonia  speciosa.  Catalpa  speciosa  most  nearly  ap- 
proaches to  the  above,  inasmuch  as  the  seed  is  oblate  and 
strongly  winged  at  either  end,  but  the  wing  is  continuous 
at  the  apex,  though  not  very  wide,  and  is  also  continuous  at 
the  base  except  for  a  deep  notch  at  the  hilum.  It  is  deeply 
fringed  or  lacerated  at  either  end.  The  greatly  widened  seed 
and  its  short  longitudinal  axis  are  due  to  the  narrowness 
of  the  long,  slender,  cylindrical  fruit.  The  embryo  is  oblate 
and  much  constricted  in  the  middle,  almost  dividing  the 
cotyledons  into  two  equal  suborbicular  portions.  The  radicle 
occupies  one  notch. 

A  good  type  of  a  seed  with  a  continuous  wing  is  furnished 
by  Pithecoctenium  Aubletii.     The  thickened  portion  of  the 
testa  containing  the  embryo  is  not  central,  and  the  really 
membranous  portion  is  absent  at  the  Hnear  or  oblong  hilum. 
The  embryo  is  oblate,  deeply  constricted  in  the  middle  with 
open  notches  and  an  extremely  short  radicle.    Oroxylum  in- 
dicum  is  another  instance  of  a  broadly  winged  seed,  and  the 
wing  is  slightly  but  irregularly  dentate  at  the  margin.  The 
embryo  differs  from  that  of  the  last  by  having  the  lobes  im- 
bricated at  the  apical  fissure,  almost  hiding  the  latter.  The 
radicle  is  deeply  seated  in  the  basal  notch  which  is  otherwise 
open.    The  fruit  of  Bignonia  speciosa  is  oblong,  flattened  and 
densely  covered  with  tubercular  spines  or  emergences.  The 
seeds  are  arranged  in  two  rows  in  each  cell  upon  widely  sepa- 
rated placentas,  and  are  much  imbricated,  the  lower  ones  always 
overlapping  the  upper.   They  are  oblate  and  broadly  wmged ; 
and  the  embryo  is  constricted  in  the  middle  with  rather  wide 
notches.    Bignonia  insignis  differs  by  having  its  cotyledons 
fleshy,  amalgamated  in  one  piece,  and  subterranean  even  after 
germination.    The  embryo,  however,  conforms  in  shape  to  the 
other  species  in  all  general  particulars.  Pajanelia  multijuga  has 
rather  narrowly  winged  seeds.    The  embryo  is  deeply  bifid  at 
the  apex  but  hardly  notched  at  the  base,  while  the  radicle  is 
inconspicuous.    It  is  not  central.    This  also  occurs  m  Stere^o- 
spermum  suaveolens,  but  the  wing  is  broader  at  each  side 


BIGNONIACEyE 


335 


than  it  is  at  the  base  or  apex  of  the  seed.  The  embryo  is 
similar  to  that  of  the  last. 

The  fruit  of  Incarvillea  01g£e  is  a  linear,  slender  and  terete 
capsule.  The  seeds  are  pendulous  in  two  rows,  and  imbri- 
cated, the  uppermost  being  outermost ;  they  are  also  numerous 
and  small.  The  wing  is  continuous  except  at  the  base.  The 
embryo  is  central  or  nearly  so,  with  oval,  shallowly  emar- 
ginate  cotyledons  distinctly  auricled  at  the  base.  The  radicle 
projects  considerably  beyond  the  base  of  the  auricle.  The 
fruit  of  Eccremocarpus  scaber  is  an  inflated  capsule  ovate- 
oblong  in  outline.  The  seed  is  orbicular  and  compressed 
with  the  wing  continuous  round  the  margin  except  at  the 
hilum  where  there  is  a  small  notch.  That  part  of  the  testa 
in  which  the  embryo  is  situated  is  black  and  obovate  in 
outline.  The  embryo  is  broadly  obovate  or  oblate  in  outline 
when  mature,  and  the  cotyledons  are  Buborbicular  and  entire. 
The  oblate  outline  is  more  developed  after  germination.  This 
species  is  one  of  the  few  cases  occurring  in  the  Order  of  a 
one-celled  ovary  with  two  parietal  placentas. 

Seedlings. — About  half  a  dozen  different  types  of  cotyledons 
have  come  under  my  notice,  but  only  one  of  them  is  of  very 
frequent  occurrence,  and  most  of  the  others  are  more  or  less 
evidently  modifications  of  it.  This  leading  type  may  be  repre- 
sented by  Catalpa  Kaempferi  (fig.  571).  The  cotyledons  are 
oblate  and  deeply  bifid  with  rounded  entire  diverging  lobes. 
The  midrib  terminates  in  the  sinus,  and  represents  the  real 
length  of  the  lamina.  The  lobes  are  lateral  developments 
dependent  upon  the  shape  of  the  seed,  and  that  again  is 
due  to  the  shape  of  the  capsule  which  is  long,  narrow,  sub- 
cylindrical  and  pod-like.  The  seeds  being  inserted  on  the 
placenta  at  right  angles  to  the  longitudinal  axis  of  the  capsule, 
they  attain  a  larger  size  than  they  otherwise  could,  by  growing 
in  breadth.  The  cotyledons  therefore  develop  the  lateral  lobes, 
which  gives  them  their  characteristic  form,  in  order  to  occupy 
the  additional  space  afforded  them,  right  and  left  of  their  longi- 
tudinal axis.  The  cotyledons  of  C.  syringaefolia  are  divided 
nearly  to  the  base  of  the  lamina.  Those  of  C.  speciosa 
are  not  quite  so  deeply  divided,  but  are  otherwise  similar 
and  show  the  venation.    They  are  trinerved  from  the  base, 
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and  the  lateral  nerves  run  down  the  centre  of  the  lateral 
lobes,  giving  off  a  few  strong  branches.  The  midrib  forks  or 
gives  off  two  lateral  branches  close  beneath  the  sinus,  and 
these  pass  along  the  contiguous  edges  of  the  lobes  a  short  way 
within  the  margin.  The  first  pair  of  leaves  of  C.  Ksempferi 
are  ovate  followed  by  two  subcordate  pairs.  All  the  three  pairs 
in  C.  syringfefolia  are  cordate.  The  first  pair  in  C.  speciosa 
are  subcordate  followed  by  three  cordate  pairs.  In  aU  cases 
these  primary  leaves  are  slightly  dentate.  The  ultimate  leaves 
are  entire  or  sometimes  shallowly  tritid  in  C.  Ksempferi. 

The  cotyledons  of  Tecoma  stans  closely  correspond  to 
those  of  Catalpa  syringsefoha  and  are  also  trinerved.  The 
first  five  pairs  of  leaves  are  however  lanceolate,  acuminate 
and  sharply  serrate.  The  cotyledons  of  Tecoma  Manglesii 
are  similarly  divided,  but  without  discernible  venation  in 
the  fresh  state,  and  the  lobes  overlap  one  another  at  the 
sinus.  The  first  pair  of  leaves  are  small,  ovate  and  entire. 
The  second  pair  are  digitately  trifoliolate,  and  the  third  pair 
pinnately  trifoliolate,  both  with  more  or  less  toothed  leaflets. 
The  fourth  and  fifth  pairs  have  five  leaflets ;  the  sixth  and 
seventh  have  seven  leaflets ;  and  the  eighth  and  ninth  have 
nine.  The  cotyledons  of  Spathodea  adenophyha  may  be 
compared  with  those  of  Tecoma  stans.  The  first  pah  of  leaves 
are  oblong-lanceolate  and  serrate. 

A  slight  modification  of  the  above  is  met  with  m  Spath- 
odea campanulata  (fig.  572).  The  cotyledons  are  oblate  and 
shallowly  bifid  or  deeply  emarginate.  An  obscure  midrib  is 
the  only  venation  apparent.  The  first  three  pairs  of  leaves 
are  elliptic,  serrated  except  in  the  lower  third  of  their  length, 
and  hairy.  Tecoma  radicans  differs  only  m  showmg  three 
branching  nerves  in  the  cotyledons.  Those  of  Kigelia  piuuata 
have  five  branching  nerves  from  the  base.  The  hypocotyl 
is  subterranean  or  very  short ;  and  the  first  three  leaves  are 
rather  large,  lanceolate-oblong  and  serrate.  The  cotyledons 
of  Eccremocarpus  scaber  (fig.  574)  are  broadly  emargmate 
with  a  tooth  in  the  notch,  trinerved  at  the  base  with  a  pair 
of  strong  lateral  nerves  about  the  middle,  thinly  glandular- 
hairy  on  both  surfaces  and  glandular-ciliate.  The  hypocotyl 
is  also  finely  glandular-pubescent.    The  first  pair  of  leaves 
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are  rotund  and  five-  to  seven-angled  with  a  strong  nerve 
running  into  each  angle  or  tooth.  The  ultimate  leaves 
are  bipinnatisect. 

Crescentia  Cujete  (fig.  575)  represents  a  third  type  having 
broadly  oblong-ovate,  emarginate,  three-  or  faintly  five-nerved 
cotyledons.  The  first  pair  of  leaves  are  elliptic,  and  the 
ultimate  ones  are  greatly  elongated  and  vary  from  linear- 
lanceolate  to  elliptic-lanceolate. 

The  cotyledons  of  Pithecoctenium  muricatum  (fig.  570) 
are  triangular,  slightly  emarginate,  and  obsoletely  trifid.  The 
first  two  pairs  of  leaves  are  pinnately  trifoliolate  with  elliptic 
leaflets. 

A  fifth  type  is  met  with  in  Incarvillea  Olgse  (fig.  573) 
which  has  triangular,  emarginate  cotyledons,  truncate  at  the 
base  and  faintly  multinerved  or  striated.  The  two  first  pairs 
of  leaves  are  ovate  with  a  few  serratures  about  the  middle. 
I.  compacta  differs  in  having  reniform,  trinerved,  broadly 
and  shallowly  emarginate  cotyledons.  The  first  leaf  is  oblong, 
slightly  emarginate,  cordate  at  the  base,  but  otherwise  entire 
and  unsymmetrical. 

The  sixth  type  occurs  in  Bignonia  insignis  (fig.  569)  and 
is  the  only  instance  of  the  kind  observed.  The  cotyledons 
are  thick,  fleshy,  and  amalgamated  in  one  piece,  and  remain 
in  the  seed  after  germination,  keeping  fresh  for  many  weeks 
even  if  they  fail  to  germinate.  The  first  pair  of  leaves 
are  small  and  scale-like  ;  the  second,  third  and  fourth  pairs 
are  cordate,  foHaceous  and  simple ;  while  the  fifth  pair 
have  each  a  pair  of  leaflets  and  a  terminal  tripartite  hooked 
tendril. 

Bignonia  insignis,  Hort.  (fig.  569). 

Sypocotyl  undeveloped  or  short  and  subterranean. 

Cotyledons  oblate,  more  or  less  emarginate,  deeply  subter- 
ranean and  remaining  in  the  oblate  winged  seeds  until  these 
decay,  shortly  petiolate,  with  the  petioles  unequally  developed  to 
accommodate  the  exit  of  the  plumule. 

Stem  in  the  early  stages  erect,  terete,  finely  and  minutely 
pubescent,  pale,  dull  or  brownish-green,  sometimes  rosy  red,  ultim- 
ately woody  and  climbing  ;  1st  internode  2-2-4  cm.  lonff  •  2nd 
0-14  mm.  ' 

II. 
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Leaves  cauline,  opposite,  decussate,  exstipulate,  petiolate,  alter- 
nately incurvinerved  and  reticulate,  glabrous  except  at  the  margin 

and  on  the  principal 
nerves  where  they  are 
shortly  and  minutely 
pubescent,  deep  green 
above,  very  pale  or 
whitish  beneath ;  peti- 
ole terete,  with  a 
slender  channelled  line 
on  the  upper  side, 
densely  and  minutely 
pubescent,  articulated 
with  the  stem,  and 
slightly  thickened  at 
the  insertion. 

First  pair  of  leaves 
reduced  to  lanceolate- 
acuminate,  pale  green, 

Fig.  m^.—Bignonia  insignis.  minutely  pubeSCent 

Nat.  size.  scales. 

Second  and  third  pairs  cordate-ovate,  apiculate,  entire,  fohaceous. 

Fourth  pair  simple  but  sometimes  articulated  with  the  petiole. 

Fifth  pair  compound  with  one  pair  of  leaflets,  and  terminating 
in  a  tripartite,  slender,  hooked  tendril  by  which  the  plant  is 
enabled  to  climb. 

Pithecoctenium  muricatum,  Moc.  (fig.  570). 
Hypocotyl  erect,  terete,  minutely  pubescent,  1-1-6  cm.  long, 
light  green. 

Cotyledons  broadly  ovate,  obtuse,  slightly  emarginate,  obsoletely 
and  obtusely  tri-lobed  or  -angular,  increasing  considerably  in  size 
after  emerging  from  the  seed,  petiolate,  minutely  pubescent,  dark 
green,  five-nerved ;  petioles  short,  thin,  pubescent,  deeply  furrowed 
on  the  upper  face. 

S'tem  erect,  terete,  herbaceous,  ultimately  woody,  pubescent; 
1st  internode  8-10  mm.  long ;  2nd  about  the  same. 

First  leaves  cauline,  opposite,  compound,  trifoliolate,  petiolate, 
exstipulate,  pubescent;  leaflets  obovate-oblong,  obtuse,  entire  or 
minutely  emarginate,  petiolulate,  often  unsymmetrical,  ciliate, 
green,  pinnatinerved  ;  petioles  long,  thin,  pubescent,  channelled  on 
the  upper  side. 
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Catalpa  Kaempferi,  Sieb.  et  Zuco.  (fig.  571). 

Primary  root  normal,  tapering,  flexuose,  and  abundantly  fur- 
nished with  lateral  rootlets. 

Hypocotyl  woody,  erect, 
terete,  finely  pubescent,  pur- 
plish, 1-2  cm.  above  the  soil. 

Cotyledons  deeply  bipar- 
tite, with  rotund,  entire,  di- 
varicate segments ;  petiole 
somewhat  flattened  horizon- 
tally, or  slightly  convex  on 
both  surfaces,  shallowly 
grooved  above,  finely  pubes- 
cent ;  lamina  glabrous,  7  mm. 
long,  13  mm.  from  tip  to  tip 
of  the  lobes. 

Stem  woody,  erect,  terete, 
finely  pubescent,  pale  green 
or  tinged  with  purple ;  1st 
internode  11  "5  mm.  long  ;  2nd 
8'5  mm. 

Leaves  simple,  cauline,  op- 
posite, or  verticillate  in  whorls 

of  three,  exstipulate,  petiolate,   

pubescent  above,  at  the  mar-  pig.  m.—Pithecocteniummuricatuvi,  x  2.. 
gins  and  on  the  nerves  be- 


neath or  all  over,  three-  to 
five-nerved  at  the  base  (the 
two  anterior  of  the  basal  four 
much  the  stronger  and  run- 
nmg  into  the  side  lobes  of  the 
leaf  in  the  adult  plant),  rather 
dark  green  above,  and  stained 
with  purple  when  unfolding, 
paler  beneath  ;  petioles  of  the 
first  pair  shghtly  grooved 
above,  of  the  second  pair  flat- 
tened above,  of  the  third  pair 
terete  or  subterete,  pubescent 
—of  the  adult  leaves  terete  or 
sometimes  slightly  channelled 
on  the  upper  half. 


Pig.  571.— Catalpa  Kcempferi. 
Half  nat.  size. 
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First  pair  ovate,  obtuse,  unequal  at  the  base,  with  one  or  two 
obsolete  teeth  on  each  side. 

Second  pair  ovate-cordate,  obtuse,  submucronate,  five-nerved, 
and  shallowly  dentate  in  the  lower  half. 

Third  pair  ovate,  cordate,  acuminate,  five-nerved  in  the  lower 
half  and  dentate  along  two-thirds  of  their  length. 

Ultimate  leaves  large,  cordate,  entire  or  triangular  or  shortly 
trifid  above  the  middle,  five-nerved  at  the  base ;  lateral  lobes  small, 
triangular,  obtuse  or  acuminate ;  middle  lobe  short,  broad,  tri- 
angular, suddenly  acuminate. 

Catalpa  syringsefolia,  Bunge,  var.  speciosa. 

Hypocotyl  as  in  C.  Kfempferi ;  3  cm.  above  the  soil. 

Cotyledons  very  similar  to  those  of  C.  Kaempferi  but  larger, 
trinerved  at  the  base  with  the  middle  one  termmating  in  the 
notch ;  lobes  broadly  obovate,  2  cm.  long,  3-15  cm.  from  the  tip 
of  one  to  the  tip  of  the  other. 

Stem  sparingly  pubescent  and  covered  with  lenticels,  green, 
and  purphsh  towards  the  base ;  1st  internode  2-65  cm.  long ;  2nd 
2-7  cm. ;  3rd  2-4  cm. 

Leaves  similar  ,to  those  of  C.  Ksempferi,  opposite,  decussate. 

First  paix  of  leaves   suboordate,   acuminate,   distantly  and 

minutely  dentate. 

.Second  and  third  pairs  cordate,  acuminate,  entire. 

Fourth  pair  cordate,  acuminate,  distantly  dentate  on  the  lower 

half. 

Catalpa  bi^nonioides,  Walt. 
Hypocotyl  as  in  C.  Kaempferi. 

Cotyledons  deeply  bipartite  nearly  to  the  base  of  the  lamma, 
glabrous  except  the  basal  part  and  both  surfaces  of  the  petiole ; 
real  length  of  the  lamina  about  3  mm.;  lateral  lobes  1-3-1-5  cm. 
long,  1-1-15  cm.  mde ;  width  across  both  lateral  lobes  2-4-2-6 
em  •'  midrib  ending  below  the  smus  and  giving  off  from  each  side 
two  lateral  nerves  which  run  into  the  lobes  and,  uniting  some  distance 
below  their  apex,  give  off  numerous  smaller  anastomosing  branches ; 
petiole  cuneate,  tapering  to  the  base,  grooved  on  the  upper  surface 
by  the  upturning  of  the  edges,  convex  on  the  back,  strongly  tn- 
nerved,  finely  and  densely  glandular-pubescent  or  papillose,  about 

^  ^'ilTs^opposite,  decussate,  and  ternately  verticillate,  unequal, 
alternately  ineurvinerved  and  reticulate,  papillosely  glandular  on 
the  nerves  on  both  surfaces  and  margin,  deep  green  above,  paler 
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beneath;  petioles  subterete  and  shallowly  grooved,  or  terete  and 
obsoletely  channelled  above,  glandularly  papillose  especially  on  the 
upper  surface. 

First,  second  and  third  pairs  cordate,  acute  or  subacute,  unequal, 
enth-e. 

Tecoma  stans,  Juss. 

Hypocotyl  erect,  terete,  pubescent  with  short,  spreading  or 
deflexed  haks,  green,  about  1"6  cm.  above  the  soil. 

Cotyledons  deeply  bi-fid  or  -partite  with  rotund-obovate,  divari- 
cate lobes,  trinerved  with  the  middle  nerve  ending  in  the  sinus, 
glabrous,  pubescent  at  the  margin,  green  above  and  covered  with 
minute  grey  dots,  very  pale  beneath,  tapering  into  the  petiole ; 
lamina  1"2  cm.  long,  2*2  cm.  from  the  tip  of  one  lobe  to  that  of  the 
other  ;  petiole  grooved  above,  tapering  to  the  base. 

Stem  erect,  terete,  green,  pubescent ;  1st  internode  3'2  cm. 
long  ;  2nd  1"1  cm. ;  3rd  7  mm. ;  4th  8  mm. 

Leaves  simple,  ultimately  compound,  cauline,  opposite,  decussate, 
exstipulate,  petiolate,  glabrous,  shining,  penninerved  with  alternate, 
ascending  nerves,  subincurved  towards  their  apex ;  petioles  semi- 
terete,  deeply  channelled  above,  sparingly  pubescent. 

Fhst  and  second  paks  lanceolate,  incise-serrate. 

Third  and  fourth  pairs  lanceolate,  acummate,  cuneate  at  the 
base,  incise-serrate. 

Tecoma  Manglesii,  ?  Sort. 
Hypocotyl  very  short. 

Cotyledons  small,  deeply  bi-lobed  or  -partite  ;  lobes  oblate,  over- 
lappmg  without  any  discernible  venation,  mmutely  pubescent  on 
the  upper  side  ;  lamina  •75-1-25  mm.  to  the  base  of  the  smus ; 
lobes  about  4-5  mm.  long  and  6  mm.  wide ;  petiole  about  -5  mm. 
long. 

Stem  erect  at  first,  rather  acutely  quadangular,  pale  green  and 
straight  for  the  first  five  nodes,  above  which  it  commences  to  twist 
and  then  to  twine,  glabrous  except  at  the  nodes  where  the  bases 
of  the  petioles  are  comiected  by  a  ridge  furnished  with  hairs, 
purple  above  the  fifth  node  ;  1st  internode  1-75  mm.  long  ;  2nd 
8-25  mm. ;  3rd  1-1  cm. ;  4th  1-45  cm. ;  5th  2-15  cm. ;  6th  3-25  cm  • 
7th  5-15  cm. 

Leaves  compound,  imparipmnate  (first  pair  simple),  cauUne, 
opposite,  exstipulate  with  a  horizontal  rim  or  plate  comiectmg  the 
bases  of  the  petioles,  scaberulous  on  both  surfaces,  deep  green  and 
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shining  above,  paler  beneath  or  glaucous ;  rachis  of  leaf  narrowly 
winged ;  leaflets  articulated  with  the  rachis,  alternately  penni- 
nerved  with  the  nerves  incurved  at  the  top  and  uniting  one  with 
another  forming  a  few  large  reticulations  ;  petiole  semiterete, 
rather  deeply  grooved  above,  or  very  narrowly  mnged  at  the  edges, 
thinly  pubescent. 

First  pair  of  leaves  small,  ovate,  obtuse,  simple,  entire. 

Second  pair  digitately  trifoliolate ;  lateral  leaflets  obovate, 
shghtly  crenate  or  entire ;  terminal  one  eUiptic,  crenate-dentate, 
tapered  to  the  base.  ^ 

Third  pair  piimately  trifoUolate  ;  lateral  leaflets  cuneate,  coarsely 
and  obtusely  dentate  ;  terminal  one  rhomboid,  shaUowly  lobulate  or 

coarsely  dentate. 

Fourth  pair  puinately  five-foholate ;  lateral  leaflets  cuneate, 
the  terminal  one  elhptic,  aU  coarsely  dentate,  undulate  at  the  margm. 

Fifth  pair  similar  but  larger. 

Sixth  and  seventh  pairs  seven-foUolate  ;  lateral  leaflets  rotund, 
cuneate,  flat,  irregularly  crenate  or  obtusely  dentate. 

Eighth  and  ninth  pairs  pinnately  nine-foUolate  ;  lateral  leaflets 

cuneate,  crenate,  often  almost 
entire  ;  terminal  one  lanceo- 
late-eUiptic,  obtuse. 

Spathodea  campanulata, 
Bemov.  (fig.  572). 

Hypocotyl  1-2  cm.  long, 
2-3  mm.  thick,  woody, 
terete,  glabrous,  greyish. 

Cotyledons  nearly  equal, 
1-5  cm.  long  including  the 
short  petiole,  1*25  cm. 
wide,  broadly  oblate,  shortly 
bifid  with  the  apex  of  the 
two  short  lobes  rounded, 
glabrous,  Hght  green,  rather 
caducous ;  midrib  obscure. 
Stemvnih  internodes  5  mm. long,  2  mm.  thick,  terete,  pubescent, 

green  Avith  white  bands. 

Leaves  simple  in  the  early  stage  of  the  seedUng,  ultimately  com- 
pound, pinnate,  cauline,  opposite,  exstipulate,  petiolate,  alternately 
and  ascendingly  penninerved,  hairy  ;  early  leaves  simple  and  serrate ; 
leaflets  of  the  leaves  of  adult  plants  said  to  be  entire. 

First  pair  elUptic,  irregularly  serrated,  mth  sunk  midrib,  penm- 


FiG.         Spathodea  campanulata. 
Nat.  size. 
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nerved,  shortly  petiolate,  hispid  or  slightly  scabrous,  membranous, 
not  very  persistent. 

Second,  third  and  fourth  pairs  inclusive  or  a  smaller  number, 
similar  but  larger. 

Fifth  pair  with  one  or  two  small  leaflets  at  base  of  blade  quite  or 
partly  detached. 

Sixth  pair  pinnate. 

Incarvillea  Olgse,  Begel  (fig.  573). 

Hypocotyl  erect,  terete,  glabrous,  pale  green,  1-1-7  cm.  long. 

Cotyledons  triangular,  obtuse,  shallowly  emarginate,  truncate  at 
the  base,  obscurely  and  alternately  mcurvinerved, 
deep  opaque  green,  petiolate ;  lamina  5-6  mm. 
long,  4-7  mm.  wide ;  petiole  shghtly  channelled 
above,  glabrous,  almost  biconvex,  connate  at  the 
base,  6-10  mm.  long. 

Stem  herbaceous,  erect,  terete,  glabrous,  pale 
green  or  stained  with  red  ;  1st  internode  2*75  mm. 
long  ;  2nd  4  mm. 

Leaves  simple,  cauhne,  opposite,  exstipulate, 
petiolate,  alternately  pennmerved,  glabrous,  deep 
green  above,  paler  beneath,  shining  on  both  sur- 
faces ;  petioles  semiterete,  glabrous,  channelled 
above,  subconnate  at  the  base. 

Fnst  pair  ovate,  obtuse,  minutely  cuspidate, 
with  one  to  two  small  serratures  on  each  side, 
about  the  middle. 

Second  pair  similar,  but  more  acutely  cuspi- 
date. 


Fig.  578. 

Incarvillea  Olgce. 
Nat.  size. 


Incarvillea  oompacta,  Maxim. 

Hypocotyl  short,  not  appearmg  above  the  soil. 

Cotyledons  almost  reniform,  broadly  cordate 
at  the  base,  emarginate,  obtuse,  with  long  petioles,  fleshy,  dark 
green,  glabrous,  indistinctly  trinerved. 

First  leaves  simple,  radical,  alternate,  minutely  emarginate,  cor- 
date at  the  base,  oblong,  unsymmetrical,  one  side  of  the  leaf  extend- 
ing farther  down  the  petiole  than  the  other,  exstipulate,  with  very 
long  petioles,  bright  green  on  the  upper  side,  subglaucous  beneath, 
glabrous,  pinnatinerved. 

Eccremocarpus  scaber,  Buiz  et  Pav.  (fig.  574). 
Primary  root  slender,  fibrous,  giving  off  lateral  branches. 
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Hypocotyl  erect,  terete,  glandular-pubescent,  almost  colourless, 
1-1'8  cm.  long. 

Cotyledons  subreniform,  deeply  and 
broadly  emarginate  with  a  mucro  in  the 
sinus,  two  alternate  incurved  nerves  on  each 
side,  thinly  glandular-hairy  on  both  surfaces 
and  glandular-ciliate ;  lamina  4-5  mm, 
long,  6-7  "5  mm.  wide  ;  petiole  semiterete, 
decurrent  on  the  hypocotyl  or  subconnate, 
glandular-pubescent,  channelled  above, 
3-4"  5  mm.  long. 

Stem  herbaceous,  slender,  erect,  ulti- 
mately climbing  ;  1st  internode  •5-1  mm. 
long. 

Leaves  simple,  cauline,  opposite,  ex- 
stipulate,  petiolate,  alternately  penninerved, 
glandular-hairy  on  both  sm'faces,  bright 
green ;  petioles  semiterete,  channelled 
above,  somewhat  dilated  at  the  base, 
glandular-haky. 

First  pair  rotund,  obtuse,  five-  to 
Eccremocarjius  scaber,  x  2.    seven-angled  or  -toothed,  with  a  strong 

nerve  entering  each  tooth,  which  is  tipped 

with  a  mucro. 

Ultimate  leaves  bipinnatisect  and  terminating  in  a  simple  or 
branched  cirrhus,  by  which  the  plant  is  enabled  to  climb. 

Crescentia  Cujete,  L.  (fig.  575). 

Hypocotyl  erect,  terete,  minutely  and  finely  pubescent,  pale  green, 
1'5-1"8  cm.  above  the  soil. 

Cotyledons  broadly  ovate-oblong,  very  obtuse,  rather  deeply  and 
narrowly  emarginate,  appearing  subcordate  from  a  sudden  curvature 
at  the  base  of  the  lamina,  petiolate,  trinerved  with  a  few  short  alter- 
nate nerves  directed  upwards,  light  green  above,  paler  beneath, 
glabrous  ;  lamina  l-2-l'35  cm.  long,  1-15  cm.  wide ;  petiole  with 
a  shallow  furrow  on  each  side  of  a  median  ridge,  minutely  pubescent, 
pale  green,  connate  at  the  base,  ascending  and  bearing  the  lamina 
horizontally,  4  mm.  long. 

Stem  erect,  subterete  in  a  very  early  stage  vnth.  a  shallow  furrow 
on  two  sides,  very  shortly  pubescent,  pale  green,  ultimately  woody, 
with  a  pale-coloured,  rough  and  knotty  bark ;  1st  internode  8- 
10  mm.  long. 

Leaves  simple,  cauline,  entu-e,  fascicled  or  opposite  on  the  seed- 
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ling,  exstipulate,  shortly  petiolate  or  almost  sessile,  alternately  in- 
curvinerved,  deep  green  above,  paler  beneath,  with  the  nerves 
sunk  on  both  surfaces,  ob- 
scurely reticulate,  glabrous  ; 
petiole  very  short  or  almost 
absent,  grooved  on  the  upper 
side  by  the  decurrent  margin 
of  the  leaf. 

First  pair  of  leaves  obovate- 
elliptic,  tapered  to  the  base, 
obtuse  and  tipped  with  a  small 
mucro. 

Ultimate  leaves  irregularly 
grouped  or  fascicled,  lanceolate, 
oblong-lanceolate,  linear-lan- 
ceolate or  elhptic-lanceolate, 
very  variable  in  length,  gene- 
rally much  tapered  to  both 
ends,  obtuse,  alternately  penni- 
nerved,  with  the  nerves  in- 
curved and  givmg  off  recurved  STS.-Crescen^w  Cujete, 
,  JNat.  size. 

branches,  forming  an  arch,  and 

in  aU  cases  uniting  with  one  another,  and  anastomosing  some  distance 
within  the  margin,  much  punctate  beneath,  decurrent  almost  to  the 
very  base,  reducing  the  petiole  to  its  much  thickened  base. 


PEDALINE^. 

Benth.  et  Hook.  Gen.  PI.  ii.  1054. 

Fruit  and  Seed.—^he  ovary  is  superior,  sometimes  one- 
celled  with  two  parietal  placentas  each  divided  into  two  lamella 
projecting  into  the  cavity ;  sometimes  two-  rarely  three-  or 
four-celled  with  the  cells  undivided,  or  in  other  cases  sub- 
divided by  spurious  septa  or  ingrowths  from  the  wall.  The 
ovules  are  solitary  in  each  cell  or  numerous  and  superposed 
m  a  single  series,  horizontal,  ascending,  pendulous,  or  erect 
from  the  base  and  anatropous.  The  fruit  is  capsular,  nut- 
like, or  more  rarely  subdrupaceous,  with  a  fleshy  endocarp. 
The  endocarp  as  well  as  the  placentas  or  even  the  whole 
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fruit  becomes  very  much  hardened  at  maturity,  and  is  often 
also  prickly,  dehiscing  loculicidally  by  two  valves  at  the  apex 
or  almost  throughout  its  length  or  it  is  indehiscent.  Internally 
it  is  two-celled  or  divided  into  locelli  twice  as  numerous  as  the 
carpels.  The  seeds  vary  in  number  as  the  ovules,  arise  from 
the  inner  angles  of  the  cells,  and  are  obovate,  oblong,  or  orbi- 
cular and  often  compressed.  The  testa  is  smooth  or  depressed 
into  little  areolae,  and  sometimes  though  rarely  it  is  expanded 
into  a  hyaline  wing.  As  endosperm  is  wanting,  the  embrj'o 
conforms  to  the  seed  and  has  flat  or  plano-convex  some- 
what fleshy  cotyledons,  with  a  short  straight  radicle  close  to 
the  hilum. 

The  seeds  of  Sesamothamnus  are  compressed  or  flattened 
and  winged  ;  in  some  species  of  Sesamum  they  are  also  some- 
what compressed  and  narrowly  two-wmged. 

The  ovary  of  Martynia  proboscidea  consists  of  two  carpels, 
and  is  one-celled  with  numerous  ovules  superposed  on  two 
parietal  placentas.  The  fruit  is  somewhat  baccate,  but  ulti- 
mately dehiscent.  The  seed  is  obovate,  compressed  and  rugose, 
with  the  external  coat  very  much  thickened  and  hardened. 
The  inner  coat  is  membranous,  hugs  the  embryo  pretty 
closely,  and  is  shorter,  as  a  rule,  than  the  testa  when  the 
seed  is  dry,  leaving  an  empty  space  at  the  end  next  the 
hilum.  The  embryo  is  straight  with  obovate,  three-  or  faintly 
five-nerved  cotyledons  slightly  auricled  around  the  radicle,  and 
shallowly  emarginate  owing  to  a  thickening  at  the  chalaza. 

Seedlings.— The  seedlings  of  Martynia  are  glandular-hairy 
all  over  and  notable  for  their  great  size,  particularly  for 
the  length  of  the  hypocotyl.  The  cotyledons  of  Martynia 
fragrans  are  roundly  oblong,  broadly  and  shallowly  emargi- 
nate, and  auricled  at  the  base,  with  several  ascendmg  branch- 
ing nerves  on  each  side  of  the  midrib.  The  first  pair  of  leaves 
are  oblong-oval,  much  smaller  than  the  cotyledons,  and  like 
them  densely  and  coarsely  glandular-hairy.  The  cotyledons 
of  M.  proboscidea  are  comparatively  narrower  than  the  last, 
and  oblong,  deeply  auricled  at  the  base,  and  five-nerved. 
They  fall  away  rather  early.  The  leaves  are  opposite  and 
densely  glandular-hairy.  The  first  pair  are  oblong-cordate  and 
five-nerved.    The  second  pair  are  roundly  cordate  and  five- 
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nerved,  -while  the  third  pair  are  similar  but  very  much  larger 
and  five-  to  seven-nerved. 

Martynia  proboscidea,  Gloxin. 

Pistil  surrounded  at  the  base  by  a  disc  ;  ovary  one-celled,  many- 
ovuled  ;  ovules  pendulous,  anatropous  ;  radicle  superior. 

Fmit  a  subdrupaceous  or  rather  sub-baccate  capsule,  one-celled, 
with  two  broad  or  lamellate  parietal  placentas,  many-seeded,  dehis- 
cing locuhcidally.  It  terminates  in  two  long  curved  horns,  which 
attach  themselves  to  animals  and  so  disseminate  the  plant.  I  have 
ah-eady  figured  it  in  '  Flowers,  Fruits  and  Leaves  '  (fig.  51). 

Seed  obovate,  dorso-ventrally  compressed,  rugose  and  raised  into 
numerous  short,  blunt  projections  round  the  margins,  but  especiaUy 
of  the  upper  half  ;  testa  thick,  cortical,  rough,  black ;  tegmen  thin, 
almost  membranous,  white  ;  hUum  close  to  the  apex  on  the  ventral 
aspect,  forming  an  open  cavity  when  dry  ;  micropyle  basal  and  con- 
tiguous to  the  hilum  ;  chalaza  more  or  less  prominent  and  thickened 
extemaUy,  and  also  forming  a  more  or  less  evident  thickening  on 
the  inner  coat,  most  evident  when  moist  and  discoloured. 

Endosperm  absent. 

Embryo  straight,  large,  obovoid,  dorso-ventrally  compressed, 
conforming  closely  to  the  tegmen,  colourless  ;  cotyledons  obovate, 
plano-convex,  emarginate  at  the  chalaza,  three-  or  indistinctly 
five-nerved  from  the  base  upwards,  thick  and  fleshy,  auricled  at 
the  base  to  fiU  the  seed  while  accommodating  the  radicle ;  radicle 
very  stout,  blunt,  turbinate,  short  and  only  shghtly  protruded 
beyond  the  cotyledons. 

Seedling-. 

Primary  root  tapering  downwards,  with  numerous  lateral  rootlets 
immediately  at  the  base  of  the  hypocotyl,  brownish-orange,  annual. 

Eypocotyl  erect,  terete,  densely  glandular-hairy  or  pubescent, 
pale  green,  stout,  fleshy,  6  cm.  long. 

Cotyledons  large,  oblong,  obtuse,  cordate  or  auricled  at  the  base, 
coarsely  hairy  on  both  surfaces,  petiolate,  dull  green  ;  lamina  2  cm. 
long,  1-3  cm.  wide ;  petiole  channelled  above,  about  2  cm.  long. 

Stem  herbaceous,  annual,  stout  or  fleshy,  erect,  terete,  pale  green, 
densely  glandular-hairy  ;  1st  mternode  2-35  cm.  long  ;  2nd  1-3  cm. ; 
8rd  1  cm.  ;  4th  9  mm. 

Leaves  simple,  cauline,  opposite,  decussate,  exstipulate,  petiolate, 
five-  to  seven-nerved  with  ascending,  slightly  mcurved  nerves,  reticu- 
late, densely  glandular-hairy  all  over,  viscid,  odoriferous,  dull  green ; 
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petioles  subterete,  narrowly  channelled  above,  stout,  tapering  towards 
the  apex,  densely  glandular-hairy,  pale  green. 

First  pair  oblong-cordate,  obtuse,  entire,  slightly  wavy  at  the 
margin,  five-nerved. 

Second  pair  rotund-cordate,  obtuse,  entire,  five-nerved  ;  three  of 
the  nerves  spring  directly  from  the  apex  of  the  petiole  and  are  naked, 
that  is  without  parenchyma  on  the  sides  at  the  base. 

Third  pair  rotund-cordate,  obtuse,  five-  to  seven-nerved,  obscurely 
and  distantly  dentate  at  the  apex  of  the  principal  nerves  and  veins  ; 
three  prmcipal  nerves  as  in  the  second  pair. 

Fourth  pair  with  closed  or  overlapping  auricles  at  the  base,  and 
more  decidedly  dentate  at  the  apex,  otherwise  hke  the  third. 

Martynia  fragrans,  Lindl. 

Hypocotyl  as  m  M.  proboscidea,  densely  glandular-hairy,  7- 
10' 5  cm.  long.  • 

Cotyledons  somewhat  fleshy,  broadly  oblong  or  subrotund,  emar- 
ginate,  auricled  at  the  base  with  a  long  channelled  petiole,  covered 
with  glandular  hairs,  pinnatmerved  as  in  the  leaves. 

Stem  as  in  M.  proboscidea  ;  1st  internode  1-1-2  cm.  long. 

First  leaves  opposite,  oval-oblong,  obtuse,  shortly  petiolate,  cihate, 
covered  with  glandular  hairs,  hght  green,  pinnatinerved. 


ACANTHACE^. 

Benth.  et  Hook.  Oen.  PI.  ii.  1060. 

Fruit  and  Seed. — The  ovary,  consisting  of  two  carpels, 
is  superior,  two-celled,  and  undivided.  The  ovules  are  collateral 
in  pairs  in  each  cell  of  Thunbergia ;  in  the  tribe  Nelsonieje  they 
are  numerous  and  superposed  in  a  double  series ;  and  in  all 
other  tribes  they  vary  from  two  to  many,  but  seldom  exceed 
eight,  and  are  arranged  in  a  single  series  or  alternately  one 
above  the  other.  In  all  cases  they  are  anatropous  or  shortly 
amphitropous.  The  fruit  is  a  capsule  (except  in  Mendoncea 
where  it  is  one-seeded  and  drupaceous),  globose,  oblong,  oblong- 
linear,  terete  or  compressed  in  various  ways,  equal  from  the 
base  upwards,  or  contracted  at  the  base  forming  a  solid,  seed- 
less stalk.  It  dehisces  loculicidally  from  the  apex  to  the  base, 
including  the  solid,  seedless  portion,  and  often  bursts  elastic- 
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ally  with  some  force,  the  valves  carrying  with  them  the  seed- 
bearing  half-placentas.  The  seeds  vary  in  number  as  the 
ovules,  but  are  frequently  fewer  by  abortion.  In  Thunbergia 
and  in  the  tribe  Nelsonie^e  they  are  globose  or  orbicular  and 
dorsally  compressed  with  a  ventral  hilum.  In  other  tribes 
they  are  laterally  compressed  and  ascending,  with  the  hilum 
basal  and  marginal.  The  funicle  is  hardened  and  incurved, 
forming  the  hook-like  process  (retinaculum)  upon  which  the 
seed  is  borne ;  sometimes  this  hook  is  produced  beyond  the 
point  of  attachment  to  the  seed.  The  testa  is  membranous  or 
thickened,  often  variously  corrugated  or  raised  into  little  points; 
it  is  sometimes  smooth  or  covered  with  mucilage  which  when 
dry  forms  a  covering  resembling  adpressed  hairs.  Endosperm 
is  wanting  except  in  the  species  belonging  to  the  tribe  Nel- 
Boniese.  In  other  groups  the  embryo  occupies  the  whole  of 
the  interior  of  the  seed,  and  conforms  to  its  cavity.  The 
cotyledons  are  orbicular,  flat  or  plano-convex,  and  cordate  at 
the  base.  The  radicle  is  short  and  straight  or  bent  obliquely 
to  the  axis  of  the  cotyledons,  and  occupies  the  basal  notch  of 
the  latter. 

The  ovule,  embryo  and  seed  are  often  variously  abnormal 
in  the  tribes  Thunbergiese,  Nelsoniese  and  the  subtribe  Andro- 
graphidese.  The  ovules  for  instance  of  Thunbergia  fragrans 
are  amphitropous  ;  the  seeds  are  orbicular,  dorsally  comj)ressed 
and  concave  on  the  ventral  face  where  the  hilum  is  situated.  The 
embryo  occupies  the  whole  interior  of  the  seed  and  is  concave 
on  the  ventral  aspect  in  conformity  with  the  seed.  The 
cotyledon  on  the  ventral  aspect  has  its  edges  recurved, 
partly  covering  the  outer  one  on  the  dorsal  aspect. 

About  four  other  types  have  come  under  my  observation. 
The  ovules  of  Acanthus  spinosus  are  amphitropous  or  semi- 
anatropous  and  twin  in  each  cell.  The  embryo  is  trans- 
versely oval  and  slightly  emarginate  in  a  young  state,  gradually 
becoming  more  orbicular  as  it  reaches  maturity,  and  the 
radicle  is  wholly  included  between  the  close-fitting  auricles 
of  the  cotyledons.  This  is  better  seen  in  the  longitudinal 
section  of  the  seed  of  A.  longifoHus  (fig.  579)  which  has  trans- 
versely oval  cotyledons  somewhat  indented  near  the  chalaza, 
aJid  deeply  auricled  around  the  radicle.    They  are  piano- 
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convex,  with  the  radicle  nearly  on  the  opposite  side  of  the  seed 
from  the  hilum. 

A  very  common  type  is  represented  by  Strobilanthes  cal- 
losus  which  has  orbicular  nearly  flat  five-nerved  and  reticu- 
lated cotyledons,  deeply  and  unequally  auricled  at  the  base, 
nearly  concealing  the  radicle.  The  latter  is  terete  and  in 
its  lower  half  curved  round  one  edge  of  the  cotyledons.  The 
seed  is  slightly  and  obliquely  indented  at  its  insertion  on  the 
retinaculum.  The  cotyledons  are  shortly  petiolate  while  yet 
in  the  seed ;  but  the  strong  auricles  spread  out  and  partly  dis- 
appear after  germination. 

Euellia  longifolia  (fig.  577)  differs  from  the  last  in  having  a 
straight  radicle  and  equal  or  nearly  equal  auricles.  The  flat 
orbicular  seed  is  not  indented  at  the  hilum,  but  is  shghtly 
prominent  at  its  insertion  on  the  retinaculum.  It  is  also 
papillosely  hairy  round  the  margin,  with  hairs  of  a  mucila- 
ginous nature  which  swell  in  water.  The  seed  of  Eranthemum 
leuconeurum  (fig.  580)  is  rotund-ovate,  flattened  and  unsym- 
metrical,  with  a  slight  indentation  above  the  base  on  one  side. 
There  is  a  little  tubercle  or  elevation  at  the  hilum,  and  the 
testa  is  produced  into  a  little  sac  at  the  base  to  accommodate 
the  radicle,  which  is  not  surrounded  by  the  cotyledons.  The 
latter  are  minutely  auricled  at  the  base,  trinerved  and  reticu- 
late. This  peculiar  conformation  of  the  seed  gives  the  coty- 
ledons a  cuneate  outline  which  becomes  much  more  apparent 
after  germination.  In  the  seedlings  examined  they  were  much 
more  symmetrical  than  while  yet  in  the  seed,  and  shghtly 
emarginate. 

Seedlings. — The  cotyledons  in  this  Order  are  mostly  if  not 
always  large  in  comparison  with  the  size  of  the  seed  and 
fohaceous.  Although  always  of  simple  types,  they  are  exceed- 
ingly varied  in  form. 

A  somewhat  frequent  form,  represented  by  Dipteracanthus 
micranthus,  has  suborbicular  emarginate  trinerved  cotyledons 
shallowly  but  generally  unequally  auricled  at  the  base.  In 
this  instance  the  hypocotyl  is  very  short ;  and  the  first  pair 
of  leaves  are  oval.  The  cotyledons  of  KueUia  barbadensis 
are  five-nerved  but  otherwise  similar.  Those  of  Hygrophila 
longifolia  are  almost  truncate  at  the  base.    The  hypocotyl  is 
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elongated  ;  and  the  first  pair  of  leaves  are  lanceolate.  Many 
others  conform  pretty  closely  to  this  type.  A  curious  dimor- 
-phism  of  the  leaves  may  be  noted  in  Asystasia  coromandeliana. 
The  first  two  pairs  of  leaves  are  ovate,  followed  by  others 
which  become  broader  and  shorter  until  they  are  almost 
rotund  on  the  upper  part  of  the  plant.  The  leaves  of  the 
first  pair  produced  on  the  primary  branches  are  small, 
generally  very  unequal  in  size  and  obovate,  emarginate,  or 
broadly  ovate  and  cuspidate,  or  one  of  the  two  may  be  small, 
orbicular  and  entire.  Succeeding  ones  gradually  assume  the 
normal  form. 

Another  type  where  the  cotyledons  are  very  much  shortened 
and  almost  reniform  is  represented  by  Blechum  Brownei.  In 
this  species  they  are  emarginate,  truncate  at  the  base,  but 
cuneate  at  their  attachment  to  the  petiole  and  five-nerved.  The 
cotyledons  of  Strobilanthes  gossyj)inus  differ  slightly  in  being 
entire,  trmerved,  larger  and  almost  truncate  at  the  base. 
The  primary  internodes  are  very  short,  and  the  two  first 
pau:s  of  leaves  are  broadly  ovate,  densely  hairy,  and  overlap 
one  another  in  a  decussate  manner.  Dipteracanthus  pros- 
tratus  agrees  with  the  last,  but  the  cotyledons  are  five-nerved. 
The  cotyledons  of  Strobilanthes  callosus  correspond  more 
closely  to  the  type ;  they  are  deeply  and  widely  cordate  at  the 
base,  foliaceous,  and  measure  2-5-2-9  cm.  long,  by  4-2-4-4  cm. 
wide.  The  hypocotyl  is  of  considerable  length,  and  so  are 
the  primary  internodes  of  the  stem.  This  also  appHes  to 
Phaylopsis  parviflora  (fig.  578)  although  in  a  less  degree. 
The  cotyledons  have  a  rather  longer,  trinerved  lamina  than 
in  Blechum  Brownei ;  and  the  primary  leaves  are  ovate  with 
finely  incurved  alternate  nerves. 

Peristrophe  speciosa  (fig.  583)  represents  a  third  type 
having  obliquely  obovate,  cuneate,  emarginate,  trinerved 
cotyledons.  The  first  pair  of  leaves  are  ovate  with  a  well- 
marked,  incurved,  penninerved  venation.  The  cotyledons 
of  P.  bicalyculata  are  similar  but  smaller  and  unsym- 
metrical.  The  first  pair  of  leaves  are  lanceolate.  In  Eran- 
themum  leuconeurum  (fig.  581)  the  cotyledons  are  still 
smaller  than  the  last,  very  slightly  emarginate,  and  sym- 
metrical  or  nearly  so.    The  first  two  pairs  of  leaves  are 
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very  broadly  oval.  The  cotyledons  of  Thunbergia  alata  (fig. 
576)  are  rotund-oblong,  entire,  cuneate  at  the  base  and  tri- 
nerved  with  long  petioles,  as  the  hypocotyl  scarcely  appears 
above  ground.  The  first  two  pairs  of  leaves  are  triangular- 
hastate,  slightly  and  irregularly  dentate,  five-nerved  and 
suddenly  decurrent  upon  the  long  petioles,  forming  narrow 
wings  to  them.  Asystasia  coromandeliana  (fig.  582)  diff'ers  in 
having  unsymmetrically  orbicular  slightly  emarginate  cotyle- 
dons, suddenly  tapering  into  their  petioles.  The  leaves  of 
first  pair  are  ovate  with  an  incurved  anastomosing  venation 
similar  to  that  of  Peristrophe  speciosa.  A  very  remarkable 
type  is  met  with  in  Thunbergia  reticulata ;  the  cotyledons 
are  unequal,  orbicular,  trinerved,  cordate  at  the  base  and 
minutely  denticulate  at  the  margin,  particularly  the  larger 
one  which  has  a  peculiar  elevation  in  the  centre.  Another 
case  of  unsymmetrical  cotyledons  is  met  with  in  Dicli- 
ptera  resupinata  where  they  are  oblong,  emarginate,  tri- 
nerved and  rather  deeply  sinuated  on  one  side  or  almost 
falcate.  Those  of  Justicia  bracteata  are  obovate-oblong, 
emarginate,  trinerved,  and  somewhat  reticulated.  Another 
curious  development  in  the  same  direction  is  met  with  in 
Schwabea  ciliaris,  which  has  oblong,  emarginate,  one-nerved, 
fleshy,  shortly  petiolate  cotyledons.  The  hypocotyl  is  greatly 
elongated  and  finely  hairy,  as  is  the  first  internode  of  the 
stem.  The  first  three  pairs  of  leaves  are  lanceolate  and 
penninerved  with  ascending  nerves" 

Thunbergia  alata,  Boj.  (fig.  576). 

Hypocotyl  short,  terete,  pale  green,  densely  pubescent. 

Cotyledons  large,  foliaceous,  petiolate,  deep  green  above,  paler 
beneath,  densely  pubescent  on  both  surfaces  ;  lamina  rotund-oblong, 
trinerved,  subcuneate  at  the  base,  2-6  cm.  long,  2'5  cm.  wide ;  petiole 
chamielled  above,  pubescent,  2-7  cm.  long. 

-Stem  herbaceous,  erect,  ultimately  twining,  terete,  thickened  at  the 
nodes,  densely  pubescent,  green,  purple  at  the  nodes  ;  1st  internode 
1-7  cm.  long;  2nd  6-5  cm.;  3rd  7*2  cm.;  4th  17  cm.;  5th 
15  cm. 

Leaves  simple,  cauline,  opposite,  exstipulate,  petiolate,  softly  and 
densely  pubescent  on  both  sides,  ultimately  rough  and  scabrous  above, 
and  deep  green,  paler  beneath ;  petioles  convex  on  both  sm-faces, 
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■vringed  nearly  to  the  base,  pubescent,  ultimately  scabrous  like  the 
leaves. 

First  pair  triangular-ovate,  obtuse,  truncate  at  the  base  and  sub- 
hastate,  irregularly  dentate,  five-nerved. 


Fig.  576.— Thunbergia  alata.   Half  nat.  size. 

^  Second  and  third  pairs  triangular-hastate,  subcordate  at  the  base, 
irregularly  dentate,  five-nerved. 

Fourth  and  fifth  pairs  triangular-cordate,  subhastate,  sUghtly 
dentate  or  subentire,  five-nerved. 

Thunbergia  reticulata,  Eochst. 

Sypocotyl  erect,  terete,  pubescent,  3-4  cm.  long,  green,  with 
a  recidish  tnige. 
II. 

A  A 


354  ON  SEEDLINGS 

Cotyledons  simple,  unequal,  orbicular,  obtuse,  slightly  emargiiiate, 
cordate  at  the  base,  the  larger  one  shghtly  denticulate,  the  smaller 
one  nearly  or  quite  entire  ;  the  larger  has  also  a  raised  portion  in  the 
centre  caused  probably  by  the  funicle,  which  is  central,  petiolate, 
pubescent  on  the  upper  side,  glabrous  beneath  ;  midrib  wth  numerous 
lateral  veinlets. 

Stem  erect,  herbaceous  in  the  seedling  stage. 

First  leaves  ovate,  acute,  simple,  entire,  opposite,  cauline,  pube- 
scent or  hairy,  Ught  green,  reticulate. 

The  seeds  are  dorsally  compressed ;  the  cotyledons  lying  -with 
their  faces  towards  the  hilum,  which  is  very  conspicuous,  causing  a 
deep  indentation  in  the  cotyledon,  the  one  which  is  nearest  the  hilum 
being  considerably  thicker  than  the  other,  almost  twice  the  thickness ; 
the  seed  is  exalbumuious. 


Hygrophila  longifolia,  Nees. 

Hypocotyl  erect,  terete,  with  a  few  minute  hau-s,  about  2  cm.  long, 
tinged  with  red. 

Cotyledons  large,  broadly  oblong  or  almost  triangular-rotund, 
obtuse,  muautely  emargmate,  petiolate,  glabrous  except  a  few  hairs 
on  the  petioles,  duU  green,  alternately  pinnatmerved  as  in  the  leaves, 
but  more  indistinctly. 

Primary  internodes  of  stem  undeveloped. 

First  leaves  simple,  entire,  radical,  opposite,  lanceolate,  obtuse, 
ciliate,  otherwise  glabrous,  petiolate,  exstipulate,  light  green,  dis- 
tinctly pinnatinerved. 

Euellia .longifolia,  T.  Anders,  (fig.  577). 

Ovary  stipitate,  two-celled,  many-ovuled  (about  six  to  eight  in  a 
cell)  ;  ovules  erect  or  vertical,  anatropous  ;  radicle  inferior. 

Fruit  a  capsule,  oblong,  stipitate,  dorsally  compressed  with  a  . 
lateral  groove  and  a  shghtly  conspicuous  dorsal  midrib,  tipped  with  ; 
the  shortly  conical  jpersistent  base  of  the  style,  glandular-pubescent,  . 
obtusely  subquadrangular,  dehiscing  locuUcidally. 

Seed  orbicular,  laterally  much  compressed,  lyhig  m  the  hooked 
processes  of  the  placenta  which  are  given  off  right  and  left  alternately, 
minutely  reticulate  or  wavy  on  the  flattened  faces  and  papillose  at 
the  margin  ;  hilum  and  micropyle  contiguous,  basal,  inferior. 

Endosperm  in  the  full  grown  seed  just  before  maturity,  fomimg 
a  thin,  white  layer,  entirely  surromiding  the  embryo 

Embryo  straight,  conforming  to  the  ulterior  of  the  seed,  large, 
colourless  ;  cotyledons  orbicular,  flat,  deeply  auricled  at  the  base. 
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three-  or  five-nerved,  with  the  lateral  nerves  giving  oflf  two  very- 
strong  branches  from  theii'  posterior  side  at  the  base  into  the 
auricles  which  are 
large,  deltoid,  obtuse 
and  slightly  mi- 
equal,  lyuig  m  the 
broad  plane  of  the 
seed,  and  conforming 
in  outline  to  its 
interior  with  their 
basal  edges  to  the 
hooked  process  of 
the  placenta,  and 
their  backs  to  the 
axis ;  radicle  oblong- 
fusiform,  tapered  to 
an  obtuse  point  and 
projectmg  about  one- 
third  of  its  length  or  less  beyond  the  auricles,  and  having  its  tip 
close  to  the  hilum  and  micropyle. 

Ruellia  barbadensis,  Benth.  et  Hook. 

Hypocotyl  erect,  terete,  glabrous,  1*0-1'5  cm.  long,  Hght  green 
or  colourless. 

Cotyledons  suborbicular  or  almost  reniform,  obtuse,  emarginate, 
petiolate,  glabrous,  Hght  green,  five-nerved,  almost  truncate  at  the 
base ;  petiole  rather  long,  channelled  on  the  upper  side. 

Stem  erect,  terete, pubescent,  herbaceous ;  1st  internode  l'5-2  mm. 
long. 

Dipteracanthus  micranthus,  Engelm.  et  Gray. 

Hypocotyl  erect,  terete,  pubescent,  3-4  mm.  long,  light  green  or 
colourless. 

Cotyledons  broadly  oblong,  obtuse  or  triangular,  entire  or  minutely 
emarginate,  cordate  at  the  base,  petiolate  with  rather  long  petioles, 
glabrous  except  on  the  petioles,  dark  green,  pinnatinerved,  the  lower 
nerves  much  longer  than  the  others. 

Stem  erect,  terete,  herbaceous,  ultimately  woody,  pubescent ;  1st 
internode  4-5  mm.  long. 

First  leaves  simple,  entu-e,  cauline,  opposite,  exstipulate,  oblong- 
oval,  obtuse,  shortly  petiolate,  ciliate,  pubescent,  light  green,  alter- 
nately pinnatinerved. 

A  A  2 
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Fig.  577. — Biiellia  longifolia,  x  10.  A,  longitudinal 
section  of  seed :  SAu,  smaller  auricle  ;  S,  radicle ; 
LAu,  larger  auricle ;  P,  endosperm ;  T,  testa  ;  FH, 
fringe  of  hairs.  13,  transverse  section  of  seed  :  C,  coty- 
ledon ;  T,  testa  ;  P,  endosperm  ;  FH,  fringe  of  liairs. 
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Dipter acanthus  prostratus,  Nees. 

Hypocotyl  short,  scarcely  appearing  above  the  soil. 

Cotyledons  oblate  or  almost  reniform,  entire,  slightly  auricled  at 
the  base,  glabrous,  green,  five-nerved  at  the  base  ;  petiole  long,  flat, 
hairy,  channelled  above. 

Stem  as  in  last  species,  but  covered  %vith  long,  dense,  white  hairs  ; 
1st  internode  2-2-5  cm.  long  ;  2nd  3-4  cm. ;  3rd  about  2  cm. 

First  leaves  opposite,  decussate,  broadly  lanceolate  or  elliptic, 
cuneate  at  the  base,  obtuse,  shallowly  crenate,  cUiate,  hairy  ;  petioles 
stout,  hairy,  almost  flat,  scarcely  channelled  above. 

Phaylopsis  parviflora,  Willd.  (fig.  578). 

Hypocotyl  erect,  terete,  pubescent  with  decurved  hairs,  purphsh, 
about  1"6  cm.  above  the  soil. 

Cotyledons  semiorbicular,  emarginate,  trmicate  at  the  base  or 


Fig.  578. — Phaylopsis  parviflora.   Nat.  size. 

tapering  shghtly  into  the  petiole ;  lamina  glabrous,  7  mm.  long 
1  cm.  wide  ;  petiole  channelled  above,  pubescent,  7-5  mm.  long. 

Stem  herbaceous,  erect,  quadrangular,  somewhat  thickened  at  the 
nodes,  pubescent  wnth  short  decui-ved  hairs,  and  somewhat  bearded 
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at  the  young  nodes,  puriohsh;  1st  internode  2  cm.  long  ;  2nd  1  cm. 
or  more  when  fully  developed. 

Leaves  simple,  cauhne,  opposite,  exstipulate,  petiolate,  alter- 
nately incurvinerved,  pubescent  on  both  surfaces,  deep  green  above, 
very  pale  or  subglaucous  beneath  (at  least  when  young) ;  petioles 
convex  on  both  surfaces,  densely  pubescent  with  upcurved  hairs 
which  are  arranged  in  lines  on  the  upper  surface,  shghtly  grooved 
on  each  side. 

Hairs  of  leaves  glandular  at  the  base  (at  least  when  yomig). 
first  and  second  pairs  broadly  ovate,  obtuse,  entire,  subcuneate 
at  the  base. 

Third  pair  ovate,  obtuse,  shallowly  dentate. 

Blechum  Brownei,  Juss. 

HypoGolyl  erect,  terete,  hairy,  2-2-4  cm.  long,  hght  green  or 
colourless. 

Cotyledons  oblate,  obtuse,  almost  truncate  at  the  base,  entire 
or  minutely  emarginate,  petiolate,  shghtly  hairy,  hght  green,  five- 
nerved  ;  petiole  rather  long,  channelled  on  the  upper  face. 

Stem  erect,  square,  herbaceous,  ultimately  woody,  pubescent ; 
1st  internode  6-15  mm.  long  ;  2nd  shorter. 

First  leaves  simple,  entire,  cauline,  opposite,  decussate,  broadly 
ovate  or  oval,  obtuse,  exstipulate,  petiolate,  hairy  and  green  above, 
minutely  hairy  and  subglaucous-green  beneath,  pinnatinerved ; 
petioles  short,  hairy,  furrowed  on  the  upper  side. 

Strobilanthes  oallosus,  Nees. 

Ovary  two-celled,  with  one  ovule  in  each  cell ;  ovule  erect,  ana- 
tropous,  seated  on  the  middle  of  a  twice  curved  process  of  the 
placenta  (retinaculum). 

Fruit  a  capsule,  elhptic,  dorsally  compressed,  glabrous,  pale 
brown,  shining,  somewhat  woody,  dehiscing  locuhcidally  and  septici- 
daHy,  two-celled  with  one  seed  in  each  cell. 

Seed  large,  flat,  laterally  compressed,  suborbicular,  obhquely  cut 
away  at  the  base  on  one  side  of  the  hilum,  where  it  rests  on  the  free 
apex  of  the  retuiaculum,  9  mm.  long,  8  mm.  wide,  1-6-2-26  mm. 
thick  in  the  middle,  becoming  thumer  towards  the  edges,  exal- 
buminous  ;  testa  thin,  membranous,  covered  with  whitish,  adpressed 
mucilagmous  hairs,  except  a  smaU,  ovate,  glabrous  space  on  each 
side  at  the  base. 

Embryo  very  large,  and  occupying  the  whole  of  the  seed,  except 
a  small  portion  at  the  obhquely  cut  base  which  is  occupied  with 
cortical  matter,  colourless ;  cotyledons  large,  suborbicular,  deeply 
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notched  at  the  base,  plano-convex  with  a  conspicuous,  ramifying 
and  forked  venation,  the  larger  lateral  veins  being  ascending  and 
incurved  and  the  basal  ones  recurved  to  support  the  large  auricles, 
very  shortly  petiolate  in  the  seed ;  radicle  terete,  straight  in  the 
upper  portion  where  it  hes  between  the  auricles  of  the  cotyledons, 
and  in  the  lower  portion  curved  to  that  side  next  the  base  of  the 
retinaculum,  to  the  middle  of  which  it  is  attached. 

Seedling. 

Hypocotyl  erect,  terete,  striate  or  furrowed,  covered  with  lines 
of  white  hairs,  2-2-5  cm.  above  the  soil. 

Cotyledons  reniform,  very  large,  deeply  and  widely  cordate  at  the 
base,  glabrous  except  the  petiole  and  base,  deep  green  above,  whitish 
beneath  ;  lamina  2-5-2-9  cm.  long,  4-2-4-4  cm.  mde  ;  petiole  sub- 
terete  or  shghtly  flattened  at  the  base  on  the  upper  side,  hairy,  3-5- 
3'8  cm.  long. 

Stem  erect,  terete,  shghtly  channelled,  hau-y ;  1st  intemode 
5-6  cm.  long  ;  2nd  6-8  mm. 

Leaves  simple,  cauhne,  opposite,  exstipulate,  petiolate,  alternately 
ineurvinerved,  hairy,  crenate-serrate ;  petioles  biconvex,  or  with  an 
elevated  midrib  above. 

First  and  second  pairs  ovate,  acuminate,  obtuse, 

Strobilanthes  gossypinus,  T.  Anders. 

Hypocotyl  pubescent,  3-8  mm.  long,  reddish-green. 

Cotyledons  coriaceous,  oblate  or  almost  reniform,  rather  unequal, 
obtuse,  shghtly  cordate  at  the  base,  entire,  glabrous  except  on  the 
petioles,  dark  green,  trmerved. 

Stem  erect,  terete,  herbaceous,  pubescent ;  1st  intemode  3-5  mm. 
long ;  2nd  shorter. 

First  leaves  opposite,  decussate,  shortly  petiolate,  ovate,  subacute 
or  obtuse,  densely  pubescent,  dark  green,  alternately  pmnatmerved. 

Acanthus  longifolius,  Eost.  (fig,  579). 

Ovary  two-celled,,  each  cell  two-ovuled ;  owles  alternately  super- 
posed, amphitropous  ;  radicle  transverse. 

Fruit  a  capsule,  ovoid-oblong,  shghtly  contracted  or  narrowed  at 
the  base,  and  suddenly  narrowed  at  the  tip,  glabrous,  shuung,  pale 
brown,  two-celled,  with  each  cell  one-  to  two-seeded,  dehiscing 
elastically  when  dry  along  the  dorsal  suture  and  placentas  from  base 
to  apex  into  two  pieces  each  of  which  consists  of  half  each  carpel ; 
pericarp  separating  into  two  coriaceous  layers. 
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Seed  large,  obliquely  oblong  or  ovate,  dorso-ventrally  compressed, 
but  chiefly  ventrally,  smooth  or  variously  wrinlded  and  ridged  ;  testa 
coriaceous,  deep  brown ;  tegmen  thicker,  paler ;  hilum  obliquely 
basal ;  micropyle  on  the  opposite 
side  from  the  hilum  and  near  the 
middle  of  the  seed  ;  seed  13  mm, 
long,  7-10  mm.  broad,  5  mm. 
thick. 

Endosperm  absent  in  the  ma- 
tm-e  seed ;  but  previous  to  ma- 
turity forming  a  layer  or  cup  en- 
closing the  growing  embryo,  close 
to  the  hilum  and  at  the  base  of 
the  seed,  fleshy. 

Embryo  straight,  transverse, 
large  and  ultimately  occupying 
the  whole  interior  of  the  seed ; 
cotyledons  oblate-orbicular,  plano- 
convex, rather  deeply  cordate  at  the  base  vsdth  the  auricles  closed 
over  the  radicle,  and  having  an  obUque  impression  on  one  side 
near  the  apex  caused  by  the  attachment  of  the  retinaculum,  equal 
iu  length  and  breadth  to  the  seed,  closely  appUed  face  to  face ; 
radicle  transverse  to  the  seed,  short,  obtuse,  included  between  the 
cotyledons. 

Acanthus  spinosus,  L. 

Ovary  surrounded  at  the  base  with  an  annular  disk,  two-celled ; 
ovules  attached  a  Httle  above  their  bases  to  long  retinacula  of  which 
there  are  two  in  each  cell  pointing  alternately  right  and  left ;  ovules 
obHque,  amphitropous  or  semianatropous,  with  the  radicle  in  the 
growing  condition,  at  a  point  in  a  diagonal  line  with  the  insertion 
on  the  retmaculum. 

Capsule  obovoid,  compressed  or  subcompressed,  antero-posteriorly 
tipped  with  the  woody  remains  of  the  base  of  the  style,  or  its  whole 
length,  glabrous,  deep  green  and  shining. 

Seed  elhptic,  compressed,  with,  a  slender  ridge  along  the  dorsal 
and  ventral  flattened  aspects,  on  the  latter  of  which  it  is  grooved 
towards  the  base  by  pressure  against  the  retinaculum,  glabrous, 
brown  ;  hilum  obliquely  basal ;  testa  very  thick  and  succulent  when 
growing. 

Endosperm  in  the  growing  seed  firm,  transparent,  succulent  and 
watery,  occupying  the  lower  part  of  the  seed,  stretching  across  the 
interior  diagonally  and  abutting  against  the  embryo,  gradually 


Pig.  579. — Acanthus  longifolius,  x  3. 
Longitudinal  section  of  seed :  M, 
micropyle ;  B,  radicle ;  A,  auricle  of 
cotyledon ;  Gh,  chalaza. 
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becoming  less  as  the  embryo  develops,  and  finally  disappearing  when 
the  seed  approaches  maturity. 

Embryo  straight  in  the  young  condition,  plano-convex,  colourless, 
fleshy ;  cotyledons  at  an  early  stage  transversely  oval,  entire,  gradu- 
ally becoming  orbicular  or  occasionally  angled. 

Eranthemum  leuconeurum,  Fisch.  (fig.  580). 
Ovary  two-celled,  each  cell  two-ovuled ;  ovules  erect,  anatropous; 
radicle  inferior. 

Fruit  a  capsule,  oblong,  cuspidately  acute,  stipitate,  dorsally 
compressed,  pubescent  with  incurved  hairs  and  tipped  mth  the 
persistent  style,  two-celled,  and  four-seeded  or  fewer  by  abortion, 


A 


Fig.  580. — Eranthemum  leuconeurum,  x  12.  A,  longitudinal  section 
of  seed :  Au,  auricle ;  B,  radicle ;  H,  hilar  proceBB ;  T,  testa.  B,  trans- 
verse section  of  seed ;  Cs,  cotyledons. 

dehiscing  locuUcidally  and  elastically  when  mature,  scattering  the 
seeds  ;  retinacula  produced  beyond  the  seed  into  subulate,  acute 
points,  and  curved  upwards. 

Seed  suborbicular,  notched  at  the  base,  much  compressed  by 
the  dorsal  flattening  of  the  capsule,  lying  on  the  retinaculum 
in  the  broader  way  of  the  cell,  somewhat  unequal  at  the  base,  with 
the  point  containing  the  radicle  shghtly  longer  and  extending 
towards  the  side  of  the  capsule ;  testa  rather  thin,  reticulated  or 
raised  into  irregular,  wavy,  projectmg,  slender  ridges;  raphe  and 
chalaza  mconspicuous ;  hilum  and  micropyle  basal,  mferior,  con- 
tiguous but  separated  by  a  shallow  notch;  hilum  sun-ounded  on 
two  sides  by  small  auricles. 

Endosperm  in  the  mature  seed  represented  by  a  thin  white,  easily 

separable  film. 

Embryo  large,  filling  the  seed  to  which  it  conforms,  straight. 
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colourless ;  cotyledons  rotund-obovate,  minutely  auricled  at  the 
base,  otherwise  entire,  plano-convex,  or  rather  flat  with  rounded 
lower  edges,  lyhag  in 
the  broader  way  of 
the  seed  with  their 
backs  to  the  placen- 
tal axis  and  their 
basal  edges  vertical 
to  the  retinaculum ; 
radicle  very  short, 
oblong,  obtuse,  much 
longer  than  the  mi- 
nute auricles  of  the 
cotyledons,  lying  in 
the  long  basal  pomt 
of  the  seed. 

Seedling  (fig.  581). 

Primary  rootlong, 
filiform,  flexuose, 
colourless,  with  slen- 
der lateral  rootlets, 
but  soon  equalled  or 
superseded  by  strong 
adventitious  roots 
from  the  base  of  the 
hypocotyl. 

Hypocotyl  erect  or 
decumbent,  tapering 
downwards,  striated 
longitudhially  with 
numerous,  upwardly 
adpressed  whitish 
hairs,  pale  green, 
9-15  mm.  long. 

Cotyledons  obo- 
vate,  shallowly  em- 
arginate,  tapering  to 
a  cuneate  base,  petio- 
late,  indistinctly,  irre- 
gularly, alternately  incurvinerved  with  the  nerves  uniting  to  form 
an  u-regularly  outUned  submarginal  one,  glabrous  except  the  petiole, 
deep  green  above,  pale  or  glaucous  beneath  ;  lamina  8-9  mm.  long 


Fig.  581. — Eranthemuvi  leuconeurum.   Nat.  size. 
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and  as  wide ;  petiole  flattened  above  or  biconvex,  thinly  hairy,  5- 
6"5  mm.  long. 

Stem  herbaceous,  dwarf,  decumbent,  terete,  densely  hairy  with 
adpressed  hairs,  pale  green;  1st  internode  5-6  mm.  long;  2nd 
5-5'5  mm. 

Leaves  simple,  entire,  cauline,  opposite,  exstipulate,  petiolate, 
alternately  incurvinerved,,  reticulate,  ciUate,  somewhat  hairy  beneath 
and  on  the  midrib  above  with  adpressed  hairs,  other-wise  glabrous, 
deep  green  with  irregular  white  bands  on  the  principal  nerves,  and 
closely  marked  with  minute  short  striaa  and  little  gland-like  dots, 
much  paler  beneatk  or  almost,  glaucous ;  petioles  biconvex,  or  sub- 
terete,  densely  covered  with  adpressed  whitish  hairs. 

First  pair  of  leaves  broadly  oval,  rounded  at  both  ends  or  shghtly 
cordate  at  the  base. 

Second  pair  broadly  oval,  less  romided  at  the  apex  than  the  first 
pair,  and  slightly  more  cordate  at  the  base. 


Asystasia  coromandeliana,,  ^ees  (fig,  582), 

Hypocotyl  erect,  terete,  striated,  glabrous,  pale  green,  l-8-2'2  cm. 
long. 

Cotyledons  obUquely  or  une«[ually  rotund,  enth-e,  petiolate,  sud- 
denly tapered  into  the  petiole, 
alternately  incm"sdnerved,  h'- 
regularly  reticulate,  glabrous, 
fohaceous,  dull  gi'een  above, 
pale  or  subglaucous  beneath ; 
lamina  2'2-2-6  cm.  long,  2-3- 
2" 5  cm.  wide  ;  petiole  broadly 
channelled  on  the  upper  side, 
convex  on  the  back,  pubescent 
at  the  edges,  otherwise  gla- 
brous, about  1'35  cm.  long. 

Stem  erect,,  terete,  bright 
green,  longitudinally  striate, 
thinly  pubescent  with  whitish 
hairs  curved  dowai wards,  fur- 
rowed on  the  sides  alternating 
■vidth  the  leaves  next  above; 

YiQ.5m.-AsjjBtasiacoTovian^eliana.  ultemode     2-7-3  cni. 

xia,li  nfit.  size. 

long. 

Leaves  simple,  entire,  cauhne,  opposite,  exstipulate,  petiolate, 
alternately  incurvmerved,  and  reticulate  with  the  nerves  branchuig, 
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uniting  and  forming  a  submarginal  wavy  line  running  obliquely  to 
the  margin,  pubescent  on  the  midrib  above  and  on  the  principal 
nerves  beneath,  light  green  and  shining  above,  subglaucous  beneath  ; 
petiole  narrowly  winged,  semiterete,  shaUowly  channelled  above 
along;  the  central  ridge,  pubescent  with  recurved  hairs  beneath,  with 
a  stout  joint  at  its  origin  with  the  stem. 

First  pair  ovate,  obtuse,  entire,  suddenly  narrowed  at  the  base 
and  decurrent,  forming  a  wing  to  the  petiole, 

Schwabea  ciliaris,  Nees. 

Hypocotyl  long,  striated,  minutely  hairy,  8"25-9  cm.  long,  light 
green  with  here  and  there  a  reddish  tinge. 

Cotyledons,  fleshy,  oblong,  obtuse,  emarginate,  petiolate,  glabrous, 
green,  one-nerved  ;  petioles  short,  slightly  hairy  and  slightly  chan- 
nelled on  the  upper  face. 

Stein  erect,,  striated,  hirsute,,  herbaceous,  ultimately  woody  ;  1st 
internode  5-5*6  cm.  long  ;  2nd  l"5-2*5  cm. 

First  leaves  simple,  entke,  cauline,  opposite,  decussate,  petiolate, 
exstipulate,  lanceolate,  subacute,  cihate,  slightly  hairy,  green,  pin- 
natmerved ;  petioles  short,  hairy,  channelled  above. 

Justicia  bracteata,  Pohl. 

Ilypocotyl  erect,  striated,  covered  with,  minute  hairs,  3-4  cm. 
long,  hght  green,  tinged  with  red  near  the  base. 

Cotyledons  rather  fleshy,  broadly  obovate-oblong,  slightly  emar- 
ginate, shortly  petiolate,  glabrous,  dark  green,  pinnatinerved  Hke  the 
leaves. 

Stem  erect,  terete,  herbaceous,  minutely  hah-y ;,  1st  internode 
3-5  mm.  long. 

First  leaves  simple,  entire,  cauUne,  opposite,  ovate-oval,  obtuse, 
cihated,  covered  with  minute  hairs,  petiolate,  exstipulate,  light  green, 
pinnatinerved. 

Justicia  procumbens.  Wall. 

Eypocotyl  erect,  terete,  finely  pubescent,,  1-5-2-2  cm.  long,  light 
green  or  colourless. 

Cotyledons  subrotund,  emarginate,  obtuse,  petiolate,  glabrous, 
light  green,  indistinctly  trinerved. 

Stem  erect,  terete,  pubescent ;  primary  internodes  very  short. 

First  leaves  simple,  entire,  cauUne,  opposite,  very  shortly  petio- 
late, exstipulate,  oval,  obtuse,  cihate,  pubescent,  pinnatinerved,  Ught 
green. 
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Dicliptera  resupinata,  Juss. 

Hypocotyl  erect,  striated,  covered  with  minute  hairs,  8-12  mm. 
long,  Ught  green. 

Cotyledons  oblong,  obtuse,  emarginate,  rather  fleshy,  unsym- 
metrical,  glabrous  except  on  the  petioles,  Ught  green,  trinerved. 

Stem  erect,  herbaceous,  striated  or  ribbed,  covered  with  minute 
hairs  ;  1st  internode  5-6  mm.  long. 

First  leaves  simple,  entire,  cauline,  opposite,  decussate,  petiolate, 
exstipulate,  ovate-oval,  obtuse^  covered  with  minute  hahs,  hght 
green,  pinnatinerved. 

Peristrophe  speciosa,  Nees  (fig.  583). 

Primary  root  tapering  downwards,  with  numerous  fibrous  rootlets 
ultimately  superseded  by  strong  lateral  rootlets. 

Hypocotyl  erect,  terete,  pub- 
escent with  short  decm'ving  hairs, 
pale  green,  2-2-3  cm.  above  the 
soil. 

Cotyledons  large,  obhquely 
and  broadly  rotund  -  obovate, 
sHghtly  emarginate,  alternately 
trinerved  from  the  base  with  the 
nerves  incurved  and  uniting  with 
the  midrib  close  beneath  the 
apical  notch,  petiolate,  glabrous 
except  the  petiole,  hght  green 
above,  paler  beneath,  suddenly 
tapered  into  the  petiole  ;  lamina 
2-3-2-7  cm.  long,  1  •9-2-2  cm. 
wide ;  petiole  semiterete,  flat- 
tened above,  dilated  upwai-ds 
uito  the  lamina,  pubescent  with 
decurviiig  hairs,  1-1-3  cm.  long. 

Stem  herbaceous  or  sub- 
shrubby,  erect,  shallowly  angled 
and  furrowed,  densely  covered 
with  short,  decur^-ing  hairs  ;  1st 
internode  1-5-2  cm.  long. 

Leaves  simple,  entire,  cauline, 
opposite,  exstipulate,  petiolate, 
unequal,  alternately  or  suboppositely  and  incurvedly  peuniuerved, 
with  the  nerves  becoming  more  slender,  and  forming  a  sub- 


PiG.  588. — Peristrophe  speciosa. 
Half  nat,  size. 
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marginal  line  running  to  the  apex  of  the  leaf,  light  green  above, 
paler  beneath  or  subglaucous,  pubescent  on  the  nerves  on  both  sur- 
faces, with  variously  curved  or  bent  hau'S ;  petioles  semiterete, 
sHghtly  channelled  above,  rather  slender,  tapering  somewhat 
upwards,  densely  covered  with  similar  hairs. 

First  pair  elhptic-ovate,  obtuse,  unequal  in  length,  suddenly 
tapered  at  the  base  into  the  petiole. 

The  seedling  of  P.  bicalyculata,  Nees,  very  closely  resembles  the 
above,  but  has  shghtly  broader  cotyledons. 


SELAaiNEJ^. 

Benth.  et  Hook.  Gen.  PI.  ii.  1126. 

Fruit  and  Seed.  — The  pistil  is  superior,  consisting  of  two 
carpels  which  unite  to  form  a  two-celled  ovary,  or  the  latter 
by  abortion  becomes  obliquely  one-celled  while  the  j)lant  is 
yet  in  flower.  The  ovules  are  solitary  in  each  cell,  suspended 
from  the  apex  by  a  shortly  filiform  funicle,  and  anatropous. 
The  fruit  is  small,  indehiscent,  included  in  the  calyx,  and  two- 
celled,  or  breaks  up  into  two  cocci,  or  by  the  abortion  of  one 
of  the  original  carpels  it  consists  of  only  one  coccus.  The 
exocarp  is  thin  and  fleshy,  or  crustaceous,  or  hardened,  rarely 
membranous.  The  sides  of  the  seed-bearing  cells  are  some- 
times furnished  internally  with  a  layer  of  corky  matter,  or  two 
small  hollows  ;  or  the  fruit  between  the  cocci  is  furrowed. 
The  seed  is  pendulous  and  solitary  from  the  apex  of  each  coccus 
and  is  oblong  or  terete,  with  a  membranous  testa.  A  fleshy 
endosperm  is  present.  The  embryo  is  axial,  straight,  and 
terete,  with  the  cotyledons  slightly  broader  than  the  superior 
radicle. 

The  fruit  of  Hebenstretia  varies  in  width  in  different  species, 
and  is  also  affected  in  this  respect  according  as  one  or  both 
carpels  mature.  The  seed  is  oblong-cylindrical,  conforming 
to  the  interior  of  the  cavities,  and  the  shape  seems  to  determine 
the  narrowness  of  the  cotyledons  on  germination. 

Seedlings.— A  number  of  the  Hebenstretias  are  notable  for 
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the  similcarity  which  prevails  between  the  cotyledons  and  the 
adult  as  well  as  the  primary  leaves.  H.  tenuifolia  has  linear 
cotyledons  slightly  broader  towards  the  apex,  tapering  to  a 
narrow  base  and  bluntly  carinate  beneath  with  a  prominent 
midrib.  The  first  six  leaves  are  in  three  opposite  or  sub- 
opposite  pairs,  followed  by  a  large  number  of  crowded  alternate 
leaves  which  are  linear  and  narrower  than  the  cotyledons  which 
they  resemble  very  closely.  The  ultimate  leaves  are  similar 
but  minutely  and  distantly  toothed  at  the  margins.  The 
cotyledons  of  H.  dentata  var.  integrifolia  are  linear,  rounded  on 
the  back,  with  a  faint  indication  of  a  midrib,  1-6-1-8  cm.  long 
and  1-1-5  mm.  wide.  The  leaves  are  alternate  with  exception 
of  the  first  pair,  narrowly  linear,  rounded  on  the  back  like  the 
cotyledons  but  longer,  and  entire,  or  the  ultimate  ones  have  a 
few  blunt  teeth  near  the  apex. 

Hebenstretia  tenuifolia,  E.  Mey. 

Primary  root  tapering  downwards  and  giving  rise  to  numerous 
slender  flexuose  fibres. 

Hypocotyl  erect,  terete,  finely  pubescent,  soon  becoming  firm  in 
texture,  2-2"8  cm.  long. 

Cotyledons  finear,  obtuse,  entire,  broadest  towards  the  apex  and 
tapering  gradually  into  a  narrow,  petiole-Hke  base,  glabrous,  slightly 
channelled  on  the  upper  surface,  with  a  prominent  midrib  beneath 
or  somewhat  carinate,  2-2'5  cm,  long,  and  2-2*5  mm.  wide  above 
the  middle. 

Stem  erect,  terete,  or  bluntly  quadrangular  in  the  lower  part, 
finely  pubescent ;  1st  internode  7-10  mm.  long  ;  2nd  and  succeeding 
ones  very  short  or  hardly  developed. 

Leaves  simple,  cauHne,  the  lower  subopposite,  and  the  upper 
ones  crowded  and  alternate,  exstipulate,  sessile  and  tapering  to  a 
narrow  petiole-Hke  base,  glabrous,  opaque,  chamieUed  above  and 
obtusely  carinate  beneath  like  the  cotyledons,  minutely,  distantly 
and  blmatly  toothed  at  the  marguas, 

Nos,  1-6,  In  three  opposite  or  subopposite  pairs ;  the  rest 
crowded,  narrower  than  the  cotyledons,  and  alternate, 

Hebenstretia  dentata,  L.,  var.  integrifolia. 

Primary  root  long,  tapering,  flexuose,  and  givuig  rise  to  numerous 
flexuose  fibres. 
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Hypocotyl  erect,  terete,  finely  pubescent,  l*8-2*2  cm.  long. 

Cotyledons  linear-obtuse,  or  subacute,  entire,  channelled  above, 
rounded  on  the  back  with  a  faint  indication  of  a  midrib,  glabrous, 
deep  green,  l-6-l'8  cm.  long,  1-1-6  mm.  wide. 

Stem  erect,  terete,  finely  pubescent,  brownish  after  a  time  ;  1st 
internode  1-1*2  cm.  long ;  2nd  4-5  mm. ;  succeeding  ones  very 
short. 

Leaves  simple,  cauhne,  alternate  (first  two  opposite),  exstipulate, 
sessile,  chaimelled  above,  tapering  to  a  narrow  petiole-like  base, 
romided  on  the  back  with  a  faint  indication  of  a  midrib  similar  to 
the  cotyledons,  glabrous  or  shghtly  pubescent  at  the  base  on  the 
under  side. 

Nos.  1  and  2.  Opposite. 

Nos.  3-30.  Narrow,  hnear,  subentire  or  with  two  or  three  blunt 
teeth  near  the  apeXj  alternate  and  crowded,  similar  to  the  cotyledons 
but  longer. 


VERBENACEiE. 

Benfh.  et  Hook.  Gen,  PI.  ii.  1131, 

F7ndt  and  Seed. — The  ovary  is  superior  and  undivided,  or 
four-furrowed  or  rarely  shortly  four-lobed.  It  consists  of  two 
carpels  and  normally  in  the  young  state  is  one-celled,  with 
the  placentas  strongly  intruded  into  the  cavity,  and  revo- 
lute,  dividing  the  ovary  more  or  less  perfectly  into  two  cells, 
twin-ovuled,  or  one-ovuled  by  abortion.  The  cells  after- 
wards become  bilocellate  by  the  development  of  spurious 
septa,  and  the  four  locelli  then  contain  a  single  ovule  each. 
In  a  few  genera  the  ovary  consists  of  four  to  five  carpels 
divided  into  eight  to  ten  locelli;  and  in  the  tribes  Sym- 
phoremese  and  Avicenniese  the  ovary  of  the  young  flower  is 
already  four-celled,  or  one-celled  at  the  apex  only.  The  ovules 
are  more  or  less  amphitropous  except  in  Phryma,  Clerodendron 
Ksempferi,  and  possibly  some  others.  They  are  inserted  on 
the  involute  margins  of  the  carpels,  at  the  base,  middle  or 
towards  the  apex,  with  the  micropyle  inferior  ;  rarely  are  they 
axial.  The  fruit  is  baccate  or  somewhat  capsular,  with  a  fleshy, 
Bucculent  or  thin  and  dry  exocarp,  and  generally  a  hardened 
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endocarp.  Normally,  the  whole  fruit  or  the  endocarp  alone 
is  indehiscent  at  maturity,  and  two-  to  four-celled,  or  the 
fruit  breaks  up  into  one-  to  two-celled  lignified  pieces,  or  four 
rarely  eight  to  ten  one-celled  pieces.  The  seeds  are  always  in 
separate  cavities,  fixed  laterally  to  the  placentas  and  erect,  or 
pendulous,  oblong,  obovoid  or  subglobose.  The  testa  is  mostly 
membranous  except  in  Avicennia.  A  fleshy  endosperm  is 
present  in  the  tribes  Stilbese  and  Chloanthese,  but  in  all  other 
cases  it  is  very  scanty  or  entirely  absent.  The  embryo  is 
straight  and  equals  the  length  of  the  endosperm,  or  fills  the 
whole  seed  where  endosperm  is  wanting.  The  cotyledons  are 
flat  or  thickened,  quite  free  to  the  base  or  very  rarely  amalga- 
mated for  great  part  of  their  length  into  one  piece.  The  radicle 
is  generally  very  short  and  always  inferior  except  in  Phryma 
which  contains  a  single  species  only,  the  ovule  and  seed  of 
which  are  very  anomalous. 

Subcentral  placentas  occur  in  Avicennia  as  well  as  in 
members  of  the  tribes  Symphoremese  and  Caryopterideae. 
Spurious  septa  are  absent  in  the  fruits  of  Espadsea.  A  fleshy, 
oily  embryo  with  its  cotyledons  united  to  the  middle  occm's  in 
Oxera,  Amasonia  and  Symphorema.  The  embryo  in  Avicennia 
is  naked  with  large  plaited  cotyledons. 

The  ovules  of  Clerodendron  Kasmpferi  are  erect  and 
anatropous  with  the  micropyle  inferior.  The  fruit  breaks  up 
at  maturity  into  four  drupe-like  pieces,  each  contaming  a 
solitary  oblong  seed.  The  cotyledons  are  fleshy,  plano-convex 
and  fill  the  entire  cavity  of  the  seed  to  which  they  con- 
form ;  they  are,  however,  shghtly  auricled  at  the  base  in 
order  to  accommodate  the  minute,  globular  radicle. 

Seedlings.— The  cotyledons  are  all  of  simple  types,  and 
although  five  more  or  less  distinct  forms  were  observed, 
they  may  all  be  described  as  modifications  of  one  another, 
dependent  upon  the  size,  and  relative  length  and  breadth 
of  the  seed.  The  simplest  form  is  that  seen  m  Vitex  trifolia 
(fig.  585)  which  has  small,  oblong,  obtuse  cotyledons  with- 
out apparent  venation.  The  cotyledons  of  Verbena  ofliciualis 
(fig.  584)  are  also  small,  but  ovate,  obtuse,  with  a  distmct 
midrib  and  a  few  alternate,  very  faint  lateral  nerves.  ^  The 
petioles  are  shghtly  connate  at  the  base.  Lippia  juncea  in  the 
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seedling  state  at  least  bears  considerable  resemblance  to  a 
Verbena,  and  has  ovate-oblong  cotyledons  with  a  venation 
similar  to  that  of  Verbena  officinalis.  The  first  pair  of  leaves 
are  lanceolate,  followed  by  two  pairs  which  are  oblong.  All 
are  bkmtly  serrate. 

A  third  and  distmct  type  is  that  represented  by  Stachy- 
tarpheta  mutabilis  which  has  broadly  and  roundly  ovate, 
mucronate,  and  faintly  penninerved  cotyledons,  truncate  at 
the  base.  The  petioles  as  well  as  the  hypocotyl  are  hairy. 
The  cotyledons  of  Ehaphithamnus  longiflorus  do  not  conform 
very  closely  to  the  above,  but  are  roundly  ovate  and  one-nerved. 

The  cotyledons  of  CalHcarpa  americana  are  small,  roundly 
ovate,  emarginate,  trinerved,  pubescent  and  ciliate. 

The  fifth  type  is  represented  by  Clerodendron  Ktempferi 
(fig.  586)  which  has  broadly  ovate,  shallowly  and  irregularly 
dentate,  penninerved  cotyledons,  bearing  some  resemblance 
to  the  first  pair  of  leaves  but  smaller. 

Stachytarpheta  mutabilis,  VahL 

Hypocokjl  erect,  terete,  hairy,  2-2-2-5  cm.,  long,  light  green  or 
colourless. 

Cotyledons  broadly  and  roundly  ovate,  obtuse,  entii-e,  petiolate, 
truncate  at  the  base,  glabrous,  green,  indistinctly  pinnatinerved,  hke 
the  leaves  ;  petioles  flat,  hairy. 

Stem  erect,  terete,  hairy  ;  1st  internode  3-4  mm.,  long. 

First  leaves  simple,  cauhne,  opposite-decussate,  exstipulate, 
ovate,  acute,  serrate,  pubescent,  green,  alternately  pmnatinervedi 
petiolate  ;  petioles  short,  channelled,  pubescent. 

Verbena  officinalis,  L.  (fig.  584). 

Primary  root  tapermg  downwards  and  giving  oflf  numerous 
lateral  fibres. 

Hypocotyl  short,  erect,  terete,  glabrous,  pale  green  or  colourless 
3-5  mm.  long.  ' 

Cotyledons  ovate,  obtuse,  entire,  tapermg  into  the  petiole,  with 
a  distmct  midrib  and  a  few  short  alternate  ascending  nerves  dis- 
cermble  only  by  transmitted  fight,  glabrous,  fight  green  above,  paler 
beneath;  lamma  3-75-5  mm.  long,  2-5-3  mm.  wide;  petiole  flat 
above,  convex  beneath,  glabrous,  2-5-4-5  mm.  long. 

Stem  herbaceous,  erect,  terete,  hairy  or  pubescent,  pale  m-een  • 
Ist  mtemode  1-5-2  mm.  long ;  2nd  4-6  mm. 

II. 

B  B 


370 


ON  SEEDLINGS 


Leaves  simple,  cauline,  opposite,  exstipulate,  petiolate,  hairy 
with  simple  or  gland-tipped  hairs,  alternately  and  ascendingly  penni- 
nerved,  with  the  nerves  slightly  incurved  towards  their  apex,  uniting 


Pig.  584.— FerSena  officinalis,  x  2. 


with  one  another,  and  generaUy  giwg  off  branches  only  mto  the 
marginal  serratures,  bright  green  above,  paler  beneath ;  petioles 
semiterete,  channelled  above,  hairy,  with  many  of  the  hairs  tipped 
with  a  gland. 
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First  pair  of  leaves  oval  or  elliptic,  obtuse,  or  often  subovate, 
shallowly  or  obsoletely  serrate-dentate. 

Second  pair  larger,  more  deeply  serrate-dentate  with  obtuse 
teeth  the  terminal  one  of  which  is  largest. 

Third  pair  elhptic-oblong,  obtuse,  incise  serrate-dentate. 


Verbena  Aubletia,  L. 

Primary  root  as  in  V.  officinahs. 

Hypocotijl  subflexuose,  pubescent,  pale  pinkish-white,  terete, 
11  mm.  long,  1'25  mm.  thick. 

Cotyledons  very  similar  to  those  of  V.  officinalis,  6  mm.  long, 
B-5  mm.  wide ;  petiole  channelled  above,  connate  at  the  base,  pub- 
escent, 6  mm.  long. 

Stem  herbaceous,  annual,  obtusely  quadrangular,  erect  (at  least 
the  primary  one),  ultimately  much  branched,  with  coarse  villous 
hahs  ;  1st  internode  1  cm.  long  ;  2nd  8  mm. 

Leaves  coarsely  villous  on  both  surfaces,  as  well  as  on  the 
petioles  ;  petioles  channelled  above,  subconnate  at  the  base  around 
the  stem. 

First  pan-  ovate,  obtuse,  subcuneate  at  the  base,  subtrifid,  penni- 
-nerved;  lateral  lobes  mere  teeth;  terminal  lobe  triangular-ovate, 
obtuse. 

Second  pan-  triangular-ovate,  obtuse,  subtrinerved  at  the  base, 
.pinnatifid ;  basal  lobes  longest,  oblong,  obtuse,  and  entii-e  or  again 
cut  on  the  posterior  or  basal  side. 

Ultimate  leaves  triangular-ovate,  obtuse,  deeply  pinnatifid,  sub- 
cuneate at  the  base,  coarsely  hairy  on  both  surfaces,  deep  green 
:above,  paler  beneath  with  prominent  venation ;  lobes  more  or  less 
coarsely  serrate  on  the  posterior  side  ;  basal  pan-  distinctly  the 
largest  and  sublobulate  on  the  posterior  side. 

Bhaphithamnus  longifloras,  Miers. 

Eypocotyl  erect,  square,  hoary,  almost  colourless  or  reddish- 
green,  from  1-2  cm.  long. 

Cotyledons  roundly  ovate,  coriaceous,  glabrous,  petiolate,  entire 
b  10  mm.  long,  5-6  mm.  wide ;  dark  green  above,  wliitish  beneath  • 
-venation  mdistmct  but  havmg  one  primary  nerve. 

Stem  herbaceous,  ultimately  woody,  erect,  square,  finely  pub- 
escent, hght  green  ;  1st  internode  1-1-5  cm.  long  ;  2nd  about  the 

mmT''  1""^^!'  "PP""         ^^'-^^^ely'  lower  less  so  and 

sometimes  ahnost  entire,  cauline,  opposite,  shortly  petiolate,  lanceo- 
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late,  acute,  glabrous,  shining  green  above,  lighter  beneath  ;  midrib 
with  numerous  ascending  veiixlets. 

Callicarpa  americana,  L. 

Hypocotyl  erect,  terete,  finely  pubescent,  6-8  mm.  long,  light 
green  or  colourless. 

Cotyledons  ovate-rotund,  obtuse,  emarginate,  petiolate,  shghtly 
hairy,  green,  very  indistinctly  trinerved ;  petioles  rather  flat,  shal- 
lowly  channelled  above. 

Stem  erect,  terete,  herbaceous,  ultimately  woody,  thickly  pub- 
escent or  hirsute  ;  1st  internode  6-8  mm.  long  ;  2nd  shorter. 

First  leaves  simple,  cauline,  opposite,  , 
decussate,  exstipulate,  petiolate,  ovate- 
oblong  or  elliptic,  obtuse,  coarsely  ser- 
rate, pubescent,  green,  hghter  beneath,  . 
pimiatinerved ;   petioles  hau-y,  rather 
long,  shallowly  channelled  above. 

Vitex  trifolia,  L.  (fig.  585). 

Hypocotyl  erect,  terete,  somewhat  i 
woody,  pubescent,  brownish,  2*2-3  cm.  . 
long. 

Cotyledons  oblong,  obtuse,  petiolate;  ; 
lamina  6  mm.  long,  2*5  mm.  vade; 
petiole  3-25  mm.  long. 

Stem  herbaceous  or  suffi-utescent, 
erect,  square,  pubescent,  pm-plish;  1st  t 
internode  7-5  mm.  long  ;  2nd  2-5  mm.; 
3rd  5-5  mm. ;  4th  10  mm. ;  5th  4  mm. 

Leaves  simple,  ultimately  digitate, 
cauHne,  opposite,  exstipulate,  petiolate, 
covered  on  both  surfaces  with  a  short, 
dense,  adpressed  pubescence,  and  some- 
what hoary  ;  petioles  shallowly  grooved 
on  the  upper  surface,  grooved  on  the  back,  and  pubescent  Uke  the 
leaves. 

First  to  sixth  pairs  haclusive,  simple,  rotmid-obovate,  emarginate, 
otherwise  quite  entire,  alternately  penninerved. 

Clerodendron  Kaempferi,  Fisch. 

Ovary  of  two  carpels,  four-locellate,  with  each  cell  oue-o\-uled ; 
ovule  erect,  anatropous  ;  micropyle  inferior. 


Fig.  585. 
Vitex  trifolia.    Nat.  size. 
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Fruit  baccate,  two-  to  four-angled  or  -lobed  when  mature,  gla- 
brous, two-  to  four-celled,  with  a  seed  in  each  cavity  that  develops 
and  comes  to  maturity,  and  falling  away  into  as  many  nuts  or  drupes 
as  there  are  locelh. 

Seed  ascending  or  erect  from  the  base  of  the  inner  angle  of  the 
cell,  somewhat  compressed  dorso-ventrally,  and  shghtly  curved 
longitudinally,  and  more  or  less  wrinkled  in  that  direction  when  dry, 
glabrous,  whitish,  exalbuminous  ;  testa  thin,  membranous  ;  hilum 
and  micropyle  basal,  contiguous  ;  funicle  short,  broad,  and  thin  ; 
chalaza  apical,  superior. 

•    Embryo  comparatively  large,  filling  the  entire  seed  and  conform- 


FiG.  586. — Clerodendron  Ecempferi.    Nat.  size. 


ing  to  it  in  outhne,  slightly  curved  accordingly,  colourless  ;  cotyle- 
dons oblong,  obtuse,  entire,  or  very  shallowly  auricled  at  the  base, 
lying  hi  the  broader  plane  of  the  seed  with  their  backs  to  the  axis 
of  the  fruit,  thick,  fleshy,  plano-convex;  radicle  very  muiute, 
globose,  obtuse,  lymg  in  the  very  base  of  the  seed  and  projecting 
only  shghtly  beyond  the  cotyledons. 

Seedling  (fig.  586). 

Hxjpocotyl  rather  succulent,  terete,  2  cm.  long,  2-6  mm.  thick 
pubescent,  bright  green.  ' 

Cotyledons  stalked,  about  3  cm.  long,  1-5  cm.  wide,  ovate,  obhque 
at  the  base,  obtuse,  shallowly  irregularly  dentate  towards  the  apex  • 
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loAver  part  entire,  pubescent  all  over  (as  is  the  case  with  the  whole 
plant  above  ground),  rather  thin,  penninerved  and  reticulate,  of  a 
dark  metallic  green  above,  shghtly  paler  beneath. 

Stem  with  short  internodes,  herbaceous,  terete,  pubescent. 

Leaves  simple,  cauhne,  opposite,  decussate,  exstipulate,  petiolate, 
thin,  dentate,  alternately  penmnerved  ;  nerves  incurvmg,  reticulate, 
pubescent  all  over. 

First  pair  hke  the  cotyledons  only  larger,  and  showing  transition 
to  the  cordate  form. 

Second  pair  cordate,  acute,  wavy  at  the  margin,  dentate. 

Third  pair  cordate,  equal  and  regular,  acute,  finely  dentate,  alter- 
nately penninerved,  reticulate. 


LABIATE. 

Benth.  et  Hook.  Gen.  PI.  ii.  1160. 

Fruit  and  Seed. — The  ovary  is  superior,  syncarpous  and 
four-partite  to  the  base,  more  rarely  shortly  four-fid  or  -lobed 
beyond  the  middle.  It  consists  of  two  carpels  with  their 
marginal  and  dorsal  sutures  so  inflected  as  to  form  two  pairs  of 
one-celled  cavities.  The  style  is  central  and  gynobasic.  The 
ovules  are  solitary  in  each  cell,  and  with  few  exceptions  erect 
and  anatropous.  The  fruit  is  most  often  included  in  the 
persistent  calyx  and  consists  of  four  lobes  or  nutlets  or  fewer 
by  abortion  ;  and  each  nutlet  encloses  a  single  seed  and  is 
indehiscent.  The  nutlets  are  dry,  crustaceous  or  hard,  rarely 
fleshy  or  drupaceous,  smooth,  tuberculate,  or  roughly  reticu- 
late, rarely  surrounded  with  a  wing-like  appendage,  and 
attached  near  the  base  by  a  small  obHque  or  lateral  areola  to 
that  part  of  the  ovary  bearing  the  style.  The  seed  conforms 
to  the  interior  of  the  nutlet  and  is  attached  by  the  very  base 
or  laterally  near  the  base  to  the  placenta,  and  is  rarely  m- 
curved  the  testa  is  membranous.  Endosperm  is  scanty  or 
altogether  wanting.  The  embryo  again  conforms  to  the  seed 
and  has  flat  or  plano-convex,  shghtly  fleshy  cotyledons  parallel 
or  rarely  transverse  to  the  axis  of  the  fruit.  The  radicle  is 
short,  inferior  and  straight,  or  rarely  incurved  with  incumbent 
or  recumbent  cotyledons. 
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The  ovary  is  usually  stipitate  in  Scutellaria  as  is  the  shortly 
lobed  ovary  in  the  tribes  Prostantherese  and  Ajugoidese. 

The  nutlet  is  depresso-globose  in  Salazaria  and  Scutellaria, 
fleshy  in  Gomphostemma  and  subdrupaceous  in  other  members 
of  the  tribe  Prasie£e.  The  radicle  is  long  and  incurved  in 
Catopheria,  with  accumbent  cotyledons.  The  seed  is  trans- 
verse to  the  axis  in  Salazaria  and  Scutellaria  with  an  incurved 
radicle  and  incumbent  cotyledons. 

About  five  more  or  less>  distinct  types  of  seeds  have  come 
under  my  notice  differing  chiefly  in  shape,  dependent  upon 
that  of  the  nutlet  containing  them.  One  of  the  simplest 
forms  is  that  represented  by  Salvia  Sclarea  (fig.  589)  which 
has  small  obovoid  seeds  with  a  straight  embryo  conforming 
to  the  interior.  The  cotyledons  are  oval,  plano-convex,  and 
shghtly  auricled  at  the  base  to  accommodate  the  radicle. 
There  is  a  thin  film  of  endosperm  in  the  seed,  but  so  small  as 
to  be  practically  of  no  importance.  The  seed  of  Thymus 
Mastichina  differs  in  being  very  much  smaller  and  globose 
with  suborbicular  cotyledons. 

A  second  type  is  that  shown  by  Salvia  argentea.  The 
nutlet  and  seed  are  broadly  oblong-ovaL  The  cotyledons 
are  similar  in  outline,  plano-convex  and  rather  deeply  auricled 
at  the  base.  The  transverse  section  of  the  nutlet,  seed  and 
embryo  is  elliptic,  or  slightly  trigonous.  Teucrium  multi- 
florum  conforms  pretty  closely  to  this  type,  but  the  nutlets 
are  muricate  or  covered  with  little  tubercles.. 

Salvia  verbenacoides  has  a  smooth  nutlet,  broadly  oval  in 
transverse  section,  but  otherwise  conforming  to  S.  argentea. 

The  nutlet  of  Ocimum  Basilicum  is  oblong-ovate  with 
.rather  a  notable  constriction  about  the  middle.  The  coty- 
ledons conform  to  this  outline  and  are  shortly  auricled  at 
the  base.  In  transverse  section  the  nutlets  are  broadly 
oval. 

The  nutlets  of  Nepeta  nuda  (fig.  593)  are  notably  trigonous 
in  transverse  section,  broadly  oblong-oval  in  outline,  and 
scabrid  or  mmicate  all  over  the  surface.  The  cotyledons  in 
conformmg  to  this  characteristic  shape  are  of  different  forms 
or  differently  disposed  while  yet  in  the  seed.  That  on  the 
ventral  aspect  ia  convexo-concave,,  with  a  blunt  angle  nest 
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the  axis  of  the  fruit,  while  the  other  is  biconvex  and  fits 
into  the  bend  of  its  fellow.  Both  are  very  deeply  auricled  at 
the  base  and  fold  over  the  back  of  the  radicle  nearly  conceal- 
ing all  but  the  tip.  The  nutlets  of  Lallemantia  peltata 
are  obovoid  and  smooth,  but  the  transverse  section  is  similar 
to  that  of  the  last,  and  the  cotyledons  are  broadly  obovate, 
shallowly  auricled,  and  similarly  disposed  to  those  of  Nepeta 
nuda  in  order  to  conform  to  the  shape  of  the  seed.  The 
nutlets,  the  seed  and  the  very  short  stout  radicle  of  Prunella 
grandiflora  resemble  those  of  Lallemantia  peltata. 

The  nutlet  and  seed  of  the  species  of  Scutellaria  noticed 
differ  from  all  others  in  the  Order.  The  nutlet  of  S.  gale- 
riculata  is  oval  in  outline,  dorsally  compressed  with  a  ridge 
on  the  ventral  face  to  accommodate  the  radicle,  and  rugose 
or  tuberculated  all  over  the  surface.  The  ovule  and  seed  are 
campylotropous.  The  cotyledons  are  oval  in  outline,  plano- 
convex, entire,  and  incumbent.  The  radicle  is  folded  along 
the  ventral  aspect  of  the  seed,  and  is  about  half  the  length 
of  the  cotyledons.  S.  altissima  closely  conforms  to  the  above 
in  every  respect,  except  that  the  radicle  is  slightly  longer 
or  about  two-thirds  the  length  of  the  seed.  The  hilum  is 
therefore  above  the  middle  of  the  seed  on  the  ventral  aspect. 
S.  peregrina  is  closely  similar  to  the  above,  but  the  radicle  is 
three-fourths  as  long  as  the  cotyledons  and  seed,  and  is  ac- 
commodated in  a  ridge  on  the  ventral  face  of  the  latter.  The 
absence  of  the  auricles  at  the  base  of  the  cotyledons  seems 
to  be  peculiar  to  this  genus,  and  is  brought  about  by  the 
folding  of  the  radicle  on  the  ventral  face  of  the  seed,  instead 
of  this  being  straight  and  situated  between  the  bases  of  the 
two  cotyledons. 

Seedlings. — The  cotyledons  are  all  of  simple  types.  They 
vary  slightly  in  form  according  to  that  of  the  seed  from 
which  they  spring,  but  often  undergo  considerable  modifica- 
tion after  germination.  Many,  though  by  no  means  all,  of 
those  observed  may  be  reduced  to  three  types.  One  of  the 
more  common  is  that  represented  by  Salvia  Columbaria  (fig. 
590)  which  has  triangular,  obtuse,  emarginate  cotyledons 
rather  deeply  auricled  at  the  base.  This  form  is  due  to 
that  of  the  seed,  which  the  embryo  wholly  occupied  as  ex- 
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plained  above.  The  basal  auricles  of  the  cotyledons  although 
always  present  in  the  seed  often  become  nearly  obliterated 
by  growth  after  germination  when  they  spread  out,  making 
the  base  of  the  lamina  more  or  less  perfectly  truncate. 
This  is  nearly  the  case  in  S.  triangularis  which  has  indis- 
tinctly penninerved  cotyledons,  but  otherwise  conforms  to 
the  type. 

The  cotyledons  of  Nepeta  tuberosa  vary  slightly  between 
triangular  and  orbicular  and  are  emarginate.  The  cotyledons 
of  Salvia  hisj)anica  are  relatively  broader,  trinerved  and  finely 
pubescent.  Those  of  Nepeta  nuda  (fig.  594)  and  Salvia 
argentea  differ  in  being  somewhat  more  rounded  at  the  apex, 
and  more  deeply  cordate  at  the  base.  Those  of  the  former 
are  notable  for  a  cavity  or  depression  at  the  base  of  the 
lamina  caused  by  the  radicle  and  plumule  while  yet  in  the 
seed. 

A  second  type  having  reniform  emarginate  cotyledons 
occurs  in  Nepeta  Glechoma.  The  cotyledons  of  Ocimum 
Basilicum  and  Perilla  nankinensis  (fig.  587)  are  more  or 
less  perfectly  truncate  at  the  base  and  emarginate.  The 
basal  auricles  present  in  the  seed  get  obliterated  by  spread- 
ing out  after  germination.  A  slight  modification  of  this 
type  occurs  in  Salvia  clandestina  which  has  trinerved  entire 
cotyledons,  truncate  at  the  base.  A  third  type  is  repre- 
sented by  Dracocephalum  peltatum  (fig.  592)  which  has 
suborbicular  emarginate  cotyledons  distinctly  auricled  at  the 
base. 

Elsholtzia  cristata,  Lallemantia  iberica,  and  L.  canescens 
agree  pretty  closely  with  this  type,  as  also  does  Monardella 
Pringlei.  The  small  size  of  the  cotyledons  and  the  length 
of  the  petioles  of  the  first  pair  of  leaves,  as  compared  with 
those  that  follow,  are  noteworthy.  The  cotyledons  of  Eremo- 
stachys  laciniata  are  faintly  trinerved  and  differ  from  the 
type  chiefly  in  being  more  elongated  and  roundly  oblong. 

Acanthomintha  ilicifolia  (fig.  588)  constitutes  a  fourth 
type  having  small  orbicular  cotyledons,  auricled  at  the  base 
but  otherwise  entire. 

The  cotyledons  of  Salvia  verbenacoides  (fig.  591)  differ 
slightly  from  those  of  the  above  in  being  subtruncate  at  the 
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base.  Those  of  Satureia  hortensis  differ  only  in  having  slightly 
wider  basal  auricles.  The  first  pair  of  leaves  are  broadly  oval 
and  entire. 

The  ovate-oblong  cotyledons  of  Teucrium  Botrys  (fig.  595) 
represent  a  very  unusual  form  and,  as  far  as  I  am  aware, 
occur  only  in  the  tribe  Ajugoidese.  The  leaves  are  glandular- 
pubescent  and  cuneate  at  the  base,  and  show  an  interesting 
evolution  somewhat  on  a  ternary  plan.  The  first  pair  are 
simply  crenate  ;  the  second  pair  lobulate  ;  while  the  third  and 
fourth  pairs  are  deeply  trifid  and  tripartite  respectively  with 
the  lobes  cuneate  and  more  or  less  distinctly  trifid.  The  coty- 
ledons of  Ajuga  Chamaepitys  (fig.  596)  are  much  smaller  and 
oblong,  but  otherwise  conform  to  those  of  Teucrium  Botrys. 
The  first  pair  of  leaves,  are  oblong  or  spathulate  and  entu-e ; 
the  second  pair  lanceolate  with  a  tooth  on  each  side ;  the 
third  and  fourth  cuneate  and  trifid  at  the  ends,  while  the  fifth 
and  sixth  pairs  are  pinnatifid. 

The  cotyledons  of  Galeopsis  pyrenaica  are  obovate  or 
oblong-obovate,  emarginate,  with  small  ovate  or  triangular 
auricles,,  and  thus  differ  from  any  of  the  above  tjqjes. 

Those  of  G.  Ladanum  are  also  unique  in  being  sub- 
orbicular,  emarginate  with  a  sudden  contraction  a  little  above 
the  base  of  the  lamina.  The  first  pair  of  leaves  are  broadly 
ovate  and  crenate ;  while  the  next  two  pairs  are  oblong-ovate. 
All  are  jDenninerved. 

Ocimum  Basilicum,  L. 

Hypocotyl  erect,  terete,  minutely  pubescent,  1-2  cm.  long,  with  a 
reddish  tiiage. 

Cotyledons  fleshy,  unequal,  triangular  or  reniform,  emarginate, 
slightly  cordate  at  the  base,  petiolate,  Hght  green,  glabrous  except 
on  the  petiole  ;  midrib  apparent  only  at  the  base. 

Stem  short,  erect,  herbaceous  ;  primary  interncdes  but  slightly 
developed. 

Fiist  leaves  simple,  cauhne,  opposite,  sUghtly  toothed,  ovate- 
lanceolate,  acute,  sessile,  glabrous,  pale  green,  pinnatmerved. 

Elsholtzia  cristata,  Willd. 

Hypocotyl  erect,  terete,  finely  pubescent,  9-12  mm.  long,  almost 
colourless  or  stained  with  red. 
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Cotyledons  oblong-rotund,  obtuse,  emarginate,  slightly  auricled 
at  the  base,  subfleshy,  petiolate,  glabrous,  green,  without  any  apparent 
venation  ;  petioles  hairy,  short,  shallowly  channeUed  on  the  upper 
side. 

Stem  erect,  square,  pubescent ;  1st  mternode  3-5  mm.  long. 

First  leaves  simple,  cauhne,  opposite,  decussate^  shortly  petiolate, 
exstipulate,  ovate,  obtuse,  crenate-serrate, 
covered  with  hairs,  green,  pinnatinerved. 

Perilla  nankinensis,  Becne.  (fig.  587). 

Primary  root  vertical,  slender,  grey, 
with  a  few  lateral  fibres. 

Hypocotyl  2-3  cm.  long,  1  mm.  thick,, 
terete,  pubescent,  colourless.. 

Cotyledons  including  petiole  1  cm. 
long,  1  cm.  wide,  unequal,  shortly  stalked, 
subreniform,  obtuse,  emarginate,  other- 
wise entire,,  obscm-ely  nerved,  pubescent, 
dark  green  above,  purphsh  beneath,  flat,, 
not  very  thick  or  persistent. 

Stem  erect,  obtusely  angular,  sub- 
striate,  thinly  pubescent,  deep  purphsh- 
red;  hairs  deflexed  or  hooked  back- 
wards ;  1st  internode  3 "3-4  cm.  long, 
rather  variable  m  length;  2nd  4-6  mm. 

Leaves  cauhne,  opposite,  simple,  ex- 
stipulate,  petiolate,  sparsely  hairy  on 
both  surfaces  and  pubescent  on  the  mid- 
rib ;  hairs  thickened  at  the  base,  hyahne 
above  and  tipped  vnth  violet. 

First  pair  rotund-ovate  or  elhptic,  obtuse,  obsoletely  serrate- 
crenate,  penninerved,  a  deep  black  purple  ;  petiole  flattened  above, 
convex  beneath,  pubescent  on  both  surfaces. 

Second  pair  broadly  rotund-ovate,  obtuse,  crenate-serrate,  penni- 
nerved, similar  to  the  first  pair  except  m  the  larger  size  and  greater 
breadth  at  the  base. 


Fig..  587.. — Perilla  nankinensis. 
Half  nat.  size. 


Monardella  Pringlei,  A.  Gray. 

Eypocotyl  short,  erect,  terete,  minutely  pubescent,  2-8  mm. 
long,  reddish-green. 

Cotyledons  small,  subrotund,  emarginate,  cordate  at  the  base, 
petiolate,  glabrous  except  on  the  petioles,  fleshy  green,  without  any 
.apparent  venation. 
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Stem  erect,  square,  minutely  pubescent;  1st  internode  about 
1'5  cm.  long  ;  2nd  1-1'2  cm. 

First  leaves  simple,  entire  or  minutely  crenate,  cauline,  opposite, 
decussate,  petiolate,  exstipulate,  lanceolate-oblong,  obtuse,  minutely 
pubescent,  green,  distinctly  and  alternately  pinnatinerved ;  petioles 
of  the  first  pair  very  long ;  2nd  and  3rd  considerably  shorter. 

Satureia  hortensis,  L. 

Hypocotyl  erect,  terete,  6-10  mm.  long,  reddish-brown,  minutely 
pubescent. 

Cotyledons  subrotund,  obtuse,  entire,  auricled  at  the  base, 
petiolate,  glabrous,  green,  indistinctly  one-nerved ;  petioles  rather 
long,  hairy,  shghtly  channelled  on  the  upper  side. 

Stem  erect,  square,  finely  pubescent ;  1st  internode  2-3  mm. 
long. 

First  leaves  simple,  entire,  cauline,  opposite,  decussate,  petiolate, 

exstipulate,  broadly  oval,  obtuse, 
minutely  pubescent,  green,  pinnati- 
nerved. 

Acanthomiiitha  ilioifolia,  Wright 
(fig.  588). 

Primary  root  annual,  fibrous. 
Hypocotyl  slender,  wiry,  terete, 
pubescent,  purple,  frequently  bent  or 
twisted,  1-8  cm.  long  or  shorter. 

Cotyledons  rather  fleshy,  rotund, 
subcordate  at  the  base,  entire  or 
shghtly  emarginate  at  the  apex,  gla- 
brous ;  petiole  pubescent,  flattened 

above,  4-5  mm.  long. 

Stem  erect,  obtusely  quadrangular,  pubescent,  pm*ple ;  1st  mter- 
node  1'3  cm.  long ;  2nd  2  mm. ;  stem  leafy,  branched  from  the 
base. 

Leaves  simple,  cauline,  opposite,  decussate,  petiolate,  exstipulate, 
pubescent,  ultimately  glabrous ;  petioles  subterete,  flattened  above 
or  chamaelled,  pubescent. 

First  pair  ovate-oblong,  obtuse,  crenate-serrate,  ■with  ascending 
nerves. 

Second  pair  ovate,  obtuse,  obtusely  serrate,  cuneate  at  the  base, 
with  ascending  nerves. 

Third  pair  ovate,  obtuse,  more  deeply  serrate  than  the  second 


Fig.  588. 
Aoanthomintha  ilicifolia. 
Nat.  size. 
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Ultimate  leaves  rotund  or  ovate-cuneate,  narrowed  to  a  short 
petiole,  alternately  and  ascendingly  penninerved,  coarsely  and  bluntly 
toothed. 

Bracts  opposite,  orbicular,  often  larger  than  the  leaves,  j&nely 
reticulate  with  long,  spinous,  diverging  teeth. 


Salvia  Sclarea,  L.  (fig.  589). 

Fruit  separating  into  four  nutlets  (or  fewer  by  abortion),  each 
consisting  of  an  outer  soft  integument  and  an  inner  thick  and  leathery 
one,  and  containing  one  seed. 

Seed  obovoid,  pale  brown,  very  finely  reticu- 
late ;  testa  thin,  membranous  ;  hilum  basal  and 
shghtly  obHque  ;  raphe  ventral  or  on  the  same 
side  to  which  the  hilum  is  directed,  passing 
along  to  a  point  above  the  middle  of  the  seed  ; 
chalaza  small,  punctiform,  above  the  middle  of 
the  seed. 

Endosperm  forming  an  extremely  thin  layer 
surrounding  the  embryo,  and  adhering  to  the 
testa. 

Embryo  straight,  large,  colourless,  filluig 
the  interior  of  the  seed  and  conformuig  to  it ; 
cotyledons  plano-convex,  followuag  the  outline 
of  the  seed  and  accordingly  broadly  orbicular 
or  oval  m  longitudinal  section,  entire  at  the  apex, 
shghtly  notched  at  the  base  ;  radicle  very  short, 
,  stout,  almost  nicluded  between  the  cotyledons. 

Salvia  Columbarise,  Benth.  (fig.  590). 

Primanj  root  small,  eventually  throwing  off  a  few  lateral  fibres 
^^^Hypocotyl  2-3 cm.  long,  -75  mm.  thick,  terete,  glabrous,  colour- 
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Fig.  590. 
Salvia  Columbarice. 
Nat.  size. 


382 


ON  SEEDLINGS 


Cotyledons. — ^Lamina  3-4  mm.  long,  4-5  mm.  wide,  triangular, 
emarginate,  cordate  at  the  base,  pubescent,  very  obscurely  nerved, 
not  very  persistent;  petiole  slender,  1-1-5  cm.  long,  -5  mm.  thick, 
finely  pubescent. 

Stem  succulent,  slightly  pubescent,  rounded,  light  green;  inter- 
nodes  about  1  cm.  long,  '75  mm.  thick,  or  altogether  undeveloped 
in  the  open  ground  in  the  seedUng  stage. 

Leaves  radical  and  cauhne,  simple,  opposite,  decussate,  exstipu- 
late,  petiolate,  rugose,  pubescent  or  subscabrous  from  short  white 
hairs  ;  petioles  channelled  above,  convex  beneath,  pubescent. 

First  pair  linear-oblong,  obtuse,  pinnatifid^  lobes  shallow, 
roundish-triangular. 

Second  pair  oblong,  obtuse,  pinnatifid  with  shortly  oblong,  obtuse 
lobes. 

Salvia  triangularis,  Thunhg. 

Primary  root  tapering  downwards  with  several  long,  strong 
lateral  rootlets. 

Hypocotyl  erect,  terete,  pubescent,  4-6  mm.  long,  hght  green 
or  colourless. 

Cotyledons  very  similar  to  those  of  S.  Columbarise,  but  glabrous 
and  indistinctly  pinnatinerved,  hke  the  leaves  in  then-  venation ; 
petioles  5-6  mm.  long. 

Stem  short,  erect,  herbaceous,  pubescent,  primary  internodes  but 

slightly  developed. 

First  leaves  ovate,  obtuse,  ciliated,  simple,  crenate,  petiolate, 
thickly  pubescent,  hght  green,  distinctly  pinnatinerved. 

Salvia  Mspanica,  L. 

Eypocotyl  as  in  S.  triangularis,  8-12  mm.  long. 

Cotyledons  widely  triangular,  emarginate,  cordate  at  the  base, 

shortly  petiolate,  minutely  pubescent,  hght  green,  indistmctly  tri 

nerved. 

Stem  erect,  minutely  pubescent. 
Salvia  argentea,  L. 

Fruit  consisting  of  four  dorsally  compressed,  almost  triangular 

nutlets.  i,      •         o.s  q 

Seed  conforming  in  shape  to  the  nutlet,  exalbummous,  J.  o-» 
mm  long;  testa  smooth,  membranous ;  hilum  inconspicuous. 

EmbrTjo  straight,  filling  the  whole  of  the  seed,  colourless  ;  coty  - 
ledons broadly  oblong,  plano-convex,  obtuse,  about  the  same  ^^•ldtll 
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throughout,  with  rather  large  auricles,  otherwise  entire,  lying  the 
broad  way  of  the  seed,  with  their  faces  to  the  axis  ;  radicle  short, 
terete,  obtuse,  lying  close  to  the  hilum. 

Seedling. 

Primanj  root  stout,  tapering,  givuig  off  lateral  adventitious  root- 
lets. 

Hypocotyl  terete,  stout,  fleshy,  wrinkled  transversely,  6-9  mm. 
long,  l'6-2  mm.  thick. 

Cotyledons  rotund,  obtuse,  auricled  at  the  basBj  rather  fleshy, 
glabrous,  1  cm.  long,  1'3  cm.  wide;  petiole  subterete,  channelled 
above,  coarsely  pubescent,  1'2  cm,  long. 

Stem  undeveloped  in  the  early  stage  of  the  plant. 

Leaves  simple,  radical,  petiolate,  rugose,  woolly  on  both  surfaces 
with  long  white  hairs,  especially  when  young. 

First  pair  oblanceolate,  obtuse,  obtusely  serrate,  gradually  taper- 
ing at  the  base  into  a  short  petiole,  nerves  ascending. 

Second  pair  ovate-oblong,  obtuse,  crenate-serrate,  with  ascending 
and  much  anastomosmg  veins. 

Salvia  clandestina,  L. 

Hypocotyl  short,  erect,  finely  pubescent,  4-5  mm.  long,  light 
green  or  colourless. 

Cotyledons  oblate  or  subreniform,  entire,  obtuse,  with  long  peti- 
oles, glabrous,  dark  green,  trinerved. 

Stem  short,  erect,  herbaceous,  quadrangular ;  1st  internode 
2-2'5  mm.  long ;  2nd  shorter  and  so  near  the  first  that  the  second 
pair  of  leaves  appear  as  though  they  formed  a  whorl  of  four  with 
the  first  pair. 

Leaves  cauline,  ovate  or  oval,  obtuse  or  subacute,  crenate,  some- 
what wrinkled,  pubescent,  with  amplexicaul  petioles,  dark  green  ; 
midrib  with  numerous  ascending  veinlets. 

Salvia  verbenacoides,  Broi.  (fig.  591). 

Primary  root  long,  stout,  fleshy,  tapering,  colourless,  with  a 
few  lateral  rootlets,  especially  near  the  top. 

Hypocotyl  very  short,  stout,  fleshy,  subterranean,  colourless, 
4'5  mm.  long. 

Cotyledons  roundly  triangular,  subtruncate  or  slightly  notched 
at  the  base,  fleshy,  petiolate  ;  lamma  glabrous,  5  mm.  long,  6  mm. 
wide  ;  petiole  hairy,  convex  on  upper  and  mider  sides,  8  mm.  long. 

Stem  herbaceous,  elongated  when  about  to  flower. 
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Leaves  simple,  radical,  cauline,  rugose,  deep  green  above,  paler 
beneath,  finely  pubescent  or  scaberulous  on  both  surfaces,  coarsely 

hairy  on  the  midrib  when 
young,  ultimately  losing  these 
hairs ;  petioles  channelled 
above,  dilated  and  clasping 
at  the  base,  convex  beneath, 
coarsely  hairy,  purplish. 

First  pair  ovate,  obtuse, 
cuneate  at  the  base,  crenate. 

Second  pair  ovate-oblong, 
obtuse,  cuneate  at  the  base, 
crenate. 

Third  pair  oblong,  obtuse, 
cuneate  at  the  base,  rather 
coarsely  crenate. 

Fourth  pair  developing 
unequally  and  appearing  al- 
ternate, oblong,  obtuse,  doubly 
crenate. 

Ultimate  radical  leaves  ob- 
long, obtuse,  obtusely  lobulate, 
crenate,  unequal  at  the  base, 
reticulate  ;  petiole  long,  shallowly  channelled  with  a  thickened  mar- 
gin.   Cauhne  leaves  similar,  gradually  shorter  with  shorter  petioles. 

Dracocephalum  peltatum,  L.  (fig.  592). 

Primary  root  long,  flesuose,  with  numerous  lateral  rootlets. 
Eootstock  perennial. 

HypoGOtyl  short,  stout,  merging  into  the  root. 

Cotyledons  foliaceous,  glabrous,  petiolate  ;  lamina  oblong-reni- 
form,  9  mm.  long,  8  mm.  wide  ;  petiole  semiterete,  flattened  above, 
finely  pubescent,  12  mm.  long. 

Stem  herbaceous,  elongated  when  about  to  flower. 

Leaves  simple,  radical  (and  ultimately  cauhne),  opposite,  exstipu- 
late,  petiolate,  dentate-serrate,  finely  pubescent  on  both  sides; 
petioles  channelled  on  the  upper  side,  dilated  at  the  base,  pubescent. 

First  pair  small,  ovate,  obtuse,  cordate  at  the  base. 

Second  pair  rotmid- cordate,  obtuse. 

Third  pair  cordate,  obtuse. 

Fourth  pair  oblong,  obtuse,  cordate  at  the  base. 

Ultimate  leaves  cordate,  obtuse,  obtusely  dentate -serrate,  five- 
nerved  at  the  base  and  deeply  cordate. 


Fig.  591. — Salvia  verbenacoides. 
Half  nat.  size. 
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Nepeta  nuda,  L.  (fig.  593). 

Fruit  of  four  nutlets,  separating  when  mature,  oblong-ova], 
convex  and  flattened  dorsally,  obtusely  angled  on   the  ventral 


Fig.  592.~Dracocephalum  Fig.  59S.—Nepeia  nuda,  x  25.  Longi- 

peltatum.  tudinal  section  of  nutlet :  B,.  radicle ; 

Half  nat.  size.  A,  auricle  of  cotyledon ;  Pc,  pericarp ; 

T,  testa ;  P,  endosperm. 

aspect,  scabrid,  black,  with  a  white,  transverse  scar  a  little  above 
the  base  on  the  ventral  aspect ;  pericarp  separable  iato  an  outer 
rather  soft  dark  layer,  and  an  inner  paler  leathery  one. 

Seed  conforming  to  the  shape  of  the  nutlet,  and  filling  it  entirely 
if  _  properly  developed,  pale  grey ;  hilum  nearly  or  quite  basal ; 
micropyle  contiguous,  basal ;  raphe  ventral ;  chalaza  some  distance 
below  the  apex  on  the  ventral  aspect. 

Endosperm  fornung  a  tHn  film  Hnhig  the  interior  of  the  testa, 
■white.  ' 

Embryo  straight,  filhng  the  entire  seed  with  the  exception  of 
the  fihn  of  endosperm,  colourless  ;  cotyledons  oblong-oval,  rounded 
at  the  apex,  auricled  at  the  base,  one  concavo-convex,  the  other 
biconvex,  as  long  as  the  cavity  of  the  seed ;  auricles  produced  along 
the  sides  and  partly  over  the  back  of  the  radicle  to  fiU  up  the  space 
in  the  seed ;  radicle  oblong,  obtusely  pomted,  protruded  only  a 
little  way  beyond  the  cotyledons. 

Seedling  (fig.  594). 

Primary  root  slender,  tapering,  normal. 

Bypocotyl  erect,  terete,  densely  glandular-pubescent,  3-4  mm 
above  the  soil. 
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Fig.  594. — Nepeta  nuda,  x  2. 


Cotyledons  rotund-cordate,  obtuse,  entire,  rather  deeply  auricled 
at  the  base,  petiolate,  rather  densely  glandular-pubescent  on  both 

surfaces,  dull  opaque  green  or  slightly 
hoary  with  a  few  alternate  incurved 
nerves  seen  with  difficulty  even  by  trans- 
mitted hght ;  lamina  3"5-5  mm.  long, 
2"5-5  mm.  wide ;  petiole  semiterete, 
grooved  above,  densely  glandular-pube- 
scent, pale  green,  4'5-6'5  mm.  long. 

Stem  herbaceous,  erect,  densely 
glandular  -  pubescent,  obtusely  quad- 
rangular ;  1st  intemode  1  mm.  long. 

Leaves  simple,  cauline,  opposite, 
exstipulate,  petiolate,  alternately,  as- 
cendingly  incurvinerved,  densely  glan- 
dular-pubescent on  both  sm-faces,  duU 
green  or  somewhat  hoary ;  petiole 
semiterete,  chaimelled  above,  densely 
glandular-pubescent,  pale  green. 

First  pair  rotund- obtuse,  unequally 
crenate    suddenly  narrowed  into  the 
petiole,  almost  truncate,  few-nerved. 

Nepeta  Glechoma,  Benth. 

Hypocotyl  succulent,  pubescent,  pale  green,  about  4  mm.  above 
ground. 

Cotyledons  reniform,  emarginate,  pale  green,  somewhat  fleshy, 
pubescent,  5-25  mm.  long,  6-75  mm.  wide ;  petiole  5  mm.  long. 

Stem  herbaceous,  erect,  ultimately  procumbent,  throwuig  out 
prostrate  branches  from  the  axils  of  the  cotyledons,  square,  pubescent 
with  a  few  coarse  interpetiolar  hairs  at  the  nodes ;  1st  intemode 
1  mm.  long ;  2nd  1-5  mm. ;  8rd  2  mm.    Floweiing  stems  short, 

erect.  , 

Leaves  densely  pubescent  on  both  surfaces  and  thmly  covered 
with  coarse  jointed  hairs,  deep  green  above,  paler  beneath  ;  petiol^ 
channelled  above,  pale  green,  densely  pubescent  with  short  decurved 
hairs  mtermixed  with  a  few  scattered  long  ones. 

First  pair  reniform,  crenate,  seven-toothed. 

Second  pair  rotund-cordate,  crenate,  nme-toothed,  five-nerved 
at  the  base  with  a  few  alternate  ascending  nerves  on  the  upper 

half.  ,  1 

Ultimate  leaves  reniform  or  broadly  cordate  mth  a  deep  oasai 
sinus,  and  rounded  more  or  less  open  or  overlapping  auricles,  creuat«, 
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five-nerved,  reticulate,  rugose,  deep  green  and  scabrously  hairy  above, 
paler  beneath,  punctate  and  hairy  on  the  nerves. 

Nepeta  tuberosa,  L. 

Hypocotyl  3-16  mm.  long,  about  1  mm,  thick,  soft  and  herbaceous, 
densely  pubescent. 

Cotyledons  petiolate,  triangular  or  rotund,  emarginate,  truncate 
at  the  base  or  subauricled,  pale  green,  densely  pubescent  and  sub- 
glandular  on  both  surfaces,  as  is  the  terete  petiole. 

Stem  erect,  herbaceous,  pale  green  or  suffused  with  red,  obtusely 
quadrangular,  densely  pubescent  and  subglandular  ;  internodes  vari- 
able in  length  according  to  cultivation. 

Leaves  cauline. 

First  pair  rotund-cordate,  obtuse,  subcrenate,  penninerved, 
rugose,  densely  pubescent  on  both  surfaces  and  subglandular,  herb- 
aceous and  soft  in  texture  ;  petiole  terete,  channelled  above,  densely 
pubescent  and  subglandular. 

Second  pair  more  deeply  cordate  at  the  base,  and  more  deeply 
crenate. 

Lallemantia  peltata,  Fisch.  et  Mey. 

Fniit  consisting  of  four  dorsally  compressed,  triangular  nutlets. 

Seed  conforming  to  the  shape  of  the  nutlet,  flattened,  about  1- 
1"5  mm.  long,  exalbuminous ;  testa  membranous ;  hilum  incon- 
spicuous. 

Embryo  straight,  colourless,  fiUing  the  seed  ;  cotyledons  broadly 
oblong  or  obovate,  obtuse,  entire,  rather  miequal,  lymg  face  to  face  ; 
one  concavo-convex,  the  other  biconvex,  lying  the  broad  w&j  of  tlie 
seed  ;  radicle  short,  terete,  obtuse. 

Lallemantia  canescens,  Fisch.  et  Mey. 

Hypocotyl  erect,  terete,  glabrous,  l'2-l-6  cm,  long,  hght  greener 
colourless. 

Cotyledons  suborbicular,  auricled  or  cordate  at  the  base,  emargi- 
nate, glabrous,  pimiatinerved  as  in  the  leaves  ;  petioles  long. 

Stem  erect,  square,  glabrous  ;  1st  haternode  5-6  mm.  long  ;  2nd 
shorter. 

First  leaves  simple,  opposite,  one  growing  faster  than  another, 
ovate-oblong,  obtuse,  crenate,  exstipulate,  glabrous,  green,  pinnati- 
nerved  ;  petioles  long. 
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Lallemantia  iberica,  Fisch.  et  May. 

Ilypocotyl  minutely  pubescent,  8-4-5  cm.  long. 
Cotyledons  very  like  the  last  species,  reniform-orbicular,  deeply 
auricled  at  the  base,  glabrous  except  on  the  petioles. 
Stem. — Primary  uiternodes  undeveloped. 

First  leaves  ovate-lanceolate,  acute,  sUghtly  toothed,  minutely 
pubescent,  jpinnatinerved. 

Galeopsis  pyrenaica,  Bartl. 

Primary  root  an  abruptly  tapering  taproot,  giving  off  numerous 
fibrous  lateral  rootlets. 

Hypocotyl  erect,  terete,  glabrous,  pale  green,  becommg  stronger 
upwards,  3-6  cm.  long. 

Cotyledons  broadly  oblong  or  oblong-obovate,  or  obovate,  petiolate, 
emarginate,  auricled  at  the  base  with  two  small  ovate  or  triangular 
obtuse  or  subacute  auricles,  very  indistinctly  trinerved  with  the 
nerves  running  from  the  base  and  becoming  incm-ved  to  the  apex ; 
lamma  glabrous,  1-1-5  cm.  long,  •8-1-2  cm.  wide  ;  petiole  shghtly 
connate  at  the  base,  semiterete,  channelled  above,  cihate  at  the 
margins  -9-1 '5  cm.  long. 

The  shape  of  the  cotyledons  is  very  imusual  for  this  Order. 

Stem  herbaceous,  erect,  obtusely  quadrangular,  hah-y,  with 
many  of  the  hairs  glandular,  especially  the  shorter  ones  ;  1st  mter- 

node  -8-3  cm.  long. 

Leaves  simple,  cauhne,  opposite,  exstipulate,  hauy  on  both  sur- 
faces and  thinly  glandular,  petiolate,  penninerved,  with  ascending 
nerves  running  into  the  smus,  not  into  the  teeth  ;  petiole  semiterete, 
channelled  above  and  hairy. 

First  pair  broadly  oblong,  obtuse,  minutely  emarginate,  bluntly 
and  rather  distantly  serrated. 

Galeopsis  Ladanum,  L. 

Hypocotyl  covered  with  minute  hairs,  reddish,  1-1-5  cm.  long. 
Cotyledon  rotund,  ovate-obtuse,  emarginate,  petiolate,  glabrous 
except  on  the  petiole,  green,  indistinctly  one-nerved,  constricted  a 

little  above  the  base. 

Stem  erect,  square,  herbaceous,  pubescent,  annual ;  1st  mternode 

2-2-5  cm.  long  ;  2nd  4-5  mm. 

First  leaves  simple,  cauline,  opposite,  exstipulate,  petiolate, 
varying  from  ovate  to  lanceolate,  obtuse,  obtusely  serrate,  pubescent, 
light  green,  pinnatmerved  ;  petioles  short,  pubescent,  channelled  on 
the  upper  face. 
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Eremostachys  laciniata,  Bu7ig.,  var.  pinnatisecta. 
Hypocotyl  erect,  terete,  glabrous,  2-4  ram.  long,  light  green  or 
colourless. 

Cotyledons  thick,  fleshy,  unequal,  broadly  oblong,  emarginate, 
obtuse,  auricled  at  the  base,  petiolate,  glabrous,  indistinctly  tri- 
nerved,  green.  The  emargination  is  due  to  after-growth,  for  the 
cotyledons  are  entire  at  first. 

Primary  internodes  of  the 
stem  undeveloped. 

First  leaves  radical,  ovate, 
obtusely  crenate,  covered  with 
hairs,  light  green,  pinnatinerved ; 
petiole  long,  hairy,  channelled  on 
the  upper  side. 

Teucrium   Botrys,   L.  (fig, 
595). 

Primary  root  tapermg,  long, 
slender,  colourless,  with  short 
lateral  fibres,  annual. 

Hypocotyl  subterranean,  ter- 
ete, glandular-pubescent,  tapering 
gradually  into  the  root. 

Cotyledons  rather  fleshy, 
glandular-pubescent,  petiolate  ; 
lamina  ovate-oblong,  obtuse,  sub- 
mucronate,  5  mm.  long,  4  mm. 
wide. 

Stem  annual,  short  and  erect 
at  first  with  very  shortly  developed 
internodes,  ultimately  long  and 
procumbent. 

Leaves  simple,  radical  and  cauline,  opposite,  decussate,  exstipu- 
late,  petiolate,  opaque  green,  densely  glandular-pubescent  on  all 
parts  ;  petioles  channelled  above,  convex  beneath,  somewhat  dilated 
at  the  base  ;  nerves  of  leaf  all  sunk. 

First  pair  triangular,  obtuse,  nearly  trmicate  at  the  base,  rather 
deeply  crenate. 

Second  pair  triangular,  obtuse,  lobulate  ;  lobes  entire,  or  basal 
ones  with  a  tooth  on  the  posterior  side. 

Third  pair  triangular,  pinnatifid  ;  basal  lobes  unequally  bifid  or 
trifid ;  next  pair  of  lobes  tridentate. 


Fig.  595. — Teucrium  Botrys. 
Nat.  size. 
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Fourth  pair  triangular  and  similar  to  the  last,  but  the  segments 
are  more  slender  and  more  numerous. 

Ajuga  Chamaepitys,  Schreb.  (fig.  59G). 

Primary  root  tapering,  flexuose,  giving  off  lateral,  fleshy,  much 
branched  secondary  roots. 

fl2/j?ocoi?/Z  ascending,  terete,  fleshy,  glabrous,  reddish,  8  mm.  long. 
Cotyledons  oblong,  obtuse,  glabrous,  petiolate  ;  lamina  4  mm. 

long,  1-5  mm.  wide; 
S  *  petiole  2  mm.  long. 

Stem  herbaceous 
decumbent,  branch- 
ing. 

Lecuves  simple, 
radical  and  cauhne, 
opposite,  esstipulate, 
petiolate,  gradually 
decurrent  on  the  peti- 
ole almost  or  quite 
to  the  base  except  in 
the  primary  leaves, 
deep  green  above, 
glaucous  beneath 
and  strongly  ribbed, 
revolute  at  the 
margms. 

First  pair  small, 
oblong,  obtuse  or  sub- 
acute, entire,  distiuct- 
ly  petiolate ;  lamina 
4'5  mm.  long,  2-25 
mm.  wide. 

Second  pair  lanceolate,  obtuse,  tapering  somewhat  to  both  ends 
with  generally  a  small  tooth  on  each  side. 

Third  pair  similar  to  the  second  but  larger,  with  a  deeper  blunt 
tooth  on  each  side,  trinerved. 

Fourth  pair  narrowly  cuneate,  deeply  trifid,  with  oblong,  obtuse 

lobes,  trinerved. 

Fifth  pair  rather  unequal,  one  leaf  pinnatifid  with  four  obloug, 
obtuse  lobes  and  a  larger  terminal  one ;  the  other  leaf  deeply 

trifid.  , 

Sixth  pair  narrowly  oblong,  pinnatifid,  with  hnear-oblong,  ob- 
tuse segments,  the  terminal  one  larger  and  one-  to  two-toothed. 


Fig.  596— Ajuga  Chamapitijs. 
Nat.  size. 
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Benth.  et  Hook.  Ge7i.  PI.  ii.  1223. 

Fmit  mid  Seed.— The  ovary  is  superior  and  syncarpous, 
consisting  of  two  carpels  united  to  form  two  cells,  or  by  the 
development  of  spurious  septa  it  becomes  imperfectly  three-  to 
four-celled ;  in  monoecious  species  it  is  one-celled.  The  ovules 
are  solitary,  or  vary  from  two  to  fourteen  in  each  cell  in  dif- 
ferent species,  amphitropous,  and  attached  ventrally  to  axile 
placentas,  the  solitary  ovule  in  a  one-celled  ovary  is  basal.  The 
fruit  is  small,  included  in  the  persistent  calyx,  two-celled,  two- 
to  many-seeded  and  dehisces  circumscissly  below  the  middle,  at, 
or  near  the  base ;  when  one-seeded  it  is  indehiscent.  The  seed 
is  peltate  and  attached  by  or  near  the  middle  to  axile  pla- 
centas or  to  a  basal  placenta.  The  testa  is  mucilaginous,  and 
swells  up  in  water.  Fleshy  endosperm  is  present  in  variable 
quantity  according  to  the  species.  The  embryo  is  generally 
large  and  straight,  rarely  curved,  parallel  to  the  hilum,  and  in 
one-seeded  fruits  is  erect  or  transverse.  The  cotyledons  vary 
in  bemg  ovate,  oblong  or  linear,  with  their  backs  or  edges  to  the 
placentas  in  different  species.  The  radicle  is  generally  and 
sometimes  considerably  narrower  than  the  cotyledons,  equal 
in  length  or  more  often  shorter  and  inferior.  The  seeds 
observed  may  be  conveniently  divided  into  those  having  the 
backs  and  those  having  the  edges  of  the  cotyledons  to  the 
axis.  The  first  group  is  represented  by  Plantago  media 
(fig.  597)  which  has  small,  oval,  peltate,  plano-convex  or 
Bubconcavo-convex  seeds  attached  to  axile  placentas.  The 
hilum  is  below  the  middle  of  the  ventral  face  of  the  seed. 
The  embryo  generally  lies  across  the  seed  diagonally,  or 
oblique  to  the  median  axis,  and  has  oblong-spathulate  cotyle- 
dons lying  in  the  broader  plane  of  the  seed  with  their  backs 
to  the  hilum  or  placenta.  The  radicle  is  short.  The  fruit  is 
two-celled  and  four-seeded.  P.  major  has  two-celled  and 
eight-seeded  fruits  with  smaller  seeds ;  but  the  embryo  is 
similarly  disposed  to  that  of  P.  media.  The  cotyledons  of 
P.  major  are  oblong  and  much  wider  than  the  terete  radicle. 
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The  varieties  of  this  species,  namely  P.  m.  intermedia  and 
P.  m.  asiatica,  conform  to  the  type. 

Other  species  have  the  cotyledons  with  their  edges  to 
the  axis,  or  placenta  of  the  fruit,  as  for  instance  P.  lan- 
ceolata  (fig.  600).    The  ovary  is  two-celled  and  four-ovuled, 
hut  the  fruit  bears  only  one  perfect  seed  in  each  cell.  The 
seed  is  comparatively  large,  occupies  the  whole  of  the  cell,  and 
is  oblong,  peltate  and  deeply  concave  on  the  ventral  face.  The 
embryo  is  nearly  as  long  as  the  endosperm  and  straight. 
The  cotyledons  are  linear,  semiterete  in  transverse  section, 
lying  in  the  narrow  way  of  the  seed ;  they  almost  equal  the 
endosperm  in  thickness,  and  have  their  edges  to  the  placenta. 
The  radicle  is  shorter  and  narrower.    The  object  of  this 
arrangement  of  the  cotyledons  seems  to  be  for  the  greater 
convenience  of  exit  from  the  seed  during  germination,  be- 
cause if  they  had  been  placed  in  the  broader  plane  of  the 
seed  they  might  become  too  wide  or  even  be  curved  in  con- 
formity with  the  incurving  of  the  sides  of  the  same,  when  it 
would  be  impossible  for  them  to  get  out.    In  P.  media,  for 
instance,  where  the  seeds  are  nearly  flat,  the  latter  do  not 
split  open  during  germination,  but  the  embryo  escapes  by  an 
opening  at  one  end.    In  P.  stricta  it  closely  resembles  that 
of  P.  lanceolata.    The  fruit  of  P.  Cynops  is  two-celled  with 
one  seed  in  each  cell.    The  seed  is  ovate,  peltate,  concave  on 
the  ventral  face,  and  has  a  large  suborbicular  hilum  below 
the  middle  of  that  aspect.    The  cotyledons  are  thicker  than 
wide,  but  their  arrangement  is  precisely  that  of  P.  lanceolata. 
The  seeds  of  P.  arenaria  are  also  solitary  in  each  cell  and 
agree  with  those  of  P.  Cynops  in  every  respect. 

Some  species  whose  cotyledons  lie  in  the  narrow  plane  of 
the  seed  differ  in  certain  respects  from  those  above  mentioned. 
The  seed  is  not  concave  on  the  ventral  aspect,  but  may  either 
be  biconvex  or  plano-convex,  and  the  embryo  is  relatively  very 
large.  P.  Coronopus  is  an  instance  of  the  former.  The 
seed  is  broadly  oblong  with  a  small  hilum  below  the  middle 
of  the  ventral  face,  and  is  elliptic  in  transverse  section.  The 
cotyledons  are  linear,  as  thick  as  they  are  wide,  and  more 
than  semiterete  in  transverse  section,  conforming  pretty 
closely  to  the  outline  of  the  seed.    The  radicle  is  short 
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and  turbinate.  The  fruit  is  two-celled  and  many-seeded. 
P.  maritima  differs  from  the  above  by  having  a  two-celled, 
two-seeded  fruit,  and  plano-convex  seeds.  Endosperm  is 
relatively  scanty,  and  the  embryo  occupies  the  greater  portion 
of  the  seed.    In  other  respects  it  is  similar  to  P.  Coronopus. 

In  comparing  P.  media  and  P.  Coronopus,  I  find  that 
although  the  cotyledons  of  the  embryos  are  differently  placed 
with  regard  to  the  placentas,  they  are  most  conveniently  situ- 
ated in  each  case  to  occupy  the  greatest  amount  of  the  area  of  the 
seed  and  more  especially  durmg  germination.  The  cotyledons  of 
P.  media  are  thin,  wide  and  placed  m  the  broad  way  of  the 
seed  so  that  they  can  readily  grow  wider  durmg  germination 
and  also  utilise  the  endosperm  around  them.  The  cotyledons 
of  P.  Coronopus  have  their  edges  to  the  placentas,  and  their 
width  compared  with  the  combined  thickness  of  the  two  is  as 
two  to  three,  so  that  they  really  occupy  a  greater  area  of  the 
seed  than  if  th^y  had  their  backs  to  the  axis.  This  is  even 
more  evident  in  P.  maritima. 

Seedlings. — Just  as  there  are  two  leading  types  of  seeds,  so 
are  there  two  distinct  types  of  seedlings  with  their  characteristic 
cotyledons.  The  broad  general  distinction  which  I  adduce  from 
the  seedhngs  coming  under  my  observation  is  that  species  with 
broad  many-ribbed  leaves  have  fiat,  spathulate  or  lanceolate, 
but  not  necessarily  very  broad  cotyledons  ;  while  those  with 
narrow  leaves,  whether  entire  or  divided,  have  linear  and  thick 
succulent  cotyledons. 

The  thin  or  flat  type  is  represented  by  Plantago  media 
(fig.  598)  which  has  linear-spathulate  or  lanceolate  cotyledons 
tipped  with  a  dark  spot  or  minutely  emarginate,  and  one- 
nerved.  One  or  both  cotyledons  are  liable  to  fission,  so  that 
they  may  be  emarginate,  bifid  or  bipartite,  sometimes  appear- 
ing as  three  or  four  instead  of  the  normal  two.  This  takes 
place  as  a  result  of  growth  during  germination,  and  appears 
to  facilitate  their  exit  from  the  seed.  The  first  leaf  is  one- 
nerved  ;  the  second  trinerved  at  the  base ;  and  the  third 
and  fourth  are  trinerved  nearly  to  the  apex.  All  four  are 
spathulate  and  hairy.  The  ultimate  leaves  are  ovate  and 
seven-  to  nine-nerved.    P.  major  belongs  to  this  type. 

The  second  group  is  represented  by  P.  Coronopus  (fig.  599) 
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which  has  linear,  entire,  semiterete,  thinly  pilose  cotyledons 
about  8  mm.  long  and  slightly  connate  at  the  base.  The  first 
six  leaves  are  similar  but  larger,  longer,  and  more  hairy.  The 
ultimate  ones  are  long,  lanceolate,  pinnatisect,  with  linear  or 
lanceolate,  pinnatifid  or  toothed  segments,  and  are  trinerved 
in  the  lower  part,  giving  off  lateral  nerves  to  the  segments. 

The  cotyledons  ultimately  become  succulent  and  nearly 
terete.  Those  of  P.  arenaria  differ  chiefly  in  their  greater 
length,  measuring  from  2-2-6  cm.  The  leaves  are  all  linear, 
acute,  hairy  or  pilose,  slightly  furrowed  along  the  middle, 
entire,  and  differ  from  the  cotyledons  chiefly  in  size.  The 
cotyledons  of  P.  gnaphalioides  conform  to  those  of  P.  arenaria 
both  in  shape  and  size.  The  leaves  are  opposite  and  the  first 
pair  resemble  the  cotyledons.  The  second  pair  have  one  to 
two  obsolete  teeth  on  each  side,  and  the  third  to  the  seventh 
pairs  inclusive  are  linear,  broadest  above  the  middle,  and 
obsoletely  glandular-dentate.  The  cotyledons  of  P.  callosa 
vary  from  2-8-3-7  cm.  in  length,  and  are  glabrous,  succulent 
and  terete,  but  otherwise  conform  to  the  type.  The  leaves  are 
linear,  entire  and  alternate.  The  first  one  is  thmly  pilose  ; 
the  second  is  larger  and  slightly  furrowed  along  the  middle ; 
the  third  and  fourth  are  deeply  furrowed  above  and  tomentose, 
followed  by  two  which  are  broader,  deeply  channelled  above 
and  carinate  beneath.  The  ultimate  ones  are  felted  with 
tomentum  and  hoary, 

Plantago  media,  L.  (fig.  597). 

Ovary  two-celled,  four-ovuled  ;  ovules  peltate,  amphitropous ; 
^  niicropyle  inferior. 

Fndt  capsular,  dry,  membran- 
ous, two-ceUed,  two-  to  four- 
seeded,  dehiscing  cheumscissly. 

Seeds  plano-convex  or  sub- 
concavo-convex,   peltate,  small, 
oval  ui  longituduial  outhne,  with 
,  ,     .    equal  obtuse  ends,  or  the  basal  end 

Fia.  597— Plantago  viedia.    A,  longi-  ,  ,,    ,        ,        4.    4.    i.i  ;„  „olo 

tudinai  section  of  seed,  x  8 :  E,  radicle,    shghtly  broader  ;  testa  thm,  pale 

B,  transverse  section  of  seed,  x  16.         \,xoyfn  ;  hilum  a  httle  below  the 

middle  on  the  ventral  aspect,  round,  deeper  bro^^^l  than  the  rest  of 
the  testa ;  raphe  tapering  obliquely  from  the  hilum  towards  the 
upper  end  of  the  seed. 
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Endosperm  copious,  fleshy,  white. 

Embryo  straight,  narrow,  colourless,  a  httle  shorter  than  the 
endosperm  and  embedded  in  it  a  httle  nearer  the  dorsal  aspect 
of  the  seed  and  somewhat  obhque  to  its  median  axis  ;  cotyledons 
oblong- spathulate,  plano-convex,  tapering  towards  the  base,  obtuse, 
entire  ;  radicle  inferior,  obtuse,  shorter  than  the  cotyledons. 

Seedling  (fig.  598). 

Primary  root  slender,  tapering,  fibrous. 

Eypocotyl  tapermg  downwards,  -5-1 -4  cm.  long,  glabrous,  pale 
green. 

Cotyledons  hnear-spathulate,  or  lanceolate,  obtuse,  tipped  with 
a  dark  spot  or  minutely  emarginate,  tapering  mto  the  petiole, 
glabrous,  hght   green,  with   a  dis- 
tinct midrib  and  obscurely  reticulate, 
1*1  cm.  long  including  the  petiole, 
2'75  mm.  wide,  above  the  middle. 

Out  of  a  batch  of  eight  seedluigs 
two  had  one  of  the  cotyledons  more 
or  less  deeply  bifid  or  bipartite. 

Stem  very  short,  constitutmg  the 
persistent  rhizome. 

Leaves  simple,  radical,  alternate, 
exstipulate,  petiolate,  hairy  on  both 
surfaces,  longitudinally  five-  to  seven- 
or  more  -nerved,  subphcate  longitu- 
dinaUy,  and  obscurely  reticulate  be- 
tween the  nerves,  Ught  green ;  peti- 
oles broad,  more  or  less  winged  in  the 
old  plant,  dilated  and  sheathing  at 
the  base,  broadly  and  shallowly  chaimelled  above. 

No.  1.  Spathulate,  obtuse,  entire,  with  a  distinct  midrib,  and 
obscurely  reticulate. 

No.  2.  Similar,  but  showing  three  nerves  in  the  petiole. 

Nos.  3  and  4.  Similar,  but  hawig  three  nerves  extending  nearly 
to  the  apex. 

Ultimate  leaves  ovate,  with  short  petioles  or  oval- elliptic,  more 
or  less  considerably  drawn  out  at  the  base,  five-  to  seven-  or  more 
nerved  longitudinally,  phcate,  obtuse,  distantly  and  obscurely  dentate 
on  the  sides. 

Germination. — In  eight  days  fourteen  seedlings  germinated,  and 
twelve  (a  percentage  of  85-7)  carried  the  testa  up  with  the  coty- 
ledons. 


Fig.  598. — Flantago  media. 
Nat.  size. 
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Out  of  thirty-six  seedlings  that  germinated,  one  had  the  one 
cotyledon  entire  and  the  other  bipartite,  i.e.  the  seedling  had 
apparently  three  cotyledons,  while  another  seedUng  had  four  such 
cotyledons.  This  gives  an  average  of  5'5  per  cent,  of  seedhngs 
with  cut  or  divided  cotyledons,  but  the  average  might  possibly  be 
much  greater  in  a  large  batch. 

Plantago  major,  L. 

Capsule  two-celled,  eight-seeded,  ovoid,  obtuse,  mucronate,  gla- 
brous, dehiscing  circumscissly  about  the  middle. 

Seed  peltate,  oblong,  obtuse  at  either  end,  variously  angled  by 
mutual  pressure,  convex  on  both  surfaces,  especially  on  the  back, 
smooth,  minutely  wrinkled  or  striated,  pale  green,  becoming  broMTiish- 
green,  ultimately  black  or  nearly  so  ;  hilum  oval,  v-entral,  uacon- 
spicuous  ;  micropyle  and  radicle  mf erior. 

Endosperm  copious,  fleshy,  or  somewhat  horny  when  di^, 
colourless. 

Embryo  very  similar  to  that  of  P.  media. 
Plantago  Coronopus,  L. 

Ovary  two-celled,  many-ovuled;  ovules  attached  below  their 
middle. 

Capsule  ovoid  or  oblong- fusiform,  two-celled,  many-seeded, 
dehiscing  circumscissly. 

Seed  oblong- oval,  suddenly  tapered  to  an  obtuse  point  at  the 
lower  end,  small,  pale  brown,  generally  suffused  with  a  glaucous 
colour,  dorsally  compressed  and  obtusely  ancipitous ;  hilum  forming 
a  round,  darker-coloured  mark  on  the  ventral  aspect  below  the 
middle  of  the  seed  ;  raphe  and  chalaza  inconspicuous  ;  micropyle  at 
the  lower  and  obtusely  pointed  end  of  the  seed. 

Endosperm  in  the  mature  seed  moderately  copious,  fleshy,  dhty 
white. 

Embryo  comparatively  large,  straight,  central,  nearly  equalhiig 
the  endosperm  in  length,  dirty  white  or  pale  brown  in  colour ;  coty- 
ledons linear,  obtuse,  entire,  plano-convex,  thick  and  semiterete  or 
even  thicker,  lying  in  the  narrow  way  of  the  seed  with  their  edges 
to  the  placenta  (the  thickening  occurring  in  the  broader  way  of  the 
seed)  ;  radicle  turbinate,  obtusely  pointed,  much  shorter  than  the 
cotyledons,  lying  in  the  lower  pointed  end  of  the  seed- 
Seedling  (fig.  599). 

Primary  root  tapering,  with  numerous  lateral  fibres. 
Hypocotyl  short,  mostly  subterranean,  tapering  mto  the  root. 
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Cotyledons  linear,  obtuse  or  subacute,  with  liyaline  bristle-lilce 
hairs,  about  8  mm.  long. 

Stem  herbaceous,  with  undeveloped  internodes. 

Leaves  simple,  radical,  alternate,  exstipulate,  petiolate  in  the 
adult  stage,  coarsely  hairy  all  over  with  whitish  bristle-like  hairs, 
triuerved  in  the  adult  stage,  the  nerves  branching  mto  the  primary 
divisions  of  the  leaf  ;  petiole  indistinguishable  from  the  leaf  in  the 
seedhng  stage,  trinerved  and  grooved  in 
the  adult,  hairy,  dilated  and  sheathing  ^ 
at  the  base. 

Primary  leaves  linear,  similar  to  but 
larger  and  longer  than  the  cotyledons. 

Ultimate  leaves  lanceolate,  entire 
or  more  or  less  deeply  pinnatifid  ;  seg- 
ments oblong,  linear  or  lanceolate, 
acute,  entire  or  shghtly  toothed  or 
lobed. 

Germination.  —  The  seeds  germi- 
nated in  three  days. 

The  radicle  is  first  protruded  and 
soon  estabUshes  itself  in  the  ground, 
sending  out  root-hairs. 

The  hypocotyl  then  emerges,  and 

together  with   the  basal  part   of    the  ^99.-Plantago  Corono],us. 

cotyledons  forms   an  arch  by  which 

(using  the  radicle  as  a  fulcrum  or  holdfast)  the  upper  parts  of  the 
cotyledons  are  puUed  out. 

The  epithehal  cells  of  the  seed  become  mucilagmous  in  the 
presence  of  moisture,  and  attaching  themselves  firmly  to  the  soil 
retain  the  testa  there  while  the  cotyledons  are  being  pulled  out. 
The  testa  is  rarely  puUed  out  of  the  ground. 

The  cotyledons  emerge  from  the  seed  with  their  edges  upward  ; 
they  are  at  first  closely  applied  face  to  face,  but  gradually  diverge 
and  open,  and  turn  then-  faces  upwards  to  the  Hght,  while  the  tips 
retain  the  curve  for  a  considerable  time. 

Plantago  arenaria,  W.  et  Kit. 

Ovary  two-celled,  with  one  peltate,  amphitropous  ovule  in  each 
cell,  attached  in  a  depression  of  the  thickened  placenta  about  half 
way  between  the  base  and  apex  of  the  cell. 

Caps^ih  ovoid,  dehiscing  circumscissly  about  the  middle,  two- 
celled,  two-seeded,  glabrous. 

Seed  oblong  or  ovate-oblong,  tapering  slightly  upwards  but  blunt 
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at  either  end,  concave  or  boat-shaped  on  the  ventral  face,  pale  green 
when  immature,  becoming  deep  shining  brown,  and  always  semi- 
transparent,  disclosing  the  embryo  ;  hilum  about  the  middle  of  the 
ventral  aspect,  oval,  whitish  ;  micropyle  and  radicle  inferior. 

Embryo  straight,  colourless,  falling  a  little  short  of  the  endo- 
sperm transversely  to  the  axis ;  cotyledons  linear,  obtuse,  entire, 
tapering  to  the  base  and  appearing  slightly  petiolate,  closely  applied 
face  to  face  with  their  edges  to  the  placenta  ;  radicle  tapering  to  an 
obtuse  point,  thinner  and  shorter  than  the  cotyledons,  but  lying  in 
the  broader  and  lower  end  of  the  seed. 

Endosperm  abundant,  fleshy,  somewhat  homy  when  dry,  sub- 
transparent,  whitish. 

Seedling. 

Primary  root  descending,  sending  off  numerous  lateral  fibres. 

Hypocotyl  terete,  pubescent,  l-2-l"6  cm.  long. 

Cotyledons  long,  linear,  cylindrical  or  subterete,  acute,  entire, 
sessile,  with  a  few  scattered  minute  hairs,  green,  without  any  apparent 
venation. 

Stem  with  primary  internodes  undeveloped. 
First  leaves  simple,  entire,  opposite,  radical,  hnear-acute,  slightly 
furrowed,  hairy,  green,  one-nerved,  sessile,  exstipulate. 

Plantago  Cynops,  L. 

Ovary  as  in  P.  arenaria. 

Capsule  broadly  ovoid,  mucronate,  glabrous,  pale  green,  with  a 
pale  line  where  the  two  carpels  come  together,  and  a  dark,  slender 
one  along  the  middle  of  the  carpel  giving  the  capsule  in  a  young 
state  the  appearance  of  consisting  of  four  carpels,  two-celled,  two- 
seeded,  dehiscing  circumscissly  near  the  base. 

Seed  ovate,  obtuse,  peltate,  much  compressed  dorsally,  but  con- 
vex in  conformity  with  the  mner  surface  of  the  capsule,  concave  on 
the  ventral  face,  smooth,  shining,  deep  green  when  young  with  suf- 
ficient transparency  to  show  the  embryo  by  transmitted  light ;  hiliiin 
ventral,  large,  broadly  oval  or  suborbicular,  slightly  below  the  middle 
of  the  seed  ;  radicle  and  micropyle  inferior. 

Endosperm  copious,  fleshy,  rather  transparent. 

Embryo  very  similar  to  that  of  P.  arenaria. 

Plantago  gnaphalioides,  Nutt. 

Hypocotyl  very  similar  to  last  species,  glandular-pubescent. 
Cotyledons  as  in  last  species  ;  slightly  connate  at  the  base,  with 
a  thin  glandular  pubescence,  2-2-5  cm.  long. 
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Sim  annual,  terete,  erect,  glandular-pubescent ;  1st  internode 
1-7-2-6  cm.  long ;  2nd  similar,  or  somewhat  shorter. 

Leaves  cauline,  opposite,  decussate,  tapering  to  the  base,  sessile, 
and  slightly  connate,  with  an  indistinct  midrib,  glandular-pubescent, 
exstipulate. 

First  pair  linear,  slender,  similar  to  the  cotyledons. 

Second  pair  hnear,  obtuse,  entire,  or  with  one  or  two  obsolete 
teeth  on  each  side. 

Third  to  seventh  pairs  linear,  broadest  above  the  middle,  dis- 
tantly and  obsoletely  dentate,  teeth  glandular. 

Plantago  callosa,  Coll. 

Primary  root  very  long,  flexuose,  wiry,  annual. 
Hijpocotijl  erect,  terete,  glabrous,  deep  purple  or  red,  1-8-2-8  cm. 
long. 

Cotyledons  hnear,  acute,  terete,  glabrous,  sessile  and  connate  at 
the  base,  forming  a  cup  surrounding  the  rosette  of  leaves,  2-8-3-7 
cm.  long. 

Stem  with  the  internodes  undeveloped. 

Leaves  simple,  entire,  radical,  alternate,  sessile,  clasping  at  the 
base,  hoary  or  felted  with  a  white  tomentum. 

No.  1.  Linear,  semiterete,  flattened  above,  very  thmly  hairy,  or 
pilose. 

No.  2.  Larger  and  shallowly  channelled  above. 
Nos.  3  and  4.  Tomentose  and  deeply  furrowed  above. 
Nos.  5  and  6.  Broader,  tomentose,  with  a  wide  deep  channel 
above,  and  obtusely  carinate  beneath. 

Plantago  lanceolata,  L.  (fig.  600). 

Ovary  two-celled,  with  axile  placentation  bearing  about  midway 
between  the  base  and  apex  of  each  cell  two  amphitropous  ovules  ; 
micropyle  inferior. 

Capsule  oblong,  obtuse  at  either  end,  glabrous,  two-celled  with 
one  perfect  seed  in  each  cell,  dehiscing  circumscissly  about  one- 
third  above  the  base. 

Seed  oblong,  obtuse  at  either  end,  peltate,  equalling  the  interior 
of  the  cell  in  length  and  breadth,  concave  on  the  ventral  face  and 
appearing  boatshaped,  smooth,  pale  green  in  the  immature  state, 
then  becoming  colourless  or  pale  yellow  and  subtransparent,  after- 
wards deep  shming  brown  and  still  semitransparent  when  fresh, 
ultimately  deep  brown ;  hilum  oval,  forming  a  white  or  pale  spot 
on  the  ventral  aspect  about  or  a  little  below  the  middle  ;  micropyle 
and  radicle  inferior. 
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Pig.  600. — Plantago  lanceolata, 
X  12.  Transverse  section  of 
seed :  C,  cotyledon  ;  T,  testa ; 
JH,  endosperm;  ViF,  ventral 
face. 


Endosperm  abundant,  fleshy  or  somewhat  horny  when  dry, 
subtransparent.  ■ 

Embryo  straight,  colourless,  embedded  in  endosperm  and  falling 

a  little  short  of  the  length  of  the  seed ; 
cotyledons  narrowly  oblong  or  linear, 
obtuse,  plano-convex,  closely  appHed 
face  to  face  transversely  to  the  axis, 
but  in  the  narrow  way  of  the  seed, 
with  their  edges  to  the  placenta  and 
towards  the  dorsal  and  ventral  face  of 
the  seed,  shortly  petiolate  or  tapered 
downwards ;  radicle  oblong,  obtuse, 
shorter  and  considerably  narrower  than 
the  cotyledons,  inferior,  tapering  downwards. 

Plantago  striata,  Scliousb.,  is  very  similar  to  P.  lanceolata. 
Plantago  maritima,  L. 

Ovary  two-celled,  with  one  ovule  in  each  cell. 

Capsule  narrowly  ovoid,  two-celled,  two-seeded,  dehiscing  cir- 
cumscissly  about  one-third  from  the  base  ;  the  upper  part  carrying 
with  it  the  placentas  and  seed. 

Seed  oblong-lanceolate,  biconvex,  or  slightly  flattened  on  the 

ventral  face. 

Embryo  straight,  large,  and  nearly  occupying  the  whole  of  the 
interior  of  the  seed ;  cotyledons  with  their  edges  to  the  axis. 


NYCTAGINE.E. 

Benth.  et  Hook.  Gen.  PI.  Hi.  1. 

Fruit  and  Seed— The  superior  ovary  is  included  in  the  tube 
of  the  perianth,  and  is  one-celled  with  a  solitary,  basal,  erect, 
campylotropous  ovule.  The  fruit  is  a  thin,  membranous  and 
indehiscent  utricle,  enclosed  in  the  base  of  the  persistent  and 
now  leathery,  fleshy  or  hardened  perianth  which  is  termed  the 
anthocarp.  The  latter  is  ribbed,  furrowed,  angled  or  winged, 
sometimes  mucilaginous,  sometimes  garnished  with  stalked 
glands.  The  pericarp  is  sometimes  thin  and  leathery  or 
fleshy.    The  seed  is  erect  and  has  a  thin  hyaline  testa,  or 
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the  latter  may  be  wholly  amalgamated  with  the  ijericarj). 
Endosperm  is  copious,  farinaceous,  fleshy  or  mucous,  or  scanty, 
and  sometimes  almost  wanting.  The  embryo  is  sometimes 
straight  with  broad,  foliaceous,  conduplicate  cotyledons  sur- 
rounding or  enclosing  the  endosperm,  with  a  short  inferior 
radicle ;  in  other  cases  it  is  doubled  upon  itself  with  broad, 
foliaceous,  incumbent  and  convolute  cotyledons  wrapped  round 
the  endosperm;  or  the  cotyledons  are  narrow  and  closely 
apphed  to  the  latter.  When  the  embryo  is  doubled  upon 
itself,  the  radicle  is  long,  and  external  to  the  endosperm,  with 
its  tip  close  to  the  inferior  basal  micropyle. 

An  unusual  character  occurs  in  Cryptocarpus  which  has 
an  annular  embryo ;  and  in  Abronia  one  of  the  cotyledons  is 
small  and  almost  aborted. 

Two  different  types  of  embryo  occur  amongst  the  seeds 
observed.    The  cotyledons  are  always  unequal,  but  hi  some 
cases  one  is  nearly  aborted.    The  anthocarp  of  Mirabilis  longi- 
flora  is  obovoid,  closed  by  constriction  above  the  true  fruit, 
hardened  or  crustaceous  and  sculptured  on  the  outer  sur- 
face.   The  pericarp  is  thin  and  membranous  as  is  the  testa 
which  adheres  to  it.     The  embryo  is  doubled  upon  itself 
with  unequal,  concave  cotyledons  occupying  the  periphery 
of  the  seed  and  enclosing  the  farinaceous  endosperm.  The 
radicle  is  long,  terete,  stout  and  occupies  the  other  side 
of  the  seed,  and  together  with  the  outer  cotyledon  deter- 
mmes  the  smaller  size  of  the  inner  cotyledon  by  restricting 
its  growth.     The  anthocarp  of  Oxybaphus  nyctagineus  is 
oblong,  obtusely  five-angled,  hairy  and  closely  invests  the 
fruit,  and  that  again  the  seed  which  conforms  to  the  in- 
tenor.    The  outer  cotyledon  is  very  broad,  almost  oblate 
and  surrounds  the  endosperm  with  its  edges  closely  abutting 
agamst  the  radicle.    The  inner  and  smaller  cotyledon  also 
comes  close  up  against  the  radicle  with  its  edges.    In  other 
respects  this  species  resembles  MirabiHs  longiflora.  The 
radicle  in  both  cases  is  curved  at  its  base  and  longer  than  the 
cotyledons. 

The  second  type  is  represented  by  Abronia  umbellata 
(ng.  602,  B).  The  anthocarp  is  strongly  five- winged  with  the 
wings  broadest  at  the  upper  end.    The  ovary  and  seed  are 
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narrowly  obovoid  or  oblong-obovoid,  the  former  slightly  oblique 
at  the  base  where  it  is  attached  to  the  receptacle.  The  outer 
cotyledon  is  broadly  ovate-oblong,  concave  and  surrounds  the 
endosperm ;  the  inner  one  is  rudimentary  and  many  times 
thinner  than  the  petiole  of  its  fellow.  The  radicle  is  slightly 
curved  about  the  middle,  longer  than  the  larger  cotyledon 
and  occupies  the  longer  side  of  the  seed  with  its  tip  occupying 
the  slightly  prolonged  base.  The  fruit  of  A.  arenaria  is  ellip- 
soid and  five-angled.  The  seed  is  narrowly  obovoid.  The  other 
characters  (fig.  602,  A)  correspond  to  those  of  A.  umbellata. 
Occasianally,  however,  a  seed  may  be  found  containing  an 
embryo,  the  smaller  cotyledon  of  which  is  of  some  consider- 
able size,  and  nearly  half  as  long  as  the  other. 

Seedlmgs.—As  in  the  seeds  so  also  after  germination  the 
cotyledons  are  unequal.    Two  leading  types  may  be  noticed, 
namely  those  which  are  oblate  varying  to  reniform,  and 
those  which  vary  between  oblong  and  obovate.    The  more 
common  type  of  cotyledon  is  oblate  and  subtruncate  at  the 
base  or  has  a  shallow  sinus  as  shown  by  Mu-abilis  dicho- 
toma  (fig.  601).    The  cotyledons  are  five-nerved  at  the  base 
and  reticulate,  sometimes  emarginate  with  a  tooth  in  the 
notch.    The  lamina  of  the  larger  one  measures  2-2  cm.  long 
and  4  cm.  wide,  while  the  smaller  one  is  about  the  same 
length,  but  only  3-6  cm.  wide.    The  petioles  are  also  unequal 
The  cotyledons  of  M.  longiflora  are  trinerved  and  reticulate, 
with  the  midrib  forking  some  distance  below  the  apex,  and 
they  are  also  variously  emarginate.    The  average  size  of 
the  larger  lamina  is  2-38  cm.  long  and  3-25  cm.  wide ;  that 
of  the  smaller  one  is  1-9  cm.  long,  and  2-76  cm.  wide. 
The  petioles  are  glandular-pubescent  and  generally  un- 
equal in  length.    In  general  characters  M.  multiflora  agrees 
with  its  congeners.    The  cotyledons  are  glabrous  and  five- 
nerved;  the  larger  lamina  varies  in  different  mdividuals  from 
2-4-2-8  cm.  long,  and  4-4-6  cm.  wide;  the  smaller  one  is 
2-0-2-4  cm.  long,  and  3-4-3-7  cm.  wide. 

The  seedlings  of  Oxybaphus  agree  with  the  above  m  general 
form  of  the  cotyledons,  but  the  latter  are  notable  for  the 
shortness  of  their  petioles.  Those  of  0.  viscosus  are  relatively 
small,  reniform,  trinerved,  densely  pubescent  and  unequal. 
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Those  of  0.  ovatns  are  larger,  more  decidedly  auricled  at  the 
base,  densely  hairy,  and  sometimes  at  least  misymmetrical. 
The  first  pair  of  leaves  are  lanceolate,  showing  only  a 
midrib,  and  are  hairy  like  the  cotyledons.  The  latter  in 
0.  elegans  are  more  roundly  reniform,  trinerved,  glabrous 
and,  like  the  others,  very  shortly  petiolate.  As  in  0.  ovatus 
the  short  hypocotyl  becomes  fleshy  and  tuberous  at  a  very 
early  age.  The  first  pair  of  leaves  are  lanceolate,  succeeded 
by  others  which  are  ovate  and  glabrous  like  the  cotyledons. 
A  slight  variation  occurs  in  0.  nyctagineus  which  has  suborbi- 
cular,  trinerved,  glabrous,  imequal  cotyledons.  The  lamina 
of  the  larger  ones  measures  about  1-5  cm.  long,  and  1-35  cm. 
wide,  while  that  of  the  smaller  one  is  1-4  cm.  long,  and  1-3  cm. 
wide.    Both  are  cuneate  at  the  base. 

The  species  of  Abronia  differ  considerably  from  the  above, 
both  in  the  form  of  the  cotyledons  before  and  during  germi- 
nation, and  in  their  behaviour  afterwards.     One  of  the 
cotyledons  is  almost  aborted  in  the  seed  and  remains  small 
for  some  time  after  germination  but  in  A.  umbellata  at  least 
it  afterwards  becomes  the  largest  and  grows  like  a  leaf,  attain- 
ing the  shape  of  the  latter.    The  lamina  of  the  larger  one 
eight  days  after  germination  is  oblong,  8-8-5  mm.  long,  and 
4-6-6  mm.  wide;  twenty-eight  days  after  germination  it  is  still 
of  the  same  shape,  but  is  1-4-1-45  cm.  long,  and  9  mm.  wide. 
The  lamina  of  the  smaller  one  eight  days  after  germination  is 
oboyate,  1-25  mm.  long,  and  1  mm.  wide ;  twenty-eight  days 
after  germination  it  is  1-4-1-8  cm.  long,  and  8-75-10  mm. 
wide  above  the  middle.    The  leaves  are  alternate,  but  the 
primary  ones  are  nearly  opposite.    The  first  four  are  oblong, 
somewhat  cuneate  at  the  base,  and  rounded  at  the  apex.  The 
full-grown  cotyledons  of  A.  arenaria  are  very  unequal.  The 
larger  one  is  oval,  1-4  cm.  long,  and  8-75  mm.  wide,  with 
a  petiole  3-4  cm.  long,  while  the  smaller  one  is  obovate, 
5  mm.  long,  3-75  mm.  wide,  and  the  petiole  2-2-6  cm.' 
Jong.     The  leaves  are  opposite,  but   so  unequal  in  size 
that  they  appear  alternate  during  development  in  the  bud. 
They  are  finely  glandular-pubescent,  and  the  first  four  at  least 
are  oval  like  the  larger  cotyledon.    The  ultimate  ones  are 
broadly  ovate  or  suborbicular,  unequal  both  in  lamina  and 
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petiole.    This  is  brought  about  probably  in  part  by  the' 
procumbent   or  trailing  stem  interfering  with  the  proper 
growth  of  opposite  and  decussate  leaves. 

Mirabilis  longiflora,  L. 

Hypocotyl  short,  stout,  erect  or  decumbent,  terete,  glabrous  or 
glandular-hairy,  1-5-1-8  cm.  long. 

Cotyledons  very  hke  those  of  M.  dichotoma,  rather  fleshy, 
frequently  emarginate  with  one  or  two  notches,  glabrous  except  the 
petioles ;  midrib  strong  and  promment  on  the  mider  side ;  lamuia 
of  the  larger  cotyledon  in  an  average  of  four,  2-38  cm.  long, 
8-25  cm.  wide;  smaller  lamma  in  an  average  of  four,  1-92  cm. 
long,  276  cm.  wide  ;  petioles  mostly  unequal  in  length,  the  longer 
one  belonging  to  the  smaller  lamina,  semiterete,  channelled  above, 
densely  glandular-hairy,  pale  green  or  reddish,  2-6-5-5  cm.  long. 

Sitem 'herbaceous,  erect  at  first,  ultimately  decumbent,  ascendhig 
or  variable  ;  1st  uiternode  5-5-5  cm.  long. 

Leames  simple,  entire,  cauline,  opposite,  exstipulate,  petiolate, 
irregularly  and  alternately  penninerved  and  reticulate,  with  the 

nerves  forking  towards  the 
margin  of  the  leaf,  and 
sending  a  cmwed  branch 
downwards  and  the  other 
upwards  to  meet  the  one 
next  above  it,  more  or  less 
glandular  -  pubescent  aU 
over,  deep  dull  green  above 
with  a  reddish  midrib,  paler 
beneath  and  suffused  with 
red ;  petioles  semiterete, 
channelled  above,  densely 
glandular-pubescent. 

Fh'st  pair  ovate,  obtuse, 
suddenly  tapered  into  the 
petiole. 

Mirabilis  dichotoma, 
L.  (fig.  601). 

Primary  root  very 
short,  apparently  ceasmg  to  elongate,  and  hke  the  hypocotyl  giNing 
off  fibrous  lateral  rootlets. 

Hypocotyl  1-5-2  cm.  long,  4  mm.  thick,  succulent  and  ulti- 
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mately  becoming  fleshy  and  tuberous,  gibbous  at  the  base  on 
one  side  when  young. 

Cotyledons  unequal,  transversely  oval,  apiculate,  subtruncate  at 
the  base  ;  the  larger  one  2*2  cm.  long,  4  cm.  wide,  strongly  nerved 
and  reticulate  ;  the  smaller  one  2-2  cm.  long,  3'6  cm.  wide ;  petioles 
4"8  cm.  and  4"3  cm.  long  respectively. 

Stem  erect  and  forking  from  the  first  pair  of  leaves,  terete, 
glabrous,  bright  red;  1st  mternode  6-9'5  cm.  long;  2nd  (first  of 
the  fork)  1-6-3  cm. 

Leaves. — First  pair  ovate,  obtuse,  irregularly  penninerved  and 
reticulate,  subtruncate  at  the  base  and  equal,  3  cm.  long  and 
2  cm.  wide ;  petiole  8-10  mm.  long,  chamielled  above,  sUghtly 
connate  at  the  base. 

First  pair  of  the  fork  ovate,  obtuse,  constantly  very  oblique  at 
the  base,  irregularly  penninerved  ;  petiole  channelled  above,  comiate 
at  the  base,  1-1*5  cm.  long. 

Second  pair  of  fork  triangularly  ovate,  obtuse,  irregularly  pemii- 
nerved  and  reticulate,  pale  green  on  both  surfaces ;  nerves  most 
prominent  below ;  petiole  deeply  channelled  above,  convex  beneath. 

Mirabilis  multiflora,  A.  Gray. 
Hypocotyl  very  short  or  subterranean. 

Cotyledons  unequal,  with  long  petioles,  glabrous,  pale  sub- 
glaucous-green,  with  an  oblate  lamina ;  larger  lamina  2-4-2-8  cm. 
long,  by  4-4-6  cm.  wide,  with  five  nerves  radiating  from  the  base, 
smaller  lamina  2-2-4  cm.  long  and  3-4-3-7  cm.  wide,  with  a  similar 
venation ;  petioles  semiterete,  chamielled  above,  finely  glandular- 
pubescent. 

Stem  herbaceous,  erect,  terete,  finely  glandular-pubescent ;  1st 
internode  4-4-5  cm.  long. 

Leaves  petiolate  (upper  sessile) ,,ciUate  at  the  margins  and  pubes- 
cent on  the  nerves  beneath,  otherwise  glabrous,  glaucous  and  suffused 
with  pink  ;  petioles  chamielled  above,  finely  pubescent. 

First  pair  ovate,  obtuse,  penninerved,  often  shghtly  unequal 
at  the  base. 

Oxybaphus  nyctagineus,  Szoeet. 

Hypocotyl  very  short,  subterranean,  thickened  or  tuberous. 

Cotyledons  suborbicular,  obtuse,  entire,  cuneate  at  the  base, 
trmerved,  ^  with  the  lateral  nerves  incurved  and  uniting  with  the 
mulrib  at  its  apex,  unequal,  glabrous,  rather  persistent ;  lamina  of 
the  smaller  one  1-4  cm.  long,  1-3  cm.  wide,  and  its  petiole  shallowly 
channelled  on  the  upper  side,  and  1  cm.  long;  lamina  of  the 
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larger  one  1'5  cm.  long,  1-35  cm.  wide,  mth  its  petiole  strongly 
channelled  on  the  upper  side,  and  1*15  cm.  long. 

Stem  herbaceous,  erect,  terete,  striate,  pubescent,  purpUsh ;  1st 
internode  about  1"4  cm.  long. 

Leaves  simple,  entire  (at  least  in  seedlings),  cauline,  opposite, 
exstipulate,  petiolate,  glabrous,  incurvuierved,  with  two  strong 
lateral  nerves  proceeding  from  near  the  base  as  m  the  cotyledons, 
tapering  downwards  into  the  petiole  which  is  grooved  above. 

First  pair  obovate,  obtuse,  entire. 

Oxybaphus  ovatus,  VahL 

Hypocotyl  stout,  1-2  mm.  long,  glabrous,  hght  green,  ultimately 
tuberous  and  fleshy. 

Cotyledons  oblate  or  reniform,  unequal,  w4th  the  larger  one 
unsymmetrical,  obtuse,  entire,  cordate  at  the  base,  petiolate,  vnth. 
long  thick  petioles,  hispid,  dull  green,  distinctly  pinnatinerved. 

Stem  erect,  terete,  pubescent ;  1st  internode  2-3  mm.  long. 

First  leaves  alternate  or  nearly  opposite,  lanceolate,  subacute, 
pubescent,  reddish-green  ;  midrib  alone  apparent. 

Oxybaphus  viscosus,  L'Herit. 

Hypocotyl  erect,  terete,  finely  pubescent,  reddish,  7-10  mm. 
long. 

Cotyledons  very  similar  to  those  of  0.  ovatus,  thickly  pubescent, 
greenish  above,  crimson  beneath. 

The  larger  cotyledon  is  cordate  at  the  base,  the  smaller  one 
only  very  slightly  so,  or  not  at  all. 

Oxybaphus  elegans,  Chois. 

Hypocotyl  as  in  0.  ovatus,  8-5  mm.  long. 

Cotyledons  very  similar  to  those  of  0.  ovatus,  very  unequal, 
glabrous,  light  green,  trinerved  ;  petiole  flat. 

Stem  erect,  quadangular,  herbaceous  ;  1st  internode  1-5-1-8  cm. 
long  ;  2nd  1-2-5  cm. 

First  leaves  opposite,  decussate. 

First  pair  lanceolate. 

Second  and  succeeding  pairs  ovate-oblong,  obtuse,  fleshy,  -witli 
broad,  flat  petioles,  glabrous,  hght  green  above,  reddish  beneath, 
distinctly  alternately  nerved. 

Abronia  arenaria,  Menz.  (fig.  602,  A). 

Achene  enclosed  in  and  adhering  to  the  ellipsoid,  five-angled, 
persistent  base  of  the  perianth. 
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Seed  narrowly  obovoid,  narrowed  to  the  base,  where  it  is  slightly 
unequal,  smooth,  pale  broAvn,  marked  from  the  base  to  near  the 
apex  on  each  side  with  a  darker  brown  hne  ;  hilum  basal  in  the 
notch ;  micropyle  close  to  it,  but 
occupying  the  longer  lobe  of  the 
seed  in  which  the  radicle  lies. 

Endosperm  abundant,  mealy  or 
farinaceous,  white,  lying  in  the 
centre  of  the  seed  and  surrounded, 
except  between  the  cotyledons  and 
radicle,  by  the  embryo. 

Embryo  large,  much  curved  or  ^ig.    6O2.-A,   Abronia  arenaria. 

doubled    upon    itself,   outside    the  Embryo :  ic,  rudimentary  cotyle- 

^                   11              IT-,  don,  X  6.    B,  Ahronia  mnbellata. 

endosperm,    colourless  ;    cotyledons  Embryo,   x  6 :    Ic,  larger  cotyle- 

very  unequal;  the  outer  one  concave  rudimentary  cotyledon; 

or  scoop-shaped,  lying  round  the  ' 

outside  of  the  endosperm  which  it  grasps  in  its  inner  concave  face, 
equal  in  length  to  the  seed  ;  the  inner  reduced  to  a  small  elevation 
at  the  base  of  the  petiole  of  the  large  one  ;  radicle  cylindrical,  lying 
on  the  outside  of  the  endosperm  on  the  opposite  side  of  it  from  the 
cotyledon,  slightly  tapered  to  an  obtuse  tip,  pointing  to  and  close  to 
•the  micropyle,  equaUing  the  length  of  the  seed  and  somewhat  longer 
than  the  large  cotyledon.  The  smaller  cotyledon,  however,  varies 
a  httle  in  size. 

Seedling. 

Primary  root  tapering  downwards,  flexuose,  givmg  off  a  few 
lateral  rootlets,  and  growing  through  the  remains  of  the  fruit  and 
anthocarp. 

EypoGotyl  decumbent,  thickened  towards  base  of  cotyledons, 
glandular-pubescent,  1-2-2-2  cm.  long. 

Cotyledons  very  unequal  in  size  of  lamina  and  length  of  petiole, 
glandular-pubescent,  fleshy  ;  lamina  of  larger  one  obovate  or  oval, 
1-4  cm.  long,  8-75  mm.  wide  ;  petiole  3-4  cm.  long ;  lamina  of 
smaller  one  obovate,  6  mm.  long,  3-75  mm.  wide ;  petiole  2-2-6  cm. 
long. 

Stem  herbaceous,  decumbent  or  spreading  on  the  ground,  densely 
glandular-pubescent,  subsucculent,  thickening  shghtly  beneath  the 
nodes,  pale  green  or  suffused  with  red,  or  flesh-coloured  ;  1st  inter- 
node  3-2  cm.  long  ;  2nd  9  mm. 

Leaves  cauhne,  simple,  entire,  opposite,  unequal,  exstipulate, 
petiolate,  glandular-pubescent  and  deep  green  above,  somewhat  paler 
beneath  and  densely  glandular-pubescent,  viscid,  penninerved  with 
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the  ascending  nerves  prominent  beneath,  or  three-  to  five-nerved 
from  the  base  in  the  lower  half  of  the  leaf ;  petioles  semiterete, 
flattened  or  subconvex  on  the  upper  surface,  gradually  tapering  up- 
wards, channelled  at  the  insertion  of  the  lamma,  densely  glandular- 
pubescent,  viscid,  fleshy. 

First  pair  small,  unequal ;  one  obovate,  the  other  similar  but 
wider. 

Second  pair  unequally  developed  ;  large  one  oval,  obtuse,  with  a 
lamina  2-8  cm.  long,  1-7  cm.  wide,  and  a  petiole  4-8  cm.  long ; 
smaller  leaf  rotund,  concave,  9  mm.  in  diameter  with  a  petiole  3  mm. 
long. 

Ultimate  leaves  opposite,  distichous,  and  all  turned  to  the  upper 
side  of  the  prostrate  stem,  developing  unequally  from  the  bud  and 
always  with  laminae  of  a  different  shape  the  one  from  the  other,  and 
petioles  of  unequal  length  ;  smaller  leaves  rotund,  shghtly  cuneate 
at  the  base,  trinerved  in  the  lower  half  and  arranged  alternately ; 
larger  broadly  ovate,  rounded  at  the  end,  less  frequently  broadly 
oval,  obtuse,  three-  to  five-nerved  in  the  lower  half,  and  also 
alternate. 

Abronia  umbellata,  iam.  (fig.  602,  B). 

Achene  small,  narrowly  obovoid,  slightly  compressed  on  one  side, 
glabrous,  shining,  straw-coloured  with  a  brown  line  running  along 
each  side  for  the  greater  part  of  its  length,  corresponding  to  the  cur- 
vature of  the  ovule ;  anthocarp  five-winged  with  the  wings  broaden- 
ing upwards  and  tapering  cuneately  to  the  base,  glabrous  ;  wings 
nerved  and  subreticulated  transversely. 

Seed  pale-coloured  or  white  ;  testa  thin,  membranous  ;  chalaza, 
hilum  and  micropyle  contiguous,  basal ;  raphe  none. 

Endosperm  rather  copious,  farinaceous,  white,  forming  a  mass 
occupying  the  centre  of  the  seed. 

Embryo  as  in  A.  arenaria. 

Seedling.  ^ 

Primary  root  very  little  or  altogether  unbranched  in  the  early 
stages. 

Hypocotyl  erect  or  curved,  or  decumbent,  terete,  pale  green  or 
pinldsh,  or  reddish,  stout,  shortly  glandular-pubescent,  1-1-8  cm. 
long,  produced  into  a  footlike  process  at  the  base  on  one  side,  which 
probably  assists  in  keeping  down  the  fruit  while  the  germinating 
embryo  makes  its  exit. 

Cotyledons  very  unequal  immediately  and  for  a  considerable  time 

'  Figured  by  Darwin  in  Movement  of  Plants,  p.  95. 
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after  germination,  dull  green,  shortly  glandular-pubescent ;  lamina 
of  larger  one  eight  days  after  germination  oblong,  8-8'5  mm.  long, 
4-5-6  mm.  wide,  and  twenty-eight  days  after  germination  oblong, 
1'4-1"45  cm.  long  and  9  mm.  wide  ;  lamina  of  the  smaller  one  eight 
days  after  germination  obovate,  1'25  mm.  long,  1  mm.  wide,  sessile 
or  subsessile,  and  twenty-eight  days  after  germination  obovate, 
tapering  to  the  base,  l-4-l*8  cm.  long  and'8"75-10  mm.  wide  above 
the  middle  ;  petiole  of  the  larger  one  eight  days  after  germination 
5'25-12-5  mm.  long,  and  twenty-eight  days  after  germination  2-4- 
2"8  cm.  long,  semiterete,  flattened  on  the  upper  side ;  petiole  of  the 
smaller  one  eight  days  after  germination  very  small  or  almost  absent, 
but  twenty-eight  days  after  germination  2-5-3  cm.  long,  terete,  and 
slightly  channelled  at  the  apex  only. 

The  larger  cotyledon  eight  days  after  germination  exhibits  a 
distinct  midrib  and  two  lateral  nerves  near  the  base,  but  twenty- 
. eight  days  after  germination  the  cotyledon  becomes  rather  fleshy, 
and  has  the  midrib  only  discernible  ;  the  smaller  cotyledon  at  first 
exhibits  a  midrib  only,  and  that  very  indistinctly,  but  twenty-eight 
days  after  germination  it  is  obovate,  tapered  to  the  base  and  trinerved, 
about  the  same  size  as  the  originally  large  cotyledon  or  larger,  with 
a  longer  or  shorter  petiole.  In  all  these  characters  it  seems  to 
behave  like  a  true  leaf,  but  maintains  the  position  of  a  cotyledon. 

Fifty-six  days  after  germination  the  originally  large  cotyledon 
measured  as  follows  : — Petiole  2-7  cm.  long,  with  the  lamina 
1-85  cm.  long,  1-1  cm.  wide ;  the  originally  small  one  now  the 
largest,  with  a  lamina  2-3  cm.  long,  1-2  cm.  wide,  and  its  petiole 
4*9  cm.  long,  faintly  trinerved. 

Stem  herbaceous,  annual,  erect  at  first,  ultimately  procumbent ; 
primary  internodes  undeveloped  or  very  Httle  developed  in  the  early 
stage,  but  afterwards  the  first  one  elongates  in  different  individuals 
from  6-18  mm. 

Leaves  radical  and  cauline,  alternate,  or  primary  ones  almost 
opposite,  shortly  and  densely  glandular-pubescent,  alternately  and 
ascendingly  penninerved,  rather  fleshy,  with  the  smaller  nerves 
indistinct  or  altogether  indiscernible  ;  petioles  terete,  taperuig  some- 
what upwards,  densely  and  shortly  glandular-pubescent. 

No.  1.  Oblong,  obtuse,  entire,  suddenly  tapered  into  the  petiole, 
with  about  two  alternate,  indistinct  nerves  on  each  side  of  the  mid- 
rib, best  seen  on  the  under  surface. 

Nos.  2  and  3.  Similar,  but  somewhat  larger  with  three  to  four 
nerves  on  each  side  of  midrib. 

No.  4.  Similar,  with  four  to  five  nerves  on  each  side  of  midrib. 
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ILLECEBRACEiE. 

Benth.  et  Hook.  Gen.  PI.  iii.  12. 

Fruit  and  Seed.— The  ovary  is  superior,  ovoid,  or  globose, 
one-celled,  with  sometimes  a  slender  thread  running  through 
it,  and  contains  one,  rarely  two  amphitropous,  anatropous, 
or  semi-anatropous  ovules,  which  are  erect,  pendulous,  or  in- 
verted and  suspended  from  a  basal  funicle.  The  fruit  is  a 
utricle  enclosed  in  the  perianth,  and  is  rarely  nut-like,  crus- 
taceous,  membranous,  indehiscent,  or  torn  at  the  base,  and  one- 
seeded.  The  seed  is  erect  or  inverted,  ovoid,  clavate,  orbicular 
or  lenticular.  The  testa  is  thinly  membranous,  without  an 
aril,  enclosing  a  mealy  or  fleshy,  copious  or  scanty  endosperm. 
The  embryo  is  sometimes  annular  surrounding  the  endosperm 
and  has  narrow  cotyledons.  The  radicle  is  elongated  and 
incumbent,  superior  or  inferior,  sometimes  dorsal  and  club- 
shaped,  straight  or  shghtly  incurved  and  closely  applied  to 
the  oblong  cotyledons. 

The  fruit  of  Corrigiola  is  a  nut  with  a  crustaceous  pericarp, 
and  is  globose  or  ovoid-trigonous.  The  cotyledons  are  narrow, 
and  the  radicle  is  superior.  In  Achyronychia,  Habrosia,  and 
Poliichia  the  ovary  contains  two  or  four  ovules. 

The  fruit  of  Herniaria  is  one-celled  and  one-seeded.  The 
seed  is  roundly  obovoid  or  almost  globular,  basal,  erect,  and 
anatropous  or  subanatropous.  The  embryo  (fig.  605)  is  peri- 
pheral to  the  endosperm  and  curved  round  one  side  of  the 
seed  and  across  the  top  where  the  cotyledons  form  a  sort 
of  a  hook.  The  cotyledons  are  linear,  semiterete,  about  the 
same  breadth  and  length  as  the  radicle,  and  lie  in  the  narrow 
plane  of  the  seed  with  their  backs  facing  the  hilum.  The 
ovule  of  Scleranthus  annuus  is  also  solitary  but  campylo- 
tropous  and  suspended  from  a  filiform  basal  funicle  with  the 
hilum  and  micropyle  superior.  The  embryo  is  peripheral  lying 
in  the  narrow  way  of  the  seed  which  it  almost  entirely 
surrounds,  with  a  short  superior  radicle  and  linear,  semiterete 
incumbent  cotyledons  facing  the  basal  placenta.  The  cotyle- 
dons are  slightly  broader  than  the  radicle  and  about  twice  as 
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long.  The  seed  and  fruit  are  ovoid  and  conform  to  the 
interior  of  the  urceolate  hardened  perianth-tube  which  is 
surmounted  by  the  four-  to  five-lobed  lamina. 

Seedlings. — As  the  seeds  are  small  the  seedlings  arising 
from  them  are  also  small  and  the  cotyledons  of  simple  types. 
Two  distuict  forms  have  come  under  my  notice,  namely  linear- 
oblong  and  broadly  ovate  cotyledons.  Those 
of  Illecebrum  verticillatum  (fig.  603)  are 
linear-oblong  and  tapered  to  the  base  where 
they  are  slightly  connate.  The  leaves  are 
opposite  and  the  first  three  pairs  linear- 
spathulate  and  tapered  to  the  base  like  the 
cotyledons,  which  they  resemble,  except 
that  they  are  wider  at  the  apical  end.  The 
cotyledons  of  Herniaria  hirsuta  (fig.  606) 
are  twice  or  three  times  as  long,  more 
decidedly  petiolate,  and  show  an  obscure 
midrib,  but  otherwise  conform  to  the  above 
type.  The  persistent  perianth-tube  is  hairy 
externally,  and  serves  by  that  means  to 
retain  itself  in  the  ground,  thus  holding 
down  the  fruit  and  testa  of  the  seed  while 
the  embryo  is  able  to  get  clear.  In  a  few 
cases,  however,  if  these  investments  have 
not  been  fairly  well  covered  with  soil,  they 
are  carried  up  on  the  cotyledons  during 
germination.  The  cotyledons  are  sessile  at  first  and  gradually 
develop  short  petioles  by  subsequent  growth.  When  the  fruit 
and  seed  are  carried  up,  the  cotyledons  make  their  exit  at  first 
by  the  mere  act  of  lengthening,  then  one  gets  perfectly  clear 
by  spreading  out  to  the  Hght,  while  the  other  carries  the 
empty  husks  for  some  time.  A  somewhat  similar  process 
takes  place  in  Scleranthus  annuus  where  the  cotyledons  are 
similar  in  shape  to  those  of  Illecebrum  verticillatum,  but  are 
more  strictly  linear  and  one-nerved.  In  Paronychia  dichotoma 
(fig.  604)  the  cotyledons  are  broadly  ovate.  They  are  distinctly 
petiolate,  without  discernible  venation  and  measure  2-5  mm. 
m  length,  and  2  mm.  in  width.  The  leaves  are  opposite, 
glabrous,  and  the  two  first  pairs  are  oval  or  elHptic  and 


Fig.  603. 

Illecebrum. 
verticillatum,  x  3. 
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taper  into  a  petiole  which  is  shghtly  connate  at  the  base. 
They  therefore  correspond  to  the  cotyledons  in  l)eing  broad] 
just  as  both  sets  of  organs  are  relatively  narrow  in  the  above- 
mentioned  species. 

Illecebrum  verticillatum,  L.  (fig.  603). 

Primary  root  slender,  fibrous, 
annual. 

Hypocotyl  erect,  ultimately  pro- 
cumbent, tapering  downwards,  gla- 
brous, pale  green  or  stained  red, 
3-5  mm.  long. 

Cotyledons  linear-oblong,  obtuse, 
entire,  sessile,  tapering  to  the  base 
and  slightly  connate,  glabrous,  liglit 
green,  2-25-2-75  mm.  long. 

Stem  erect,  soon  becoming  pro- 
strate, annual,  slender,  terete,  leafy, 
glabrous,  pale  green  ;  1st  internode 
2-5-3  mm.  long  ;  2nd  2-5-3-5  mm. 

Leaves  simple,  entire,  cauliae, 
opposite  and  verticillate,  stipulate, 
sessile,  glabrous,  narrowed  to  the 
base,  with  an  indistinct  midiib, 
slightly  connate ;  stipules  small, 
scarious,  more  or  less  united  and 
sheathing  the  stem,  in  the  axils  of 
the  leaves,  but  interpetiolar  in  their 
insertion. 

First,  second  and  third  pairs 
linear-spathulate,  obtuse,  tapering 
much  to  the  base. 

Paronychia  dichotoma,  Xidt. 
(fig.  604). 

Primary  root  very  slender,  long, 
tapering,  with  fibrous  lateral  root- 
lets. 

Hypocotyl  erect,  terete,  gla- 
brous, but  scabrous  or  covered  ^vith 

Fio.m.-Paronychia dichotoma,.  3.  ^^^^^-^^^.^^^   j^j^.^^te    crystalline  ex- 

crescences,  short  and  tapering  indistinguishably  into  the  radicle. 
Cotyledons  broadly  ovate  or  rotund-ovate,  obtuse,  enthe,  gla- 
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brous,  deep  green,  opaque,  without  any  distinguishable  midrib  or 
other  nerves  ;  lamina  2-5  mm.  long,  2  mm.  wide  ;  petiole  flattened 
above  or  slightly  grooved,  scabrous  on  the  midrib  beneath,  1  mm. 
long,  connate  at  the  base. 

Stem  annual,  erect,  terete,  glabrous,  pale  green  ;  1st  internode 
undeveloped  ;  2nd  1-2-5  mm,  long. 

Leaves  simple,  entire,  radical  and  cauline,  oj)posite,  stipulate, 
petiolate,  glabrous,  dark  opaque  green  ;  petiole  flattened  above,  sca- 
brous on  the  midrib  beneath,  subconnate  at  the  base ;  stipules 
interpetiolar,  scarious,  small,  united  in  pairs. 

First  and  second  pairs  oval  or  elliptic,  obtuse. 

Herniaria  hirsuta,  L.  (fig.  605). 

Ovary  one-celled,  one-ovuled ;  ovule  basal,  erect,  anatropous ; 
radicle  inferior. 

Fruit  an  achene,  or  utricle,  somewhat  obovoid,  laterally  com- 
pressed, glabrous,  pale-coloured,  tipped  with  the  short  persistent 
style  and  stigma,  enclosed  in  the  persistent,  comparatively  large, 
hairy  calyx,  one-celled,  one- 
seeded,  indehiscent. 

Seed  erect  on  a  basal 
funicle,  obovate-rotund  or 
ahuost  orbicular,  laterally 
compressed,  very  minute, 
glabrous,  black,  shining ; 
testa  crustaceous,  compara- 
tively thick ;  hilum  close  to 
the  base  and  oblique  ;  raphe 
and  chalaza  inconspicuous  ; 
micropyle  basal  and  con- 
tiguous to  the  hilum. 

Endosperm  farinaceous,  pale,  sub  transparent  white,  confined  to 
a  space  between  the  embryo  and  that  side  of  the  seed  on  which  is 
the  hilum. 

Embryo  comparatively  large,  curved  round  one  side  of  the  seed 
outside  the  endosperm,  and  across  the  upper  end,  colourless  ;  coty- 
ledons linear,  obtuse,  entire,  plano-convex  or  semiterete,  lying  in  the 
narrow  plane  of  the  seed  with  their  backs  to  the  axis  or  the  hilum 
not  broader  than  the  radicle,  curved ;  radicle  terete,  less  curved 
than  the  cotyledons,  and  equal  to  them  or  slightly  shorter,  suddenly 
narrowed  to  an  obtuse  point. 

Germination. — The  soUtary  seed  is  retained  in  the  achene  and 
that  again  in  the  perianth  when  the  whole  falls  to  the  ground  at 


Fig.  605. — Herniaria,  hirsuta,  x  30. 
A,  longitudinal  section  of  seed.    B,  trans- 
verse section  of  seed  :  P,  endosperm  ; 


H,  hilum;  M,  micropyle;  T,  testa; 
cotyledon. 
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maturity.  The  hairy  perianth  serves  to  retain  the  fruit  in  the  ground 
(luring  germination  so  that  the  cotyledons  are  able  in  most  cases  to 
pull  themselves  out,  clear  of  everything.  When  the  seed  has  been 
rubbed  out  of  the  perianth  before  sowing,  the  testa  is  usually 
carried  up.  If  this  happens  the  cotyledons  are  then  left  to  their 
own  resources  in  making  their  exit,  and  by  growth  in  length  are 
able  to  push  themselves  out  and  then  spreading  open  to  receive  the 
light ;  the  testa  is  often  carried  away  on  one  cotyledon.  The  testa 
splits  vertically  a  little  way,  and  although  it  gapes  somewhat  it  con- 
tinues to  hold  on  to  the  tip  of  the  cotyledon  for  some  time. 


Seedling  (fig.  606). 


Fig.  606. 
Herniaria  hirauta,  x  2. 


Primary  root  tapering,  fibrous,  normal. 
Hypocotyl  erect,  terete,  glabrous,  almost 
colourless,  l'2-l-6  cm.  long. 

Cotyledons  at  first  lanceolate-oblong, 
obtuse,  entire,  glabrous,  somewhat  convex 
above  and  curved  or  arched,  light  green, 
sessile  on  germination  and  1*25  mm.  long, 
ultimately  oblong-linear  from  3*5-8  mm. 
long,  1-25  mm.  wide,  and  shortly  petio- 
late. 

Stem  herbaceous,  procumbent,  terete, 
scabrous  or  rough  with  little  points ;  1st 
internode  undeveloped ;  2nd  short,  1-5  mm, 
long. 

Leaves  simple,  enth-e,  radical  and  can- 
line,  opposite,  stipulate,  petiolate,  with  au 
indistuact  midrib  best  seen  on  the  under 
side,  unequally  developed  (one  in  advance 
of  the  other) ;  petioles  plano-convex  or  bi- 
convex, short ;  stipules  small,  toothlike, 
scarious,  minutely  ciliate. 

First  and  second  pairs  spathulate-Unear, 
obtuse,  tapering  to  the  base,  rough  on  the 
midrib  beneath,  or  raised  into  little  tuber- 
cles, more  or  less  hairy. 


AMARANTACEyE 


415 


AMARANTACE/E. 

Benth.  et  Hook.  Gen.  PI.  iii.  20. 

Fruit  and  Seed. — The  ovary  is  superior,  ovoid,  ellipsoid,  or 
globose  and  frequently  compressed,  one-celled  and  mem- 
branous, rarely  coriaceous  or  fleshy.  The  ovule  is  fleshy, 
solitary  except  in  the  tribe  CelosiesB  where  there  are  two  or 
many,  erect  or  j)endulous  from  a  basal  funicle  and  amphi- 
tropous.  The  fruit  is  a  membranous  utricle,  rarely  fleshy,  and 
bursts  irregularly  or  circumscissly.  The  seed  is  erect  or  inverted 
and  suspended  from  a  long  funicle,  lenticular,  oblong  or  reni- 
form- orbicular  and  mostly  compressed  laterally.  An  aril  is 
sometimes  though  rarely  present.  The  testa  is  crustaceous  or 
coriaceous,  frequently  black  or  brown  or  shining.  The  endo- 
sperm is  copious,  farinaceous  and  often  adheres  to  the  inner 
and  membranous  coat  of  the  seed.  The  embryo  is  slender 
and  curved  round  the  periphery  of  the  seed  with  incumbent 
cotyledons  and  an  elongated  superior  or  inferior  radicle.  In 
some  cases  the  cotyledons  are  broad,  thin,  concave,  and  un- 
equal, the  larger  one  folding  over  the  smaller. 

An  exceptional  case  occurs  in  Digera  where  the  fruit  is 
nutlike.  A  good  type  of  the  Order  is  represented  by  Amar- 
antus  hypochondriacus  (fig.  607)  which  has  a  lenticular 
broadly  elliptic  or  suborbieular  seed  with  a  peripheral  circinate 
embryo.  The  cotyledons  are  linear,  plano-convex,  of  the  same 
length  as  the  radicle,  but  slightly  wider,  and  they  lie  across  the 
narrow  plane  of  the  seed. 

Seedlings. — The  cotyledons  vary  between  linear  and  lanceo- 
late, and  are  often  tinged  or  coloured  red,  pink,  or  violet,  a 
peculiarity  which  is  also  characteristic  of  the  leaves  of  many 
species  in  this  Order.  Those  of  Amarantus  hypochondriacus 
(fig.  608)  are  linear-oblong,  subcuspidate,  one-nerved  and  petio- 
late  as  in  other  species. 

The  cotyledons  of  A.  polygamus  are  slightly  broader, 
lanceolate-oblong,  and  obtuse.  The  first  two  leaves  are 
roundly  ovate,  emarginate  at  the  base,  and  followed  by  four 
others  which  are  larger  and  tend  to  be  cordate  at  the  base. 
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Scleropus  amaranthoides  has  linear-oblong  cotyledons  and  a 
liypocotyl  varying  from  1-2-7  cm.  in  length.  The  first  four 
leaves  are  oblong,  cuneate  at  the  base,  emarginate  and  much 
narrower  than  those  of  the  above  species ;  in  the  latter  the 
venation  is  strongly  incurved. 

Amarantus  hypochondriacus,  L.  (fig.  607). 

Ovary  one-ceUed,  one-ovuled;  ovule  basal,  vertical,  campylo- 
tropous  ;  micropyle  inferior. 

Fruit  a  pyxidium,  small,  ovoid,  pale-coloured,  glabrous,  thin- 
walled,  one-celled,  one-seeded,  dry,  dehiscing  transversely  about  the 
middle. 


Pig.  607. — Amara^itus  hypochondriacus,  x  28.  A,  vertical  section  of  seed : 
C,  cotyledon  ;  H,  hilum  ;  B,  radicle ;  P,  endosperm  ;  OT,  testa ;  IT,  tegmen. 
B,  transverse  section  of  seed :  B,  radicle ;  C,  cotyledon. 


Seed  lenticular,  broadly  elliptic  or  more  often  orbicular  in  out- 
line with  a  minute  notch  at  the  base,  biconvex,  deep  brown  or  black 
and  shining  when  mature,  glabrous ;  testa  crustaceous,  brittle ; 
tegmen  very  thin,  membranous,  white ;  hilum  and  micropyle  con- 
tiguous, basal ;  raphe  none. 

Endosperm  white,  farinaceous,  forming  a  very  thin  layer  at  the 
periphery  of  the  seed,  and  surrounding  the  embryo,  but  forming  a 
much  larger  mass  within  the  curved  embryo. 

Embryo  comparatively  long,  narrow  and  slender,  much  curved 
round  and  just  within  the  extreme  circumference  or  periphery  of  the 
endosperm,  colourless  ;  cotyledons  incumbent,  linear,  obtuse,  slender, 
plano-convex,  lying  in  the  narrow  plane  of  the  seed  with  their  backs 
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to  the  placenta,  about  equal  to  the  radicle  in  length ;  radicle  fili- 
form or  terete,  curved  round  the  periphery  of  the  seed  till  it  almost 
meets  the  tips  of  the  cotyledons  at  the  base  of  the  seed  and  close 
to  the  hilum. 

Seedling-  (fig.  608). 

Badiclc  long,  tapering  downwards,  slightly  flexuose,  with  fibrous 
lateral  rootlets,  pink  or  flesh-coloured,  annual. 

Hypocotyl  erect,  terete,  glabrous,  deep  red,  7-12  or  14  mm.  long. 

Cotyledons  linear-oblong,  obtuse,  entire,  subcuspidate,  glabrous, 
one-nerved,  petiolate,  green  and  more  or  less  suffused  with  red  or 
pink,  especially  along  the 
midrib ;  lamina  tapering  into 
the  petiole,  6'6-10  mm.  long, 
2-5-3  mm.  wide  ;  petiole  flat 
or  slightly  grooved  above, 
convex  beneath  ;  2-3-5  mm. 
long. 

Stem  herbaceous,  annual, 
erect,  terete,  or  more  or  less 
angled,  or  ridged  and  fur- 
rowed, slightly  hairy,  red  ; 
1st  internode  3-5-8-5  mm. 
long ;  2nd  2-6-7  mm. 

Leaves  simple,  entire, 
cauhne,  alternate,  exstipu- 
late,  petiolate,  shghtly  hairy 
and  glandular  on  both  sur- 
faces when  young,  after- 


FiG.  608— Amarantus  hypochondriacus. 
Nat.  size. 


wards  glabrescent,  alternately  penninerved  with  the  nerves  incurved 
towards  their  apex  and  uniting  with  one  another  by  slender  branches 
only  ;  petioles  semiterete,  channelled  above,  and  with  the  edc^es  of 
the  lamma  decurrent  and  forming  a  very  slender  wing  on  the 
upper  half,  shghtly  hairy  when  young,  especially  on  the  upper 
edges,  decurrent  on  the  stem  and  forming  ridges. 

Nos.  1  and  2.  Oval  or  elhptic,  obtuse,  entire  or  emarginate 
:  green,  or  more  or  less  stained  with  red. 

Nos.  3-6.  Oval,  emarginate,  with  a  bristle-like  mucro  in  the 
notch,  gradually  larger,  undulate  at  the  margin  when  youno-  ^rpen 
or  more  or  less  stained  with  red.  b^een 

Amarantas  polygamus,  L. 

i^ZZT  ^'"^ 
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Hypocotyl  as  in  last  species,  deep  violet  red,  1-4  cm.  long. 

Cotyledons  violet-red,  greenish  above,  glabrous ;  lanceolate- 
oblong,  obtuse,  1  cm.  long,  4  mm.  wide  ;  petiole  channelled  above, 
8-5  mm.  long. 

Stem  herbaceous,  annual,  erect,  angled,  deep  violet-red,  pub- 
escent ;  1st  and  2nd  mternodes  1  mm.  long ;  3rd  3  mm. ;  then 
numerous  crowded  internodes  follow. 

Leaves  glabrous,  thickened  and  slightly  scabrous  at  the  margin, 
subphcate,  deep  violet-red  suffused  with  green  above  ;  petioles  deeply 
channelled  above,  striate  on  the  back,  with  raised  or  shghtly  winged 
margins  along&ide  the  channels,  somewhat  curved  on  the  lower 
side  at  their  insertion  on  the  stem,  shghtly  pubescent. 

Nos.  1  and  2.  Eotund-ovate,  very  obtuse,  emarginate,  subcuneate 
at  the  base. 

Nos.  3-6.  Eotund-ovate,  very  obtuse,  emarginate,  subcordate  at 
the  base. 

Ultimate  leaves  ovate,  retuse,  apiculate,  subdecurrent  on  the 
petiole  at  the  base,  glabrous,  crisped  at  the  margin,  greenish -purple 
with  crimson  petiole,  and  nerves  beneath. 

Scleropus  amaranthoides,  Schrad. 

Hypocotyl  erect,  terete,  glabrous,  1-2-5  cm.  long,  stained  with  red. 
Cotyledons  hnear-oblong,  obtuse,  entire,  petiolate,  membranous, 
glabrous,  green,  often  tinged  ^-ith  red  beneath,  distmctly  one- 

""^^itm  erect,  terete,  angled,  herbaceous,  glabrous  ;  1st  internode 
4-6  cm.  long  ;  2nd  and  3rd  shorter. 

First  leaves  simple,  cauhne,  alternate,  petiolate,  exstipulate 
oblong,  entire  or  shghtly  emarginate,  glabrous,  pale  green  tmged  :t 
with  red  beneath,  distinctly  alternately  pinnatmerved. 


CHENOPODIACE.E. 

Benth.  et  Hook.  Geii.  PI.  iii.  43, 


Fma  and  Seed.-Ihe  ovary  is  superior,  quite  free  or  im- 
mersed in  the  receptacle  at  the  base  only,  but  mcluded  m  the 
perianth  ^vhen  that  is  present,  ovoid,  or  globose  <^^^f 
rarely  oblong  or  flask-shaped  and  one-celled.    I    s  SJ^"'^^ 
pons  and  made  up  of  two  to  three  carpels    The  ou.ie  ■ 
solitary,  basal  and  erect,  or  suspended  from  a  long  funicle,  and 
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ampliitvopous.  The  fruit  is  a  utricle,  membranous,  coriaceous, 
or  fleshy,  generally  included  in  the  perianth  and  falling  with  it, 
indehiscent,  rarely  circumscissile,  free  or  adhering  to  the  testa. 
The  seed  is  erect,  inverted  or  horizontal,  lenticular,  subgio- 
bose,  reniform  or  ovoid-compressed.  The  testa  is  crustaceous, 
leathery,  fleshy  or  membranous,  sometimes  adhering  to  the 
endosperm,  and  consisting  of  a  single  or  double  layer.  The 
endosperm  is  farinaceous,  fleshy  or  wanting.  The  peripheral 
embryo  is  annular  or  horseshoe-shaped  and  surrounds  the 
endosperm  ;  it  is  rod-like  and  dorsal  m  the  tribe  Salicorniere, 
or  conduplicate  and  in  the  absence  of  endosperm  occupies  the 
whole  seed.  Endosperm  is  wanting  in  the  tribe  Salsolese  and 
others  when  the  embryo  is  flat  or  coiled  like  a  shell.  The 
cotyledons  are,  however,  mostly  narrow,  plano-convex,  or  flat 
in  a  few,  and  slightly  wider  than  the  elongated  radicle. 

The  seeds  of  Chenopodium  Bonus-Henricus  (fig.  609)  are 
reniform,  small  and  black  with  a  crustaceous  testa.  The 
embryo  entirely  surrounds  the  periphery  of  the  endosperm 
except  a  small  portion  at  the  hilum.  The  cotyledons  are  linear, 
plano-convex,  lying  in  the  narrow  plane  of  the  laterally  com- 
pressed seed,  incumbent,  of  the  same  length  as  the  radicle,  but 
slightly  wider.  The  seed  of  Beta  trigyna  is  globoso-reniform,. 
grooved  along  one  side,  laterally  compressed  and  often  angular. 
It  is  suspended  from  near  the  apex  of  the  utricle,  and  the 
superior  radicle  is  shorter  and  thmner  than  the  width  of  the 
cotyledons.  The  basal  auricles  of  the  seed  are  obHque  or  unequal.. 

The  seeds  of  Atriplex  hortensis  are  of  two  sizes,  the  small 
ones  being  black  and  similar  to  those  of  Chenopodium  Bonus- 
Henricus,  while  the  larger  ones  are  brown  and  more  orbicular. 
The  large  brown  ones  germinate  much  more  quickly  than  the 
small  black  ones,  which  would  seem,  under  natural  conditions, 
to  be  more  adapted  to  remain  in  a  resting  condition  in  the 
ground  during  the  winter,  and  germinate  in  spring.  If  such 
is  the  case  they  would  enable  the  plant  to  exist  in  a  colder 
climate  than  the  large  ones  would.  Of  a  sowing  made  on 
October  29,  one  black  seed  germinated  in  four  days,  and 
three  days  later  no  more  had  come  up,  whereas  thirty-two  of 
the  large  brown  seeds  germinated  in  the  seven  days.  On 
November  16,  a  sowing  was  made  of  thirty-five  each  of  the  black 


E  K  2 


420 


ON  SEEDLINGS 


and  bromi  seeds.  In  the  course  of  six  days,  five  of  the  brown 
seeds  germmated,  and  only  one  black  seed  in  the  course  of 
thirteen  days,  whereas  by  that  time  twenty-three  of  the  brown 
seeds  had  germinated.  Twenty-three  days  after  being  sown, 
ten  of  the  black  seeds  had  germinated,  and  twenty-six  of  the 
large  brown  ones.  The  seed  of  Chenopodium  petiolare  is 
small  and  orbicular  and  laterally  compressed,  but  in  other 
respects  resembles  that  of  C.  Bonus-Henricus. 

Seedlings.— The  cotyledons  commg  under  my  notice  are 
all  of  simple  types,  notwithstanding  the  difference  in  the 
seeds.  Two  of  the  types  cannot  be  separated  by  hard  and 
fast  lines,  as  they  gradually  merge  the  one  into  the  other. 
One  of  the  simplest  and  widely  prevailmg  forms  is  repre- 
sented by  Chenopodium  Bonus-Henricus  (fig.  610)  which  has 
linear-lanceolate  cotyledons  tapered  gi-adually  into  petioles 
which  are  shghtly  connate  at  the  base.  The  first  two  leaves 
are  ovate,  the  third  roundly  cordate.  The  cotyledons  of  C. 
Quinoa  are  shorter  and  broader  and,  like  the  above,  one-nerved. 
The  first  three  leaves  are  oblong  and  mealy.  The  cotyledons 
of  Blitum  virgatum  minus  are  small,  hnear  and  petiolate.  A 
rather  interesting  evolution  is  shown  by  the  leaves.  The  first 
is  linear,  the  second  spathulate,  the  thh'd  oblong,  the  fourth 
and  fifth  lanceolate-hastate,  the  sixth  and  seventh  hastate,  and 
the  eighth  to  the  twelfth  inclusive  cuneate,  trifid,  and  tri- 
nerved.  These  characters  vary,  however,  in  different  seedhngs 
according  to  the  vigour  of  the  same.  The  cotyledons  of 
Atriplex  hortensis  are  similar  to  those  of  Bhtum  virgatum 
minus.  The  leaves  are  opposite,  the  two  first  pau's  being 
oblong-ovate,  followed  by  three  other  pairs  which  are  tri- 
angular and  variously  toothed,  angled,  or  hastate. 

A  relatively  broader  type  is  represented  by  Chenopodium 
ficifolium  which  has  oblong-lanceolate,  petiolate,  one-nerved 
cotyledons.  The  two  first  leaves  are  opposite  and  oblong, 
followed  by  five  which  are  alternate  and  lanceolate.  The 
eighth  to  the  thirteenth  are  more  or  less  hastate,  and  m 
robust  seedlings  most  of  the  primary  ones  show  a  tendency  to 
be  hastate.  The  cotyledons  of  Chenopodium  viride  are  oblong, 
obtuse  and  mealy.  The  first  pair  of  leaves  are  similar  but 
broader.    The  cotyledons  of  Blitum  virgatum  (fig.  611)  are 
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lanceolate  with  long  petioles.  The  first  pair  of  leaves  are 
lanceolate  and  subhastate. 

Beta  vulgaris  has  linear-oblong  or  spathulate  cotyledons, 
and  the  first  pair  of  leaves  are  broadly  oval.  Atriplex 
oblongifolia  has  elliptic-oblong,  obtuse  cotyledons,  and  the 
first  pair  of  leaves  are  sagittate. 

A  number  of  seedlings  are  notable  for  the  great  length  of 
their  linear  cotyledons.  An  instance  of  this  is  Spinacia 
oleracea.  The  first  pair  of  leaves  are  broadly  oval.  The 
cotyledons  of  S.  glabra  (fig.  612)  are  much  longer,  more 
truly  linear,  and  measure  from  3  to  8  cm.  in  length.  Those 
of  Threlkeldia  rostrata  (fig.  613)  are  linear,  fleshy,  glandular- 
pubescent  and  recurved.  The  first  thirty  leaves  at  least  are 
linear,  fleshy  and  narrower  than  the  cotyledons.  The  latter 
in  Salsola  Tragus  are  linear,  semiterete,  fleshy  and  2-6- 
3"5  cm.  long.    The  leaves  are  all  terete  and  fleshy. 

The  most  remarkable  type  I  have  noticed  is  that  of 
Basella  alba  (fig.  614).  The  genus  according  to  some  authors 
constitutes  the  type  of  a  distinct  Order.  The  cotyledons  are 
oblong,  obtusely  pointed,  almost  sessile,  and  fleshy  with  a  few 
indistinct  nerves  on  each  side  of  the  midrib,  5 "9  cm.  long 
and  2-2  cm.  wide.  The  first  two  leaves  are  opposite  or  nearly 
so,  broadly  oval  and  obliquely  emarginate. 

Chenopodium  petiolare,  H.  B.  E. 

Ovule  campylotropous. 

Seed  small,  from  '25-5  mm.  long,  orbicular  and  somewhat 
laterally  compressed  ;  testa  smooth  ;  hilum  inconspicuous. 

Endosperm  rather  copious,  central,  surrounded  by  the  periphe- 
rical  embryo,  greyish. 

Embryo  as  in  C.  Bonus-Henricus. 

Chenopodium  Bonus-Henricus,  L.  (fig.  609). 

Ovule  vertical  or  rather  horizontal,  amphitropous ;  micropyle 
inferior. 

Fruit  a  utricle,  one-celled,  one-seeded,  indehiscent,  small. 

Seed  reniform,  subcompressed  laterally,  smooth,  shining,  black  ; 
testa  crustaceous  ;  hilum  basal. 

Endosperm  floury,  white,  forming  a  mass  on  the  basal  side  and 
centre  of  the  seed,  and  a  thin  film  round  the  periphery  and  between 
the  embryo  and  the  outer  ridge  of  the  seed. 
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Embryo  curved  and  following  tlie  vertical  ridge  of  the  seed,  and 
equal  in  lengtli  to  this  circumference ;  cotyledons  linear,  obtuse, 


EiG.  609.— Oheyiopodium  Bonus-Henricus,  x  8.  A,  seed.  B,  vertical 
section  of  seed.  C,  transverse  section  of  seed :  H,  liilum ;  B,  radicle ; 
G,  cotyledon ;  P,  P,  endosperm. 

plano-convex,  lying  in  narrow  plane  of  the  seed  ;  radicle  cylindrical, 
obtuse,  about  equal  in  length  to  the  cotyledons,  with  its  tip  close  to 
the  hilum  as  are  the  tips  of  the  cotyledons. 

Seedling  (fig.  610). 

Primary  root  tapering  downwards,  and  giving  off  fibrous  lateral 

rootlets. 

Hypocotyl  erect,  terete, 
glabrous,  red,  1-2  cm.  long. 

Cotyledons  linear-lanceo- 
late, obtuse,  enth-e,  tapered 
gradually  into  a  long  petiole, 
which  is  connate  with  its 
fellow  at  the  base,  forming  a 
little  cupule  from  which  the 
plumule  emerges,  glabrous, 
green,  traversed  longitudin- 
ally by  a  distinct  midrib, 
about  3  cm.  long  including 
the  petiole ;  petiole  flattened 
above  or  slightly  grooved, 
convex  on  the  back. 

Stem  herbaceous,  de- 
veloped when  about  to  flower; 
primary  internodes  unde- 
veloped. 

Leaves  simple,  radical  and 
cauline,  alternate,  exstipulate, 
petiolate,  glabrous,  more  or  less  farinose,  especially  on  the  under 
side,  the  petioles  and  the  young  leaves,  alternately  and  ascendmglr 


Fig.  (SlO.—Cheitopodiuni  Bonus-Henricus. 
Nat.  size. 
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penniuervecl,  obscurely  reticulate  ;  petioles  semiterete,  rather  deeply 
and  narrowly  channelled  above,  dilated  and  clasping  at  the  base, 
tapering  upwards. 

Nos.  1  and  2.  Ovate,  obtuse,  entire,  cuneate  at  the  base  wiui 
lateral  ascending  nerves,  incurved  at  their  apices  and  uniting  within 

the  margin.  ^  .  i 

No.  3.  Roundly  cordate,  obtuse  or  cuspidate,  with  rounded  ob- 
tuse auricles  at  the  base. 

Chenopodium  Quinoa,  Willcl. 

Hyfocotyl  about  4  cm.  long,  light  green  or  colourless,  with  a 
reddish  tuige  near  the  ground. 

Cotyledons  linear,  obtuse,  entire,  1-1-6  cm.  long,  tapering  to  the 
base  but  scarcely  petiolate,  thick,  fleshy,  glabrous,  dark  green,  one- 
nerved. 

Stem  herbaceous,  erect,  terete,  Hght  green,  glabrous  or  slightly 
mealy  towards  the  leaves;  1st  internode  9-10  mm.  long;  2nd 
considerably  shorter. 

First  leaves  entire,  cauline,  opposite,  decussate,  shortly  petiolate, 
oblong,  obtuse,  mealy,  hght  green  ;  midrib  with  numerous  lateral 
veinlets. 

Chenopodium  fieifolium,  Sm. 

Primary  root  as  in  C.  Bonus-Henricus. 

Eypocotyl  becommg  stouter  upwards,  glabrous,  shining,  brownish 
red,  1-5  cm.  long. 

Cotyledons  caducous,  oblong-lanceolate,  obtuse,  fleshy,  petiolate, 
6  mm.  long  including  petiole. 

Stem  erect,  terete,  succulent,  herbaceous,  glabrous  and  shining 
towards  the  base,  striped  with  red  lines  on  a  pale  green  ground, 
farinaceous  upwards  ;  1st  internode  5-5  mm.  long ;  2iid  6-5  mm. ; 
3rd  3  mm. ;  4th  2-5  mm. ;  5th  3  mm. ;  6th  2  mm.  ;  7th  2  mm. 

Leaves  cauline,  alternate  (first  two  opposite),  petiolate,  densely 
farinose  when  young,  glabrescent  above  at  an  early  period,  and  later 
on  the  under  sides,  bright  green  above  when  developed,  paler  be- 
neath, subsucculent  or  fleshy  ;  petioles  subterete,  sHghtly  channelled 
above,  farinose,  glabrescent. 

Nos.  1  and  2.  Opposite,  oblong,  obtuse,  entire. 

No.  3.  Lanceolate-oblong,  obtuse,  slightly  bidentate  at  the  base. 

No.  4.  Lanceolate,  obtuse,  with  one  tooth  near  the  base. 

No.  5.  Similar,  but  larger. 

No.  fi.  Lanceolate,  obtuse,  subhastate,  cuneate  at  the  base. 
No.  7.  Similar,  but  larger. 
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No.  8.  Oblong,  obtuse,  subhastate,  cuneate  at  the  base  and  dis- 
tantly serrate  above  the  basal  lobes. 

No.  9.  Hastate,  obtuse,  cuneate  and  trinerved  at  the  base. 
Nos.  10-13.  Similar,  or  slightly  more  serrate. 

Chenopodium  viride,  L. 

Hypocotyl  thin,  2-5-3  cm.  long,  tinged  with  a  deep  red. 

Cotyledons  oblong,  obtuse,  fleshy,  petiolate,  entke,  mealy,  dark 
green  tinged  with  red  or  purple  beneath,  indistinctly  one-nerved. 

Stem  hght  green,  mealy  ;  primary  internodes  very  short. 

First  leaves  entire,  cauhne,  opposite,  decussate,  oblong-oval,  ob- 
tuse, with  short  petioles,  mealy,  hght  green  above,  tinged  with  red 
beneath,  pinnatinerved. 

Beta  trigyna,  W.  et  Kit. 

Ovide  pendulous  from  a  basal  funicle,  campylotropous  ;  micro- 
pyle  superior,  or  pointing  a  little  to  one  side. 

Fruit  a  utricle,  agglomerated  in  masses  owing  to  the  flowers 
being  sessile,  enclosed  in  and  even  adnate  to  the  hardened  and 
persistent  perianth,  surrounded  by  its  five  free  persistent  segments 
of  the  perianth  and  the  cup-like  base  of  the  connate  stamens,  the 
filaments  of  which  are  free  upwards,  persistent,  and  folded  over  the 
apex  of  the  utricle  which  is  one-celled,  one-seeded  and  indehiscent. 

Seed  subglobose,  or  somewhat  angled  or  compressed,  conforming 
to  the  interior  of  the  utricle,  notched  at  the  base  or  subreniform 
and  suspended  from  a  basal  funicle,  glabrous,  shining,  black  ;  teg- 
men  rather  thinner  and  paler  coloured  than  the  thin  and  subcrus- 
taceous  testa  ;  hilum,  micropyle,  and  chalaza  contiguous,  basal  and 
superior ;  raphe  none. 

Endosperm  forming  a  mass  lying  in  the  middle  of  the  seed, 
between  the  radicle  and  cotyledons,  and  also  a  thin  layer  between 
the  embryo  and  the  testa,  farinaceous  and  loose  when  dry,  white. 

Embryo  peripheral,  comparatively  large,  much  curved,  colour- 
less ;  cotyledons  oblong-linear,  obtuse,  entire,  plano-convex,  lying 
in  the  narrow  way  of  the  seed  with  their  edges  to  the  floral  axis, 
longer  than  the  radicle,  and  very  little  broader  than  its  thickness, 
much  curved,  sometimes  twisted  ;  radicle  thick,  curved,  tapered  to 
an  obtuse  point,  embedded  in  a  very  thin  layer  of  endosperm  and 
close  to  the  micropyle. 

Beta  vulgaris,  Moq. 

Primary  root  tapering  downwards,  with  a  few  fibrous  lateral 
rootlets,  red. 
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Eypocotyl  scarcely  appearing  above  ground. 

Cotyledons  subfleshy,  unequal,  linear-oblong,  cuneate  at  the  base, 
shortly  petiolate,  obtuse,  entire,  glabrous,  green,  one-nerved  ;  petioles 
red,  furrowed  on  the  upper  face. 

Stem  with  primary  internodes  undeveloped. 

First  leaves  simple,  entire,  radical,  alternate,  broadly  oblong  or 
oval,  petiolate,  obtuse,  glabrous,  green,  pinnatinerved ;  petioles  short, 
reddish,  furrowed  on  the  upper  face. 

Blitum  virgatum,  L.  (fig.  Gil). 

Primary  root  nearly  vertical,  small,  brownish,  with  a  few  fibres. 

Hypocotyl  herbaceous,  terete,  glabrous,  purplish-red,  1-2  cm. 
long,  1  mm.  thick. 

Cotyledons  petiolate,  nearly 
equal;  blade  about  1  cm.  long, 
3  or  4  mm.  wide,  obtuse,  lan- 
ceolate, entire,  obscurely  nerved, 
thin  but  fleshy,  glabrous,  green 
above,  pale  beneath ;  petiole  as 
long  as  blade,  1  mm.  wide. 

Stem  very  short  until  about 
to  flower. 

Leaves  simple,  radical  and 
cauline,  alternate,  exstipulate, 
.  petiolate,  subfleshy,  obscurely 
or  distinctly  alternately  penni- 
nerved,  more  or  less  glandular- 
hairy  (at  least  in  the  young  stage) . 

Nos.  1  and  2.  With  shallow- 
channelled,  glabrous,  reddish 
petiole,  1*5  cm.  long,  1-1-5  mm. 
wide,  and  an  obtuse,  lanceolate, 

obscurely  basilobed    blade,    1-5    Fm.  en.— Blitum  virgatum.  Nat.  size. 

cm.  long  and  nearly  1  cm.  wide, 

produced  at  the  base,  obscurely  pennuierved,  glabrous,  thin  but 
fleshy,  dull  green  above,  purplish-red  beneath,  thinly  glandular-hairy. 

Nos.  3  and  4.  Subhastate,  sinuate-dentate,  glandular-hairy  on 
blade  and  petiole. 

Atriplex  hortensis,  L. 

This  plant  has  two  forms  of  seed. 

1st.  Subrotund,  flattened  laterally,  2-5-4  mm.  in  diameter 
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(usually  about  3  mm.),  flat  or  concave  on  the  sides ;  testa  thin, 
membranous,  light  brown  or  straw-coloured,  smooth,  not  shining. 

2nd.  Subrotund,  slightly  flattened  laterally,  l*5-2*5  mm.  in 
diameter,  biconvex;  testa  rather  thick,  crustaceous,  bright  black, 
smooth  and  shining. 

Both  kinds  of  seed  are  usually  enclosed  in  the  membranous,  thin, 
indehiscent  utricle. 

In  some  sowings  which  I  made,  the  brown  seeds  came  up  more 
quickly  than  the  black,  as  if  the  black  were  intended  to  remain  for 
awhUe  dormant.    The  subject,  however,  requires  further  study. 

Seedling. 

Primary  root  tapering  downwards,  flexuose,  yellowish,  with 
short  lateral  rootlets,  annual. 

Hypocotyl  erect,  terete,  glabrous,  short  and  merging  indis- 
tinguishably  into  the  root. 

Cotyledons  petiolate,  falHng  away  early,  Knear,  obtuse,  about 
1  cm.  long  including  the  petiole. 

Stem  erect,  terete,  herbaceous,  annual,  pale  green,  glabrous, 
shining,  farinaceous  in  the  upper  and  younger  part ;  1st  internode 
1-6  mm.  long  ;  2nd  3  mm. ;  3rd  9  mm  ;  4th  10-5  mm. 

Leaves  simple,  cauhne,  opposite,  or  the  upper  ones  alternate, 
petiolate,  mealy  when  young,  smooth  and  glabrous  when  mature, 
pale  green,  or  in  the  garden  variety  rubra  of  a  deep  reddish- 
purple  especially  in  the  young  state,  trinerved  at  the  base  with  a 
branch  from  the  lateral  nerves  into  the  basal  lobes  ;  petioles  sub- 
terete,  shghtly  flattened  on  the  upper  side  and  narrowly  channelled, 
glabrous. 

First  pair  oblong-ovate,  obtuse,  truncate,  and  sometimes  with  a 
minute  lateral  tooth  on  each  side  at  the  base,  very  faintly  trinerved. 
Second  pair  similar,  but  larger. 

Third  pair  in  robust  specimens  triangular,  obtuse,  minutely  and 
obsoletely  dentate  or  entire,  truncate  at  the  base. 

Fourth  pair  triangular,  subacute,  minutely  denticulate,  hastate, 
truncate  at  the  base.- 

Fifth  pair  triangular,  subacute,  sagittate-hastate,  more  deeply 
dentate  on  the  lower  half. 

Ultimate  leaves  large,  triangular,  sagittate-hastate,  subcuspidate, 
irregularly  repand,  serrate-dentate  except  towards  the  point,  trinerved 
with  a  strong  branch  from  the  lateral  nerves  entermg  the  basal 
lobes. 

Uppermost  leaves  near  the  inflorescence  again  beeoming  smaller 
and  less  decidedly  cut. 
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Atriplex  oblongifolia ,  W.  et  Kit. 
Hypocotyl  3-6-5  cm.  long, 

Cotyledons  elliptic -oblong,  entire,  obtuse,  shortly  petiolate, 
glabrous,  dark  green,  one-nerved. 

Stem  erect,  terete,  herbaceous,  mealy ;  first  internode  2-3  mm. 
long. 

First  leaves  opposite,  decussate,  sagittate,  pinnatifid. 
Spinacia  glabra,  Mill.  (fig.  612). 

Hypocotyl  erect,  terete,  glabrous,  1-5-2.-5  mm.  long,  colourless  or 
tinged  with  red. 


Fig.  612. — Spinacia  glabra.    Nat.  size. 


Cotyledons  linear,  acute,  fleshy,  3-8  cm.  long,  entire,  glabrous, 
bright  green,  one-nerved,  tapering  to  the  base. 

Stem  erect,  herbaceous  ;  primary  internodes  very  slightly  de- 
veloped. 

First  leaves  oval  or  ovate,  obtuse,  entire,  simple,  cauline,  opposite, 
petiolate,  very  slightly  mealy  above,  glabrous  beneath,  green,  pin- 
natinerved. 
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Spinacia  oleracea,  Mill. 

Tlypocotyl  thickened  upwards,  6-8  mm.  long. 

Cotyledons  subfleshy,  unequal,  linear,  subacute,  entire,  sessile, 
tapering  to  the  base,  glabrous,  light  green,  distinctly  one-nerved. 

Stem  with  primary  internodes  undeveloped. 

First  leaves  radical,  opposite,  afterwards  alternate,  broadly 
ovate-oblong  or  oval,  obtuse,  shortly  petiolate,  glabrous,  light 
green,  pinnatinerved ;  petioles  flattened,  channelled  on  the  upper 
side,  glabrous. 

Threlkeldia  rostrata,  ?  F.  Miiell  (fig.  613). 

Hypocotyl  erect,  terete,  pale  green,  minutely  glandular-pubes- 
cent, about  1"6  cm.  above  the  soil. 

Cotyledons  linear,  obtuse, 
fleshy,  pale  green,  sessile,  minutely 
glandular-pubescent,  or  slightly 
hairy  on  the  midrib  beneath, 
narrowed  to  the  base  and  sub- 
connate,  3  cm.  long,  3*5  mm. 
wide. 

Stem  primarily  erect,  terete, 
pale  green,  minutely  glandular- 
pubescent,  ultimately  subshrubby ; 
1st  internode  4*5  mm.  long  ;  2nd 
•5  mm. ;  3rd  4  mm. ;  others  simi- 
lar. 

Leaves  simple,  entu-e,  caulme, 
alternate,  sessile,  minutely  and 
thinly  glandular-pubescent,  except 
in  the  young  state  when  the  glan- 
dular hairs  are  more  numerous, 
fleshy,  pale  green,  slightly  chan- 
nelled, linear,  obtuse,  all  similar 
in  the  seedhng,  narrower  than  the 
cotyledons. 


Fig.  613.- 


-Threlkeldia  rostrata. 
Nat.  size. 


Nos.  1-30.  Linear,  obtuse,  fleshy,  narrow. 
Salsola  Tragus,  L. 

Hypocotyl  slender,  or  wiry,  erect,  terete,  glabrous,  red,  2- 
4*5  cm.  above  the  soil. 

Cotyledons  linear,  obtuse,  sessile,  fleshy,  semiterete,  flattened 
above,  sheathing  the  plumule,  that  is  connate  at  the  base,  frequently 
both  directed  to  one  side,  glabrous,  2-6-3-5  cm.  long. 
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Stevi  herbaceous,  erect,  terete,  finely  ridged  and  furrowed, 
striated  with  red  and  green,  scabrous  or  coarsely  pubescent  especi- 
ally on  the  ridges. 

Leaves  simple,  entire,  cauline,  terete,  tipped  with  a  bristle, 
fleshy,  channelled  on  the  upper  side  at  the  base  only,  which  re- 
sembles a  clasping  petiole,  and  slightly  pubescent,  otherwise  the 
leaf  is  glabrous. 

First,  second,  and  sometimes  more  of  the  lower  pairs  opposite, 
while  the  upper  ones  are  alternate. 

Basella  alba,  L.  (fig.  614). 

Hypocotyl  erect,  terete,  succulent,  glabrous,  pale  green,  purplish 
at  the  base,  2-3  cm.  above  the  soil,  5  mm.  thick. 

Ste7n  erect,  succulent,  glabrous, 
pale  green ;  1st  internode  1  cm. 
long. 

Cotyledons  large,  oblong,  obtusely 
pointed,  fohaceous,  glabrous,  succu- 
lent, pale  green,  obscurely  and  alter- 
nately penninerved,  shortly  petiolate, 
5'9  cm.  long  including  the  petiole, 
2"2  cm.  wide. 

Leaves  simple,  cauline,  alternate, 
petiolate,  succulent,  glabrous,  subre- 
ticulate,  or  rather  obscurely  reticu- 
late, tapering  into  the  short  fleshy 
petiole  which  is  slightly  channelled 
above,  and  articulated  with  the  stem. 

Nos.  1  and  2.  Opposite,  oval,  retuse,  somewhat  obliquely  emar- 
ginate. 

No.  3.  Alternate,  otherwise  hke  the  first  two. 


Fig.  614. — Basella  alba. 
Half  nat.  size. 


PHYTOLACCACEJ]:. 

Benth.  et  Hook.  Gen.  PL  iii.  78. 

Fruit  and  Seed. — The  ovary  is  superior  and  consists  of  one 
or  several  distinct  or  connate  carpels,  inserted  on  a  flat  or  very 
rarely  elevated  receptacle.  The  ovules  are  solitary  in  each 
carpel,  attached  by  a  short  funicle  to  the  base  of  the  cavity, 
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more  rarely  to  the  inner  angle  of  the  cell,  and  amphitropous 
or  campylotropous.  There  is  frequently  a  spongy  arillode  at 
the  micropyle.  The  fruit  is  monocarpellary  and  crustaceous, 
coriaceous,  baccate  or  samaroid,  or  it  is  polycarpellary,  with 
one-celled,  one-seeded,  free  or  connate  carpels.  The  seed  is 
erect,  very  rarely  ascending,  and  globose,  reniform  or  lenticular 
and  compressed.  The  testa  is  membranous  or  crustaceous, 
and  smooth,  rugose  or  downy.  A  small  bilobed  aril  is  fre- 
quently present ;  but  in  Stcgnosperma  it  is  large  and  covers 
the  seed.  The  embryo  is  relatively  large,  peripherical,  and 
surrounds  the  farinaceous  or  fleshy  endosperm.  In  elongated 
seeds  it  is  hooked  or  abruptly  deflexed  at  the  apex.  The  coty- 
ledons are  incumbent,  foliaceous,  and  plicate-convolute,  or 
linear,  narrow  and  semiterete  or  plano-convex.  The  radicle  is 
elongated  and  close  to  the  hilum. 

Some  exceptional  cases  occur  in  the  Order.  The  ovary  is 
half  inferior  in  Agdestis  ;  and  in  Stegnosperma  it  is  one-celled 
and  many-ovuled,  while  the  fruit  is  three-valved  and  three-  to 
five-seeded.    The  large  aril  of  Stegnosperma  is  also  notable. 

At  least  three  distinct  types  of  seeds  have  come  under 
my  observation.  The  simplest,  represented  by  Phytolacca 
pruinosa,  is  exactly  similar  to  what  occurs  in  lUecebraceae 
and  Chenopodiacese.  The  seed  is  reniform,  laterally  com- 
pressed with  a  large  peripheral  embryo  surrounding  a  mode- 
rate quantity  of  farinaceous  endosperm.  The  cotyledons 
are  linear,  plano-convex,  sHghtly  wider  than  the  radicle  and 
about  twice  as  long.  The  seed  of  P.  acinosa  corresponds 
closely  to  that  of  its  congener. 

The  seed  of  Kivina  Isevis  is  small,  orbicular,  laterally 
compressed,  notched  at  the  base,  densely  pubescent  and  un- 
equal in  thickness.  The  embryo  is  curved,  horse-shoe  fashion, 
round  the  endosperm;  but  the  cotyledons  are  very  wide, 
thin,  longitudinally  convolute  and  somewhat  longer  than  the 
radicle.  The  position  is  best  seen  in  transverse  section. 
A  vertical  section  sliows  four  pieces  as  if  there  were  four  coty- 
ledons. 

The  fruit  of  Petiveria  octandra  (fig.  616)  is  an  achene  sur- 
mounted by  two  to  six  sharply  reflexed  hooks  of  unequal  size. 
The  embryo  is  sharply  doubled  upon  itself  and  nearly  pen- 
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pherical  on  two  sides  of  the  seed  with  the  greater  bulk  of  the 
endosperm  occupying  the  other  two  sides.  The  cotyledons  are 
convolute  longitudinally,  but  very  unequal.  The  broader  one 
is  outermost,  deeply  auricled  at  the  base  and  trilobulate  at  the 
apex.  The  smaller  one  is  much  the  longest,  auricled  at  the 
base  but  otherwise  entire,  and  convolute  inside  the  larger  one 
in  its  low^er  half  only. 

Seedlings, — The  cotyledons  seem  always  to  be  broad. 
Those  of  Phytolacca  abyssinica  (fig.  618)  are  lanceolate-ovate, 
slightly  unequal,  cuneate  at  the  base,  rather  fleshy,  indistinctly 
penninerved,  3-5  cm.  long,  and  1-5-2  cm.  wide.  The  first  two 
leaves  are  ovate-elliptic. 

The  cotyledons  of  Eivina  Isevis  (fig.  615)  are  rotund,  sub- 
cordate,  trinerved,  obtusely  cuspidate,  and  reticulate.  The 
primary  leaves  are  cordate.  A  slight  difference  occurs  in  the 
cotyledons  of  K.  canescens  which  are  reniform,  shghtly  un- 
equal, rounded  -at  the  apex,  trinerved  and  entire.  The  first 
two  leaves  are  ovate. 

The  cotyledons  of  Petiveria  octandra  (fig.  617)  are  very 
unequal.  The  shorter  one  is  much  the  broader,  triangular 
or  subcordate,  obscurely  trilobate  at  the  apex,  and  otherwise 
somewhat  indented  at  the  sides,  but  this  latter  characteristic 
may  not  be  constant ;  it  is  penninerved,  with  the  basal  pair 
of  laterals  strongly  developed.  It  is  about  2  cm.  long  and 
1-75  cm.  wide.  The  longer  cotyledon  is  oblong,  obtuse, 
penninerved,  3  cm.  long,  and  1"25  cm.  wide. 

Rivina  Isevis,  L, 

Ovary  of  one  carpel,  one-celled,  one-ovuled ;  ovule  basal,  erect, 
amphitropous  ;  micropyle  inferior  or  pointing  to  the  base  of  the  seed 
close  to  the  hilum. 

Fruit  baccate,  subglobose,  laterally  compressed.,  tipped  by  the 
persistent  style,  glabrous,  sca.rlet,  one-seeded. 

Seed  vertical,  laterally  compressed,  deep  brown  or  black,  densely 
pubescent ;  hilum  small,  basal,  slightly  depressed,  MT.th  the  depres- 
sion almost  filled  with  a  small,  colourless,  bilobed,  funicular  aril. 

Endosperm  copious,  white,  farinaceous,  lying  inside  the  embryo, 
or  between  that  and  the  hilum. 

Embryo  curved  round  the  whole  periphery  of  the  seed  except  a 
Bmah  part  close  to  the  hilum,  fleshy,  soft,  colourless  ;  cotyledons 
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longitudinally  convolute,  forming  a  thick  cylinder,  and  when  verti- 
cally cut  giving  the  appearance  of  four  cotyledons  ;  radicle  cylindri- 
cal, bluntly  pointed,  somewhat  longer  than  the  cotyledons,  with  its 
apex  near  the  hilum. 

Seedling  (fig.  G15). 

Primary  root  nearly  vertical,  light  red,  with  numerous  slender, 
branched,  lateral  rootlets. 

Hypocotyl  herbaceous,  about  2  cm.  long,  1  mm.  thick,  terete, 
glabrous,  brown. 


cotyledons,  x  6.  A,  embryo  partly  unfolded. 
B,  outer  and  shorter  cotyledon.  C,  inner 
and  longer  cotyledon. 


Fig.  615. — Bivina  IcBvis. 
Nat.  size. 

Cotyledons  not  quite  opposite,  petiolate,  unequal,  about  1-5  cm. 
long,  a  little  over  1  cm.  wide,  broadly  cordate  or  suborbicular, 
shortly  and  obtusely  cuspidate,  trinerved,  thin,  glabrous,  bright 
green,  not  very  persistent ;  petioles  slightly  channelled,  red,  glan- 
dular. 

Stem  like  the  hypocotyl ;  bases  of  leaves  decun-ent. 

Leaves  simple,  entire,  cauline,  alternate,  exstipulate,  petiolate, 
alternately  incurvinerved,  glabrous,  subreticulate,  membranous,  deep 
green  above,  paler  beneath. 

Nos.  1  and  2.  Cordate,  acute,  incurvinerved. 
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Petiveria  octandra,  L.  (fig.  616). 

Ovary  of  two  carpels,  one-celled,  one-ovuled  ;  ovule  basal,  erect, 
amphitropous  ;  micropyle  inferior. 

Fruit  an  achene,  oblong-linear,  subcuneate,  laterally  compressed 
and  surrounded  longitudinally  with  a  median  ridge  on  both  sides, 
longitudinally  striated  and  sulcate,  bifid  at  the  apex  and  crowned 
with  two  to  six  unequal-sized,  closely  reflexed  acute  bristles,  more  or 
less  hairy,  brown  ;  pericarp  coriaceous,  closely  adhering  to  the  seed. 

Seed  oblong-linear,  conforming  to  the  interior  of  the  achene  ; 
testa  membranous  ;  tegmen  adhering  to  the  endosperm  ;  hilum  basal, 
somewhat  oblique  ;  micropyle  contiguous  to  the  hilum  ;  raphe  none. 

Endosperm  moderately  copious,  whitish,  subfarinaceous  or  fleshy. 

Embryo  large,  surrounded  by  the  endosperm,  doubled  upon 
itself;  cotyledons  very  unequal,  and  often  only  one,  the  smaller 
being  aborted ;  larger  one  very  broad,  deeply  cordate  at  the  base, 
strongly  convolute  and  enclosing  the  smaller  when  present ;  apex 
subtrilobate,  with  rounded  obtuse  lobes,  the  lateral  ones  curving 
round  the  smaller  cotyledon,  while  the  middle  one  is  curved  at  the 
apex  and  just  within  the  endosperm  at  the  apex  of  the  seed  ;  inner 
one  much  longer,  convolute  within  the  laxger 
one,  refracted  near  the  middle,  just  within 
the  apex  of  the  endosperm  and  carried  down 
again  nearly  to  the  tip  of  the  radicle  ;  radicle 
stout,  cylindrical,  obtuse,  rather  long,  close 
to  the  micropyle  at  the  base  of  the  seed. 

Seedling  (fig.  617). 

Primary  root  slender,  with  many  colour- 
less branched  fibrous  rootlets. 

Hypocotyl  herbaceous,  about  2  cm.  long, 
1  mm.  thick,  shghtly  ridged,  pubescent,  green 
or  brownish-red. 

Cotyledo7is  very  unequal,  stalked,  gener- 
ally one  is  about  2  cm.  long,  1-75  cm.  wide, 
subcordate,  obtusely  cuspidate,  coarsely 
crenate,  sinuate  near  the  apex,  trmerved  at 
the  base,  penninerved.  The  other  is  about 
3  cm.  long,  1-25  cm.  wide,  oblong,  obtuse 
at  both  ends,  entire,  penninerved ;  both  are  PetivIrTa  octandra. 
glabrous  except  the  short  pubescent  petioles,  ^"^'^  s'^"- 
thin,  with  sunk  midrib,  bright  green,  not  very  persistent. 

Stem  herbaceous,  erect ;  1st  internode  6  mm.  long,  1-1-5 
thick,  terete,  pubescent,  brown.  ^' 

II. 

F  F 


434  ON  SEEDLINGS 

Leaves  simple,  entire,  cauline,  alternate,  stipulate,  petiolate, 
alternately  incurvinerved,  glabrous  or  somewhat  pubescent,  mem- 
branous, smelling  strongly  of  garlic  ;  stipules  small. 

Nos.  1-3.  Very  much  like  the  entire  cotyledon,  only  larger,  4- 
5  cm.  long,  nearly  2  cm.  wide  ;  apex  oblique ;  margin  sinuate. 

Phytolacca  pruinosa,  Fenzl. 

Pistil  apocarpous  or  very  nearly  so,  of  six  to  eight  carpels,  each 
one-celled,  one-ovuled ;  ovules  erect,  campylotropous  ;  micropyle 
iufGrior 

Fndt  baccate,  of  six  to  eight  juicy  carpels  arranged  in  a  whorl, 
slightly  united  by  their  bases  laterally  but  not  m  the  centre,  gla- 
brous, deep  black,  shining. 

Seed  reniform,  vertical,  somewhat  compressed  lateraUy,  vnth  a 
hard,  crustaceous,  deep  black  and  shining  testa,  glabrous  unequal 
at  the  base-the  smaller  auricle  contammg  the  radicle  the  larger 
the  cotyledons  ;  hilum  basal  in  the  notch  ;  micropyle  close  to  it. 

Endosperm  central,  floury,  loose,  white. 

Embryo  much  curved,  peripheral,  not  so  white  as  the  endosperm 
which  it  encloses,  comparatively  large  ;  cotyledons  hnear,  obtuse 
lemiterete,  plano-convex,  placed  with  their  backs   o  the  axis,  and 
their  edge;  to  the  compressed  sides  of  the  seed  ;  radicle  cyhndi-ical, 
obtusely  pointed,  about  half  as  long  as  the  cotyledons. 

Phytolacca  acinosa,  Boxb. 

Fruit  of  six  to  eight  one-seeded,  baccate,  drupe^ike  carpels 
Seed  oblong,  3-4  mm.  long,  laterally  compressed  ;  testa  smooth, 
shining,  black,  crustaceous  ;  hilum  rather  conspicuous. 

Endosperm  rather  copious,  white,  farinaceous,  surrounded  by 

^'^rS  curved,  lying  round  the  endosperm,  — 
ledons  linlar,  obtuse,  entire,  closey  adpressed  15^^^^^^^^^^ 
of  the  seed,  with  their  faces  to  the  axis;  radicle  teiete,  obtuse,  m 
cumbent,  shorter  than  the  cotyledons. 

PhYtolacca  abyssinica,  Hoffm.  (fig.  618). 

Hypocotyl  1-2  cm.  long,  2  or  3  mm.  thick,  terete,  glabrous, 
reddish,  Bueculent.  ,       j.5_2  esi. 

Cotyledons  shortly  stalked,  "'''''ly/*"^; '  3°  b„  at 

2-3  mm.  wide,  stout,  channelled. 
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long,  as  thick  as  the 


stem  terete,  succulent,  edges  of  petiole  decurrent,  glahrous, 
purpUsh-brown ;  internodes  about  1  cm. 
hypocotyl. 

Leaves  simple,  entire,  cauline,  alter- 
nate (first  two  opposite),  exstipulate, 
petiolate,  alternately  incurvinerved,  gla- 
brous, subfleshy  ;  petiole  grooved  on  the 
upper  side. 

Nos.  1  and  2.  5-7  cm.  long,  2-5-3  cm. 
wide,  with  stout,  channelled,  reddish 
petioles  1  cm.  long,  2-5  mm.  wide,  and 
an  ovate-elliptic,  acute,  entire,  mucronate      dj,  ^l^'  ■  ■ 

,  ,  -  ^  '  '  Jf  hytolacca  abyssinica. 

blade.  Half  nat.  size. 


POLYGONACE^. 

Benth.  et  Hook.  Gen.  PI.  iii.  88. 

Fruit  and  Seed.—llhQ  ovary  is  superior,  rarely  slightly  sunk 
in  the  receptacle,  syncarpous,  and  consists  of  two  to  three, 
rarely  four  carpels,  trigonous,  or  compressed,  rarely  tetra- 
gonal, one-celled,  with  a  basal,  erect,  orthotropous  ovule  ;  the 
ovule  is  sessile  or  erect  on  the  apex  of  a  funicle,  sometimes 
pendulous  from  the  recurved  apex  of  an  elongated  basal 
funicle.    The  fruit  is  nutlike,  trigonous,  compressed  or  rarely 
tetragonal,  and  indehiscent,  clothed  by  the  unchanged  or  ac- 
crescent perianth,  rarely  exserted  from  it.    The  pericarp  is 
crustaceous,  rarely  leathery  or  hardened.    The  seed  is  sessile, 
erect  and  orthotropous,  rarely  stipitate,  and  conforms  to  the 
mterior  of  the  fruit ;  sometimes  it  is  longitudinally  furrowed 
and  three-  to  six-lobed.    The  testa  is  membranous  and  filled 
with  copious  farinaceous  endosperm,  rarely  is  the  endosperm 
subfleshy  and  scanty.    The  embryo  is  often  more  or  less  ex- 
centric  or  lateral,  variously  curved  or  straight,  sometimes  peri- 
pherical.    The  cotyledons  are  flat,  narrow  or  wide,  rarely  very 
wide  and  convolute.    The  radicle  varies  considerably  in  lenrrth 
and  is  superior  or  ascending. 

The  pistil  is  tetramerous  in  Calligonum.     The  ovule  is 
suspended  from  a  recurved  funicle  in  Leptogonum,  Brunnichia, 
and  Antigonon.    The  perianth  completely  encloses  the  fruit 
or  IS  solid  m  Oxygonum,  Emex,  and  Symmeria,  fleshy  or 
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baccate  in  Muehlciibeckia,  Coccoloba,  and  in  a  few  species  of 
Polygonum.  It  is  adnate  to  the  nut  in  several  species  of 
Coccoloba. 

Eeclioned  according  to  the  form  and  position  of  the  embryo, 
three  different  types  of  seeds  have  come  under  my  observation. 
In  all  cases  the  seed  itself  is  trigonous,  and  conforms  to  the 
interior  of  the  fruit.  The  simplest  form  is  represented  by 
Rumex  obtusifolius.  The  embryo  is  straight  or  slightly  curved 
in  conformity  with  the  outline  of  the  seed,  as  it  is  excentric 
and  lies  along  one  of  the  three  faces  outside  the  endosperm. 
The  cotyledons  are  oblong,  plano-convex,  and  somewhat  longer 
than  the  terete  radicle.  The  fruit  and  seed  of  E.  Patientia 
are  more  decidedly  narrowed  to  the  base  and  ellipsoid ;  the 
embryo  is  excentric,  as  long  as  the  seed,  and  therefore  much 
curved  in  conformity  with  it.  The  cotyledons  are  linear, 
plano-convex,  narrow,  and  longer  than  the  terete  radicle. 

The  embryo  of  Rheum  palmatum  (fig.  621)  is  relatively 
larger  and  generally  sHghtly  excentric,  with  broadly  oblong 
cotyledons,  abruptly  narrowed  into  the  radicle  which  is  short, 
terete,  and  lies  in  the  narrow  neck  of  the  seed  quite  un- 
covered by  endosperm.  The  cotyledons  are  flat  or  more  or 
less  folded  longitudinally,  and  exceptional  cases  occur  where 
one  is  oblique  to  the  other,  and  in  one  instance  they  were 
twisted  at  right  angles  to  one  another  so  as  to  occupy  the  three 
angles  of  the  seed  and  thus  attam  the  greatest  possible  size. 
The  fruit  is  broadly  three-winged,  and  the  inner  wall  is 
greatly  but  unequally  thickened,  suberous,  and  so  indents  the 
testa  and  endosperm  in  places  as  to  make  the  latter  appear 

ruminated.  j  . 

The  seed  of  E.  officinale  is  not  abruptly  narrowed  at  tlie 
apex  so  that  the  radicle  remains  embedded  in  endosperm. 
The  embryo  as  a  whole  is  nearly  if  not  quite  central,  with 
narrowly  oblong  cotyledons  slightly  longer  than  the  radicle, 
and  is  relatively  smaller  than  that  of  E.  palmatum. 

The  seed  of  Fagopyrum  esculentum  (fig.  019)  is  large,  ovoid- 
trio-onous,  rarely  with  the  angles  nearly  obliterated  and  rounded. 
The  embryo  is  relatively  very  large,  variously  folded  and  con- 
volute longitudinally,  similar  to  what  occurs  m  Geramum, 
except  that  endosperm  is  here  present  and  is  nearly  divided  m 
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half  by  the  cotyledons.  In  transverse  section  the  latter  are 
seen  to  be  twisted  in  the  form  of  the  letter  S,  with  endosperm 
occupying  the  sinus.  They  are  deeply  but  unequally  auricled 
at  the  base,  and  the  two  halves  of  the  lamina  are  unequal,  and 
the  whole  therefore  unsymmetrical  for  the  same  reason  as  in 
Geranium.  The  larger  halves  are  outermost  and  hug  the  testa, 
closely  following  two  out  of  the  three  angles  of  the  seed  and 
enclosmg  the  smaller  halves.  The  latter  retain  their  smaller 
size  after  germination.  The  radicle  is  large,  fusiform,  and 
completely  enclosed  by  the  folds  of  the  cotyledons. 

The  cause  of  the  inequality  in  the  two  halves  and  of  the 
auricles  of  the  cotyledons  is  as  follows  : — 

The  embryo  in  the  young  state  becoming  too  wide  for  the 
interior  of  the  seed,  becomes  first  folded  together  longitudinally, 
and  growth  continumg  the  cotyledons  become  spirally  con- 
volute, forming  a  large  open  spiral  with  all  the  intermediate 
spaces  filled  with  the  white  floury  endosperm.  The  coty- 
ledons at  length  get  outside  the  endosperm  and  direct  their 
course  into  two  out  of  the  three  angles  of  the  seed,  thus 
obtaining  the  greatest  possible  width.  Looking  from  the  apex 
of  the  seed — that  is,  from  the  radicular  end  of  the  embryo  to  the 
lower  end  of  the  seed — the  cotyledons  are  after  the  first  folding 
both  twisted  in  the  same  direction,  from  right  to  left,  or  in  the 
opposite  direction  to  the  course  of  the  sun,  or  this  direction 
may  be  reversed.  In  consequence  of  this  one  half  of  each 
cotyledon  is  enclosed  by  the  corresponding  half  of  the  other,  so 
that  the  outer  half  of  each  has  more  room  to  develop,  and  is 
both  larger  and  has  larger  auricles. 

Seedlings. — The  cotyledons  vary  greatly  in  size  and  shape, 
sometimes  even  in  the  same  genus.  Those  of  Pterostegia 
drymarioides  are  rotund,  obtuse,  entire,  and  petiolate  with  a 
lamina  6'5-7'5  mm.  long  and  the  same  in  width.  In  the 
case  of  Polygonum  sphferostachyum  they  are  rotund,  tri- 
nerved,  and  taper  slightly  at  the  base  into  short  petioles, 
connate  at  the  base,  forming  a  cup  round  the  axis.  The 
cotyledons  of  Piumex  Bucephalophorus  are  narrowly  ovate- 
oblong;  and  the  two  primary  leaves  are  oval.  The  coty- 
ledons of  a  species  of  Himalayan  Kheum  from  the  Saharanpur 
gardens  (N.W.  India)  are  large,  foliaceous,  ovate-oblong,  and 
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obtuse.  The  cotjdedons  of  Rheum  officinale  (fig.  622)  are 
broadly  ovate,  obtuse,  obscurely  three-  to  five-nerved,  and 
have  their  petioles  slightly  connate  at  the  base.  The  hypo- 
cotyl  is  undeveloped  or  indistinguishable  from  the  root,  which 
becomes  thick  and  fleshy  at  an  early  stage.  The  first  leaf  is 
ovate-oblong,  subcordate  at  the  base.  The  ultimate  leaf  is 
cordate-palmate,  five-nerved  and  -lobed,  and  lobulate  or 
coarsely  dentate  between  the  lobes. 

A  very  distinct  type  is  met  with  in  Coccoloba  uvifera 
(fig.  623)  which  has  cotyledons  similar  to  those  of  Coffea. 
They  are  large,  foliaceous,  oblate  or  subquadrate,  five-nerved 
from  the  base,  strongly  reticulate,  and  truncate  at  the  apex 
or  widely,  shallowly  and  erosely  emarginate. 

The  large  and  foliaceous  cotyledons  of  Fagopyrum  are  also 
very  distinct.  They  are  more  or  less  unsymmetrical  with 
unequal  basal  auricles  as  explained  above.  Those  of  F. 
emarginatum  are  rhomboid-orbicular,  unsymmetrical,  five- 
nerved  at  the  base  and  penninerved  upwards.  The  first  leaf 
is  cordate-hastate,  and  the  second  similar  but  more  acu- 
minate, with  ochreate  stipules  as  in  other  members  of  the  Order. 
The  cotyledons  of  F.  tataricum  (fig.  620)  are  suborbicular, 
rounded  at  the  apex,  and  very  unequally  am-icled  at  the  base 
with  the  larger  auricle  of  one  on  the  opposite  side  from  that 
of  the  other  as  it  was  developed  in  the  seed.  The  venation  is 
similar  to  that  of  the  last  species. 

Pterostegia  drymarioides,  Fisch.  et  Mey. 
Primary  root  slender,  flexuose,  finely  branched. 
Hypocotyl  short,  subterranean  and  scarcely  distinguishable  from 
the  root,  red. 

Cotyledons  rotund,  obtuse,  entire,  petiolate,  glabrous;  lamina 

6-  5-7-5  mm.  long,  and  about  the  same  in  width ;  petiole  slender, 
slightly  furrowed  on  the  upper  surface,  9-11  mm.  long. 

Stem  herbaceous,  dichotomously  branched ;  1st  internode  unde- 
veloped ;  2nd  5-9  mm.  long. 

Leaves  simple,  radical  and  cauline,  opposite,  unequal,  stipulate, 
petiolate,  very  thinly  pubescent  or  almost  glabrous  ;  petiole  slen- 
der, shghtly  channelled  above.    Inequality  of  leaves  ;  lamina  6-5- 

7-  5  mm.  long  and  1-1*3  cm.  wide  ;  petioles  1-7-2  cm. 

Stipides  represented  by  a  slender  connecting  rim  between  the 
petioles  or  by  their  shghtly  connate  bases. 
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First  to  third  pairs  oblate,  emarginate  or  bifid,  like  the  coty- 
ledon of  a  Convolvulus  or  Brassica,  giving  off  a  few  leadmg  nerves 
into  the  side  lobes. 

Polygonum  sphserostachyum,  Meisn. 

Primary  root  normal. 

Hypoootyl  very  short  and  unapparent. 

Cotyledons  entire,  almost  orbicular,  about  4  mm.  in  diameter, 
glabrous,  trinerved,  with  long  petioles  from  1-5-2  cm.,  which 
joinmg  at  the  base  of  the  leaf  form  a  hollow  tube  through  which 
the  real  leaves  pass,  giving  the  appearance  of  an  erect  hypocotyl 
with  sessile  cotyledons. 

Stem  at  first  very  short,  so  that  the  leaves  appear  radical. 

First  leaves  radical,  obtusely  lanceolate,  alternate,  simple,  entire, 
hght  green  with  long  petioles  from  2-5-3  cm. ;  midrib  with  numer- 
ous lateral  veinlets. 

Fagopyrum  esculentum,  Moench.  (fig.  619). 

Fruit  an  achene,  acutely  or  obtusely  trigonous  or  sub-three- 
winged,  crustaceous,  brown,  sometimes  with  black  transverse  stripes, 
or  entirely  black,  glabrous,  much  longer  than  the  persistent  withered 
perianth,  shghtly  narrowed  to  the  base,  but  more  to  the  apex. 

Seed  large,  ovoid-trigonous,  filling  the  cavity  of  the  ovary  and 
conforming  to  it  in  shape  ;  testa  very  pale  brown  or  straw-coloured, 
glabrous,  shinmg  ;  hilum  basal ;  chalaza  rather  large,  conspicuous, 
orbicular,  reddish-brown,  basal ;  micropyle  apical. 

Endosperm  copious,  dry  and  floury,  white. 

Embryo  very  large,  lying  in  the  centre  of  the  endosperm  and 
variously  stretched  from  one  angle  -g 
of  the  seed  to  another,  and  equal 
in  length  to  the  seed,  straight  ; 
cotyledons  very  wide,  variously 
twisted  about  or  plaited,  often 
striking  into  two  out  of  the  three 
angles  of  the  seed,  and  these  follow- 
ing the  interior   of  the  testa  for    pie.  eiQ.—Fagoptjrum  esculentum. 

some  distance,  apparently  outside     ^.  transverse  section  of  seed,  x  4. 

1      Ii         i.-  embryo,  x  8. 

the  endosperm,  very  shortly  petio- 

late  ;  radicle  rather  large,  subfusiform,  tapering  to  an  obtuse  point, 
completely  hidden  by  the  folds  of  the  cotyledons. 

Seedling. 

Hypocotyl  6-12  cm.  long,  1-5-2-5  mm.  thick,  succulent,  terete, 
glabrous,  red. 
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Cotyledons  nearly  equal,  obtuse,  rhomboid- orbicular,  obHque, 
entire,  penninerved,  plane,  glabrous,  thin  but  fleshy,  pale  green, 
1-2  em.  long,  and  2-3-5  cm.  wide  ;  petioles  channelled,  glabrous, 
succulent,  reddish,  connate  at  the  base,  1-5-2  cm.  long,  about  1  mm. 
thick. 

Stem  succulent,  terete,  glabrous,  reddish;  1st  internode  3- 
7  cm.  long,  1-25-2  mm.  thick  ;  2nd  shorter  and  thinner. 

Leaves  rather  membranous,  three-  to  five-nerved  at  the  base, 
and  penninerved  upwards. 

No.  1.  3-5  cm.  long,  2-4-5  cm.  wide,  cordate-hastate,  obtusely 
acuminate,  entire,  palmatinerved,  thin,  with  mealy  pubescence, 
light  green ;  petiole  channelled  above,  glabrous  or  slightly  pubes- 
cent. 

No.  2.  Similar  but  more  acuminate. 
Fagopyrum  tataricum,  Gaertn.  (fig.  620). 

Primary  root  long,  tapering  downwards,  colourless,  giving  off 
short,  slender,  lateral  fibres. 

Sypocotyl  erect,  terete,  minutely  glandular-pubescent,  red, 

striated  with  darker  lines,  shining,  2- 
2-8  cm.  above  the  soil  and  tapering  in- 
sensibly into  the  root. 

Cotyledons  suborbicular,  rounded  at 
the  apex,  cordate  at  the  base  and 
unequally  auricled,  the  longer  auricle 
of  one  cotyledon  on  the  opposite  side  to 
that  of  the  other,  while  the  lamina  is 
generally  larger  on  the  side  with  the 
longer  auricle,  faintly  five-nerved  at  the 
base,  petiolate,  deep  subglaucous-green 
above,  paler  beneath,  glaucous  and 
shghtly  reticulate ;  lamina  1-3-1-5  cm. 
long,  including  the  auricles,  1-2-1-4  cm. 
wide  ;  short  side  of  a  typical,  good-sized 
cotyledon  1-1  cm.  long,  5-75  mm.  wide  ; 
longer  side  1*4  cm.  long,  8-5  mm.  wide ; 
petioles  semiterete,  channelled  above, 
glabrous,  shining,  dilated  and  connate  at 
the  base  forming  a  cupromid  the  plumule, 
tapering  upwards  and  becoming  rather  slender,  unequal  in  length; 
longer  one  in  specimen  described  2-7  cm.  long  ;  shorter  one  2-15  cm. 

Stem  erect,  terete  or  somewhat  flattened  on  two  sides,  tliinly 
pubescent  on  the  internodes  and  more  densely  so  at  the  nodes  or 


Fig.  620. 
Fagopyrum  tataricum. 
Half  nat.  size. 
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papillose,  pale  green  closely  striated  with  red  lines  ;  1st  internode 

6-9  mm.  long.  .  ,  ,    .  n 

Leaves  simple,  cauline,  alternate,  stipiilate,  petiolate,  tve-nervea 
at  the  base  and  alternately  nerved  upwards,  with  branching  anasto- 
mosing veins,  deep  glaucous-green  above,  paler  and  glaucous  beneath, 
glabrous  ;  petioles  semiterete,  channelled  on  the  upper  side,  tapering 
upwards  from  a  stout  base,  pale  green,  pubescent  or  papillose  at  the 
margins  on  the  upper  side,  shining ;  stipules  connate  by  their  edges 
and  forming  a  sheath  around  the  stem  to  which  their  bases  are 
adnate,  thin  and  membranous  for  the  greater  part,  entire  or  lace- 
rated at  their  free  upper  edges,  glandular-pubescent  or  papillose, 
pale  green  or  almost  colourless. 

No.  1.  Reniform-triangular,  subhastate,  cuspidate,  acute,  five- 
nerved  at  the  base,  alternately  nerved  upwards,  and  reticulate. 

Eheum  palmatum,  L.  (fig.  621), 

Ovary  one-celled,  one-ovuled ;  ovule  basal,  erect,  orthotropous  ; 
micropyle  superior. 

Fruit  an  achene,  surrounded  at  the  very  base  with  the  persistent 
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Fig.  621. — Bheum  palmatum. — A,  acliene,  x  3  :  St,  style ;  W,  W,  W,  wings. 
B,  longitudinal  section  of  achene,  x  3  :  St,  style  ;  W,  W,  wings ;  P,  peri- 
anth.   C,  transverse  section  of  achene,  x  3. 

remains  of  the  perianth,  ovoid-trigonous,  broadly  and  thinly  three- 
winged,  suddenly  tapering  to  a  cuneate  base,  tipped  with  the  base 
of  the  styles,  dark  brown,  glabrous  ;  wings  traversed  longitudinally 
with  a  nerve  running  nearer  the  margin  than  the  attachment,  re- 
ticulate, pale  brown. 

Seed  trigonous,  conical  or  flask-shaped,  suddenly  narrowed  at 
the  base,  gradually  narrowed  to  the  apex,  conforming  in  shape  to 
the  fruit  except  the  wings,  raised  into  a  more  or  less  prominent  ridge 
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on  each  of  its  three  faces  ;  testa  thin,  red,  more  or  less  adhering  to 
the  suberous  endocarp  ;  hilum  and  chalaza  basal  and  inconspicuous. 

Endosperm  copious,  floury,  ■white  when  dry  but  yellow  when 
moist,  surrounding  the  embryo  except  the  radicle  and  sometimes  the 
edges  of  the  cotyledons,  appearing  somewhat  ruminated  in  transverse 
section  owing  to  the  unequal  thickening  of  the  corky  endocarp. 

Embryo  straight,  large,  generally  slightly  excentric,  colourless  ; 
cotyledons  oblong,  obtuse,  entire,  abruptly  narrowed  into  the  radicle, 
lying  near  one  side  of  the  triangle  in  the  transverse  section  of  the 
seed,  and  flat  or  shghtly  bent  or  doubled  upon  themselves  longitudi- 
nally ;  radicle  short,  stout,  narrowed  to  an  obtuse  point  and  lymg 
in  the  apex  of  the  seed  uncovered  by  the  endosperm. 

Exceptions  to  the  position  of  the  cotyledons  occur  where  one 

is  obhque  to  the  other,  often  lying 
against  the  sides  of  the  seed  from 
the  absorption  of  the  endosperm 
at  their  edges.  A  case  occurred 
where  one  cotyledon  was  twisted  at 
right  angles  to  the  other,  so  as  to 
occupy  the  three  angles  of  the  seed. 

Rheum  oflB.cinale,  Baill.  (fig. 
622). 

Primary  root  stout,  fleshy, 
tapering  downwards,  with  lateral 
fibres,  brownish. 

Hypocotyl  very  short,  fleshy, 
brownish,  hardly  distinguishable 
from  the  root,  about  6  mm.  long. 

Cotyledons  broadly  ovate,  ob- 
tuse, three-  or  obscurely  five-nerved, 
entire,  scabrous  at  the  margm,  gla- 
brous, fleshy,  light  opaque  green; 
lamina  1-65  cm.  long,  1-4  cm. 
wide ;  petioles  flattened  above, 
convex  on  the  back,  pale  green  or 
suffused  with  red,  glabrous,  connate 
Fig.  622.— E/ieum  officinale.  at  the  base  forming  a  sheath  for 
Nat.  size.  ^-^q  plumule,  I'TS  cm.  long  includ- 

ing the  sheath. 

Stem  herbaceous,  forming  a  short,  persistent,  fleshy  rootstock, 
with  large,  fleshy,  tuberous  or  tuber-like  roots,  elongating  when  about 
to  flower. 
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Leaves  simple,  radical  and  cauline,  alternate,  stipulate,  petiolate, 
alternately  penninerved  in  the  young  state  and  entire,  butpalmately 
five-nerved  in  the  adult  plant,  glabrous  in  the  seedling,  but  after- 
wards pubescent  beneath  ;  petiole  semiterete,  flattened  above  with 
obtuse  edges,  pale  green,  often  stained  with  red,  glabrous  in  seedhng 
but  pubescent  in  the  adult ;  stipules  none  on  the  first  leaf,  or  hidden 
in  the  sheath. 

No.  1.  Ovate-oblong,  obtuse,  subcordate '  at  the  base,  somewhat 
scabrous  at  the  margin. 

Coccoloba  uvifera,  Jacq.  (fig.  623). 

HypocoUjl  erect,  terete,  glabrous,  rather  stout  and  of  about 
equal  thickness  all  the  way  up,  4-6-8  cm.  above  the  soil,  pale  green 
stained  with  red. 

Cotyledons  large,  foliaceous,  oblate  or  quadrangular,  erosely 
truncate  at  the  apex,  or  widely, 
shallowly  and  irregularly  emar- 
ginate,  shortly  petiolate,  coriaceous, 
bright  green  and  shining  above, 
paler  beneath,  trinerved  from  the 
base  with  the  midrib  again  forked 
about  the  middle,  making  in  all 
four  principal  nerves,  the  outer  one 
of  each  pair  incurving,  the  inner 
curving  outwards,  each  pair  meet- 
ing above ;  from  these  smaller 
ones  are  given  off  and  anastomose 
throughout  the  lamina,  which  is 
2-4-2-65  cm.  long  and  3-3-4  cm. 
wide ;  petiole  flattened  above  or 
shghtly  grooved,  convex  on  the 
back,  minutely  puberulous  at  the 
margin,  connate  at  the  base  or  pro- 
duced into  a  stipuliform  or  ochreate 
sheath  enveloping  the  plumule, 
2-5  mm.  long,  with  the  sheath 
about  1-5  mm.  long. 

Stem    erect,  terete,  minutely 
puberulous,  ultimately  woody ;  1st  internode  1-3-1-4  cm.  long  ;  2nd 
short,  about  2-3  mm. 

Leaves  simple,  cauline,  alternate,  stipulate,  shortly  petiolate, 
alternately  incurvinerved,  with  the  nerves  uniting  at  their  curved 
tips,  reticulate,  coriaceous,  glabrous  except  the  petiole,  a  deep  shining 


Fig.  623. — Coccoloba  uvifera. 
Half  nat.  size. 
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green  above,  or  in  the  young  state  more  or  less  stained  with  red ; 
stipules  ochreate,  forming  a  sheath  round  the  stem,  and  in  their 
youngest  state  a  cap  to  the  terminal  bud,  and  after  loosing  the  cap 
becoming  truncate. 

Petioles  very  short,  semiterete,  grooved  above,  minutely  puberu- 
lous  at  the  margins. 

No.  1.  Obovate,  broad  and  obtuse  at  the  apex,  very  shallowly 
sinuate  or  nearly  entire,  slightly  cordate  at  the  base. 

No.  2.  Eotund,  obovate,  much  larger,  broad  and  obtuse  at  the 
apex,  obsoletely  angled  or  almost  entire  at  the  margin,  cordate  at 
the  base,  with  short  rounded  auricles. 


ARISTOLOCHIACE^. 

Benth.  et  Hook.  Gen.  PI.  iii.  121. 

Fruit  and  Seed. — The  ovary  is  inferior  or  rarely  half- 
superior,  consisting  of  four  to  six  carpels  cohering  by  their 
edges,  with  the  placentas  projecting  into  the  cavity  and  making 
it  imperfectly  four-  to  six-celled,  or  cohering  and  forming  as 
many  complete  cells.  The  ovules  are  indefinite  in  each  cell, 
usually  very  numerous,  horizontal  or  pendulous,  superposed  in 
one  or  two  series  and  anatropous.  The  fruit  is  sometimes  iu- 
dehiscent,  crowned  with  the  persistent  perianth,  and  Hberating 
the  seeds  only  by  decay,  or  it  is  capsular  with  a  deciduous 
perianth,  dehiscing  septicidally  or  breaking  away  from  the 
placentas.  The  seeds  are  indefinite,  often  very  numerous,  hori- 
zontal or  pendulous,  immersed  in  a  spongy  cellular  tissue 
arising  from  the  endocarp,  ovoid  or  oblong,  obtusely  trigonous, 
or  compressed  and  flat  or  concave.  The  testa  is  crustaceous, 
rugose  or  smooth,  with  the  raphe  in  plano-concave  seeds 
fleshy  and  thickened  or  dilated.  Endosperm  is  copious  and 
fleshy.  The  embryo  is  minute,  enclosed  in  the  endosperm 
close  to  the  hilum,  oblong  or  ovoid,  with  the  cotyledons 
closely  appHed  to  one  another  and  about  as  long  as  the  radicle. 

Seedlin(is.—The  cotyledons  attain  a  comparatively  large 
size  during  germination  by  feeding  upon  the  endosperm. 
Those  of  Aristolochia  caudata  are  broadly  oblong,  rounded 
and  entire  at  either  end,  five-nerved  at  the  base  and  stronglv 
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■nerved  upwards  with  alternate  branching  nerves.^  The 
lamina  hangs  perpendicularly  from  the  apex  of  its  horizontal 
petiole.  The  whole  seedling  of  Aristolochia  elegans  (fig.  624) 
is  smaller.  The  cotyledons  are  broadly  oval,  obtuse,  emar- 
ginate,  suddenly  narrowed  into  the  petiole,  trinerved  through- 
out their  length  and  reticulate.  The  first  pair  of  leaves  are 
smaller  than  the  cotyledons,  for  which  they  might  be  mis- 
taken as  they  are  nearly  on  the  same  level,  suborbicular  and 
emarginate,  but  they  are  trinerved  at  the  base  only  with  alter- 
nate nerves  upwards.  The  followmg  three  leaves  are  broadly 
reniform  and  trinerved  with  copiously  branching  nerves. 

Aristolochia  caudata,  L. 

Boot  short,  oblique,  slightly  branching. 

Eypocotyl  about  6  cm.  long,  2  mm.  thick,  terete,  glabrous, 
herbaceous,  green. 

Cotyledons  with  shallow  channelled,  glabrous,  horizontal  petioles 
and  vertically  recHnate  or  pendent  blade  2-5  cm.  long,  2  cm.  wide, 
oblong,  rounded,  entire,  penniuerved,  glabrous,  thin,  deep  glaucous- 
green  above,  paler  beneath. 

Stem. — 1st  internode  2  mm.  long  and  as  thick  ;  2nd  twice  as  long,, 
but  thinner  than  the  first,  terete,  slightly  pubescent,  green. 

Leaves  simple,  cordate  at  the  base,  otherwise  entire,  cauline, 
alternate  (the  first  two  opposite),  exstipulate,  petiolate,  glabrous, 
glaucous-green  above,  paler  beneath ;  petiole  somewhat  pubescent. 

Nos.  1  and  2.  Opposite,  long  petioled,  re- 
chnate,  with  a  blade  3  cm.  long,  2-5  cm. 
wide,  subcordate,  acute,  subpalmatinerved,  re- 
ticulate, entire,  quite  glabrous,  deep  glaucous- 
green  above  ;  petiole  3  cm.  long,  1*5  mm. 
wide,  slightly  pubescent. 

Nos.  3,  4,  &c.  Alternate,  broadly  cor- 
date through  the  appearance  of  a  small  vein- 
let  and  accompanying  parenchyma  at  the 
base  of  the  lowest  vein  of  each  of  the  two 
basal  primary  nerves. 


AristolocMa  elegans.  Masters  (fig.  624).  fio.  624. 

TT         .7        ...IT        11  Aristolochia  elegans. 

liypocotyL  erect,  terete,  slender,  glabrous,  Nat.  size. 

8-10  mm.  above  the  soil. 

Cotyledons  broadly  oval,  obtuse,  minutely  emarginate,  suddenly 

tapering  into  the  petiole,  fohaceous,  membranous,  glabrous,  trinerved 
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with  the  lateral  ones  giving  off  short  branches  on  their  outer  sides  ; 
lamina  8-9  mm.  long,  6-5  mm.  wide ;  petiole  slender,  channelled 
above,  2-5  mm.  long. 

Stem  erect,  terete,  slender,  glabrous,  ultimately  climbing ;  Ist 
internode  undeveloped  ;  2nd  l'2-l-3  cm.  long. 

Leaves  simple,  cauline,  alternate  except  the  first  pair,  entire, 
glabrous,  petiolate,  exstipulate ;  petiole  slender,  subterete,  channelled  1 
above. 

Nos.  1  and  2.  Opposite,  suborbicular,  minutely  emarginate,  rather 
truncate  at  the  base,  petiolate,  much  smaller  than  the  cotyledons 
and  resembUng  them,  but  having  more  the  venation  of  a  fohage 
leaf. 

Nos.  3-5.  Eeniform  or  broadly  reniform,  entire,  trinerved,  with 
all  three  nerves  branching  rather  copiously,  reticulate,  glabrous. 


PIPERACE/E. 

Benth.  et  Hook.  Gen.  PI.  iii.  125. 

Fruit  and  Seed. — The  ovary  is  superior,  sessile  or  rarely 
stipitate,  consisting  of  three  to  four  many-ovuled  carpels,  dis- 
tinct or  united  at  the  base,  or  is  one-celled  and  one-ovuled. 
The  ovule  is  solitary  and  erect,  or  there  are  several  ascend- 
ing and  orthotropous.  The  fruit  is  small  and  capsular  in 
genera  having  numerous  carpels,  or  it  breaks  up  into  three  to 
four  cocci  or  follicles ;  in  genera  where  it  is  one-ovuled  it  is 
baccate  and  indehiscent,  with  a  succulent  or  thin  and  almost 
dry  pericarp.  The  seed  or  seeds  according  to  the  number 
present  are  globose,  ovoid  or  oblong.  The  testa  is  membranous 
or  thinly  fleshy,  rarely  coriaceous.  Both  perisperm  and  endo- 
sperm are  present  and  farinaceous.  The  former  is  copious 
and  occupies  the  greater  part  of  the  seed,  is  often  snowy- white 
and  in  many  cases  hardened  at  the  periphery.  The  endosperm 
forms  a  small  mass  embedded  in  the  perisperm  close  to  the 
superior  micropyle,  distant  from  the  hilum,  and  encloses  the 
minute  embryo.  The  cotyledons  are  short,  often  not  very 
distinct ;  and  the  radicle  is  superior.  A  few  exceptional  cases 
occur  as  in  Saururus  and  Lactoris  where  the  fruit  breaks  up 
into  cocci.    The  fruit  is  one-celled  and  opens  at  the  top  m 
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Houttnynia.  In  the  genus  Lactoris,  where  perisperm  is  com- 
paratively scanty,  it  is  oily  rather  than  farinaceous. 

Seedlings —The  embryo  is  very  small  while  in  the  seed, 
but  attains  a  relatively  large  size  during  germination,  and  the 
cotyledons  assume  somewhat  the  form  of  the  seed.  In  Piper 
celtidifolium  (fig.  626)  they  are  broadly  triangular,  cuspidate, 
truncate  at  the  base  or  mclined  to  cordate,  membranous,  and 
faintly  trinerved.  The  first  leaf  is  cordate  and  five-nerved, 
with  strong  sheaths  at  the  base  of  the  petiole.  The  next  two 
are  more  elongated  and  more  deeply  auricled  at  the  base,  but 
otherwise  similar.  The  hypocotyl  of  Peperomia  fernandeziana 
is  short  and  fleshy.  The  cotyledons  are  ovate,  cuspidate  and 
fleshy  with  no  apparent  venation.  The  stem  is  also  fleshy. 
The  first  two  leaves  are  oval  or  sometimes  obovate,  followed  by 
three  which  are  oblong  and  gradually  larger. 

Piper  celtidifolium,  Hamilt.  (fig.  625). 

Hypocotyl  erect,  terete,  glabrous,  5-8  mm.  long. 

Cokjledons  broadly  triangular,  obtusely  cuspidate,  petiolate, 
rather  indistinctly  trinerved,  and  reticulate,  membranous,  gla- 
brous, truncate  at  the  base  or  faintly  inclined  to  be  cordate, 
8'5-9-5  mm.  long,  9'5- 
10-5  mm.  wide ;  petiole 
slightly  channelled  above, 
4  mm.  long. 

Stem  erect,  terete, 
somewhat  zigzag  from 
node  to  node,  glabrous, 
somewhat  striate ;  1st 
internode  undeveloped ; 
2nd  6'5  mm.  long. 

Leaves  simple,  entire, 
cauline,  alternate,  ex- 
stipulate,  petiolate,  three- 
to  five-nerved  from  the  Fig.  m5.—Fiper  celtidifolium.  Nat.  size, 
base,  and  reticulate,  gla- 
brous ;  petioles  channelled  above,  sheathing  the  stem  at  the  base, 
glabrous. 

No.  1.  Cordate,  obtuse,  entire. 

Nos.  2  and  3.  More  elongated  and  more  deeply  auricled  at  the 
base. 
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Peperomia  fernandeziana,  Miq. 

Hypocotyl  short,  fleshy,  tapering  downwards,  glabrous,  marbled 
with  red  on  a  pale  green  ground,  3-6  mm.  long. 

Cotyledons  ovate,  cuspidate,  subacute,  petiolate,  glabrous,  fleshy, 
■without  apparent  venation,  pale  green  ;  lamina  4  mm.  long,  3  mm. 
wide  ;  petiole  1-1-25  mm.  long. 

Stem  somewhat  fleshy,  erect,  terete,  red,  thinly  hairy  with  woolly 
hairs ;  1st  internode  2-3-5  mm.  long,  or  sometimes  scarcely 
developed  ;  2nd  1-7-5  mm.  according  to  the  strength  of  the  plant. 

Leaves  simple,  entire,  cauline,  alternate,  sometimes  opposite, 
exstipulate,  petiolate,  glabrous,  fleshy,  opaque  above  with  the  three 
nerves  scarcely  discernible,  silvery  white  beneath  and  distinctly 
trinerved ;  petioles  shallowly  channelled  above,  thinly  woolly, 
hairy,  narrowed  to  their  insertion  at  the  base. 

Nos.  1  and  2.  Oval,  obtuse,  or  sometimes  subobovate. 

Nos.  3-5.  Oblong,  obtuse,  gradually  larger. 


PROTEACE/E. 

Bentli.  et  Hook.  Gen.  PI.  iii.  165. 


Fruit  and  Seed.— The  ovary  is  superior,  apocarpous,  one- 
celled,  oblique  or  excentric,  with  one,  two,  or  several  ovules. 
The  ovules  are  collateral  when  geminate,  rarely  almost  super- 
posed, or  numerous  and  superposed  in  two  series,  sometimes 
inserted  on  or  close  to  the  apex,  and  superposed,  sometimes 
laterally  affixed,  amphitropous,  or  almost  anatropous,  ascend- 
ing from  the  base  or  descending,  with  the  micropyle  always 
inferior.  The  fruit  is  nutlike  or  drupaceous,  and  indehiscent, 
sometimes  dehiscing  at  last  along  the  inner  margin  or  at  the 
apex,  like  a  follicle  or  capsule.  The  seeds  are  solitary,  twm 
or  few,  flattened,  compressed  or  thickened.  The  testa  is  mem- 
branous or  coriaceous,  and  often  winged  in  a  variety  of  ways. 
Endosperm  is  wanting.  The  embryo  conforms  in  shape  to  the 
seed  excepting  the  wing  when  that  is  present.  The  cotyledons 
are  sometimes  much  flattened  and  equal,  sometimes  much 
thickened  and  unequal.  The  radicle  is  short,  straight,  and 
inferior  or  lateral,  and  often  enclosed  between  the  auricles  of 
the  cotyledons. 
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The  Order  is  divided  into  two  series  according  as  the  fruit 
is  nut-  or  drupe-hke  and  indehiscent ;  or  dehiscent  and  capsular 
or  follicular ;  but  in  the  latter  group  there  are  some  exceptions. 
The  dry  woody  fruits  may  hang  on  the  plants  for  years  before 
bursting  open. 

The  fruit  of  Grevillea  Hilliana  is  a  woody,  one-  to  two-seeded 
follicle,  dehiscing  by  the  separation  of  the  two  carpels.  The 
seed  (fig.  628)  is  oblate,  or  oval,  laterally  much  compressed, 
winged  all  round  and  attached  to  the  placenta  by  one  edge. 
The  chalaza  is  at  the  upper  end  of  the  portion  containing 
the  embryo,  and  the  raphe  pursues  a  circuitous  course  over 
the  wing,  and  then  recurves  towards  the  hilum  below  the 
middle  of  one  edge  of  the  seed.  The  embryo  occupies  the 
whole  of  the  interior,  and  has  broadly  obovate  cotyledons 
tapering  to  the  base  where  they  are  strongly  auricled  in  order 
to  accommodate  the  short  radicle. 

The  fruit  of  Hakea  acicularis  is  broadly  ovoid,  thick- walled 
and  very  woody,  but  dehisces  by  two  valves  when  mature 
and  dry.  When  two  seeds  are  produced  in  a  fruit,  they  are 
semi-obovoid  by  mutual  pressure,  gibbous  on  one  side,  and 
flat  or  slightly  concave  on  the  faces  in  contact.  The  testa 
is  tuberculated  and  black,  and  is  produced  into  a  brown  or 
black,  membranous  and  perforated  wing,  along  one  side  and 
round  the  apex  of  the  seed.  The  wing  is  obliquely  oblong- 
ovate,  about  1-5  cm.  long,  and  1  cm.  wide.  The  cotyledons 
are  obovate,  deeply  auricled  at  the  base,  rather  unequal  in 
thickness  owing  to  mutual  pressure  and  the  peculiar  form  of 
the  seed. 

Seedlings. — There  is  great  variation  among  the  cotyledons, 
due  chiefly  to  the  size  and  shape  of  the  seed  in  which  they  are 
formed,  and  that  again  owes  its  shape  to  the  cavity  of  the 
fruit  and  whether  one  or  two  seeds  are  present.  A  large 
number  of  them  have  cotyledons  varying  between  roundly 
obovate  and  oblong-obovate,  auricled  at  the  base,  sessile  or 
subsessile,  indented  on  one  side  or  having  a  sinus  which  gives 
them  a  falcate  appearance.  The  roundly  obovate  form  is  well 
represented  by  Hakea  acicularis  (fig.  631).  The  presence  of 
the  auricles  is  explained  in  the  account  of  the  seeds  of  Grevillea 
Hilliana.    The  leaves  of  Hakea  acicularis  are  narrowly  linear 
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and  acute ;  the  first  four  are  very  short,  and  all  are  very 
much  narrower  than  the  cotyledons.  In  H.  laurina  the  coty- 
ledons are  obovate  and  considerably  smaller  than  those  of  the 
last. 

The  cotyledons  of  H.  eucalyptoides  are  oblong-obovate  and 
sometimes  indented  on  the  sides.  The  first  five  leaves  are 
lanceolate,  the  two  primary  ones  being  opposite.  The  coty- 
ledons of  H.  florida  are  obovate-oblong  and  subfalcate  owing 
to  the  indentation  on  one  side.  The  cotyledons  of  Grevillea 
HilKana  (fig.  629)  are  obovate,  trinerved,  much  larger  than 
those  of  Hakea  laurina,  but  otherwise  similar.  In  weak  seed- 
lings the  second  and  third  leaves  are  spathulate  and  trifid ; 
but  in  strong  seedlings  the  next  three  at  least  are  cuneate, 
gradually  tapering  to  a  petiole-like  base  and  more  deeply 
trifid.  The  cotyledons  of  Stenocarpus  salignus  are  oblong- 
obovate,  trinerved,  and  differ  slightly  from  the  type  in  havmg 
shorter  basal  auricles  which  clasp  the  axis  horizontally.  The 
first  leaf  is  elliptic  and  entire.  Lambertia  formosa  (tig.  627) 
has  obovate  and  emarginate  as  well  as  auricled  cotyledons. 
The  cotyledons  of  Leucospermum  conocarpum  (fig.  626)  are 
also  emarginate,  but  they  are  unsymmetrical  especiaUy  to- 
wards the  base.  They  are  scarcely,  if  at  all,  am-icled  at  the 
base,  but  a  broad  and  short  petiole-like  piece  forms  a  sort  of 
ligule  clasping  the  axis  in  the  very  early  stages  of  the  seedhng. 
A^third  type  occurs  in  Banksia  australis  (fig.  632)  which  has 
oblong  obhquely  emarginate  cotyledons,  drawn  out  at  the  base 
into  narrow  horizontal  auricles. 

The  cotyledons  of  Grevillea  punicea  differ  in  bemg  longer, 
sometimes  obliquely  emarginate,  sessile  and  connate  at  the 
base  or  perfoliate.  Those  of  G.  linearis  agree  with  the  last 
except  that  they  are  entire. 

A  number  of  types  occur  in  the  Order  which  cannot  be 
classified  with  any  of  the  above.  The  cotyledons  of  Hakea 
multilineata  var.  grammatophylla  are  obovate,  retuse  or  trun- 
cate at  the  apex,  and  auricled  at  the  base. 

The  cotyledons  of  Protea  mellifera  are  obovate,  spathulate, 
entire,  sessile,  fleshy  and  not  auricled  at  the  base.  The  latter 
character  is  unusual  in  the  Order.  The  cotyledons  of  a  species 
of  Roupala  from  Bogota  are  oblong-ovate,  acute,  trinerved  at 
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the  base,  petioled  and  not  auricled  ;  both  the  last  characters 
are  unusual  as  well  as  the  acute  apex. 

The  cotyledons  of  Banksia  speciosa  (fig.  633)  are  obovate- 
oblong,  ascending,  obliquely  truncate  and  crenate  at  the  apex, 
trinerved  and  auricled  at  the  base  with  subulate  auricles 
cohering  with  one  another  and  causing  the  cotyledons  to 
assume  their  ascending  direction. 


Protea  mellifera,  Tlibg. 

HypoGotyl  stout,  erect, 
terete,  3'5-4  cm.  long,  light 
■green  with  a  very  sUght  red- 
dish tinge. 

Cotyledons  thick,  fleshy, 
obovate-spathulate,  obtuse,  en- 
tire, tapering  to  the  base,  but 
scarcely  petiolate,  glabrous, 
green,  indistinctly  one-nerved. 

Stem  erect,  square,  glabrous, 
herbaceous,  ultimately  woody ; 
1st  internode  3-4  mm.  long  ; 
2nd  1-2  mm.;  3rd  and  4th 
8-4  mm. 

;  First  leaves  simple,  entire, 
cauline,  alternate,  spathulate 
or  almost  lanceolate,  acute, 
glabrous,  petiolate  with  the 
petiole  somewhat  decurrent  on 
the  stem,  or  subsessile,  exsti- 
pulate,  subglaucous,  piunati- 
nerved. 

Leucospermum  conooarpum, 
R.  Br.  (fig.  626). 

Bypocotyl  firm,  nearly  te-     ^  ^ 
rete,  2-4  cm.  long,  4  mm.  thick,        "  '^'■~'''TT" 
glabrous,  brownish-green. 

Cotyledons  sessile,  1-5-2  cm.  long,  1-1-25  cm.  wide,  2-3  mm 
thick,  unequal,  obliquely  oblong,  obtuse,  emarginate,  otherwise 
entire  uneven  with  a  broadly  raised  obscure  miilrib,  and  a  thick 
ligule-hke  collar  near  the  base  clasping  the  young  stem  before 
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the  unfolding  of  the  cotyledons,  glabrous,  yellowish-green  above, 
pale  beneath. 

Stem  with  very  short  internodes,  terete,  2-3  mm.  thick,  shortly 
pubescent  at  the  base,  densely  so  towards  the  apex,  not  very  firm, 
light  green. 

Leaves  simple,  entire  or  nearly  so,  cauline,  alternate,  exstipulate, 
sessile,  coriaceous,  densely  hairy  or  villous,  and  excepting  the  mid- 
rib with  an  indistinct  venation. 

Primary  ones  sessile,  1-5  cm.  long,  3-10  mm.  wide,  scattered; 
first  few  small  or  aborted,  acute,  linear,  entire  with  sunk  midrib, 
pubescent  like  the  stem,  bright  green,  with  the  lower  ones  hori- 
zontal, the  others  twisted  forty-five  degrees  or  more  from  the  plane 
of  the  axis  of  leaf,  which  itself  is  at  an  angle  of  forty-five  degrees  to 
the  main  axis. 


Eoupala  sp.  [from  Bogota). 

Hypocotyl  erect,  terete,  glabrous,  pale  green,  7-5-10  mm.  above 

Mjledons  ovate-oblong,  obtuse,  or  subacute,  petiolate,  with  a 
few  alternate,  much  ascending  nerves,  finely  pubescent,  light  green 
above,  paler  beneath  ;  lamina  1-2-1-35  cm.  long,  4-5-5-5  mm.  wide  ; 
petiole  wide,  grooved  above,  convex  on  the  back,  dilated  and  connate 
at  the  base,  2-5-3  mm.  long. 

Stev,  erect,  flexuose,  pale  green,  coarsely  hairy  or  subvillous, 
ultimately  woody  ;  1st  internode  1-5-2-5 mm.  long ;  2nd 5-5-5  mm.; 

3rd  6-7-5  mm. ;  4th  3-8  mm. 

Leaves  in  the  seedhng  stage  simple,  cauhne,  alternate  exstipu- 
late, sessile  or  shortly  petiolate,  alternately  and  ascendmgly  penni-^ 
nei4ed,  hairy  and  scabrous  on  both  surfaces,  hght  green  above 
;!ler  beneath,  and  somewhat  shinmg,  decurrent  on  the  l-t-le  when 
the  latter  is  distinguishable ;  petiole  when  present  short,  deeply 
grooved  or  channelled  above  by  the  upturning  of  the  edges,  semi- 
amnlexicaul,  or  often  almost  surrounding  the  stem. 

No  1  Obovate-cuneate,  acutely  serrate-dentate,  with  gland- 
tipped  teeth,  shortly  petiolate. 

No.  2.  Similar,  larger,  wider,  shortly  petiolate 

No.  3.  Similar,  much  larger,  decurrent  almost  or  quite  to  the 

^"'nos  4  and  5.  Obovate-elliptic,  much  tapered  to  the  base, 
in-egl'rly  obtusely  dentate  or  almost  crenate,  with  the  teeth 
tipped  with  an  abruptly  elongated  gland  or  mucro. 
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Lambertia  formosa,  Sm.  (fig.  627). 

Hypocotyl  erect,  terete,  pale  green  or  red,  glabrous,  9-15  mm. 
above  the  soil. 

Cotyledons  obovate  and  emarginate,  or  almost  quadrangular, 
subsessile,  shortly  auricled  at  the  base,  thick,  subrigid  or  coriaceous, 
glabrous,  opaque,  glaucous-green,  ascending,  more  or  less  revolute 
longitudiually  at  the  margin, 
9-9'5mm.  long,  7-9mm.wide, 
minutely  and  closely  dotted 
with  colourless  spots. 

Stem  erect,  terete,  finely 
pubescent  and  hairy  in  the 
young  state,  scaberulous,  pale 
green  ;  1st  intemode  unde- 
veloped or  varying  up  to  4 
mm.  long;  2nd  4-7  mm. ;  3rd 
6-5-8-5  mm. ;  4th  6-11  mm. 

Leaves  simple,  entire, 
cauline,  opposite  or  in  whorls 
of  three  or  four,  decussate,  ex- 
stipulate,  sessile,  finely  reticu- 
late on  each  side  of  a  strong 
midrib,  sunk  on  the  upper 
and  prominent  on  the  under 
surface,  even  or  undulate 
at  the  margin,  and  always 
slightly  revolute  there,  hori- 
zontal, light  green  above, 
paler  beneath,  hairy  when 
young  and  shortly  and  densely 
glandular-pubescent,  glabres- 
cent. 

First  and  second  pairs  generally  lanceolate,  acute. 

Third  to  nbath  pairs  linear-acute,  cuspidate  or  bristle-tipped, 
shghtly  tapered  to  the  base. 

All  these  figures  and  descriptions  are  very  liable  to  variation. 
Sometimes  the  third  to  seventh  pairs  are  much  shorter,  wider, 
lanceolate  and  cuspidate. 

The  same  numbers  may  be  in  whorls  of  three  or  four,  or  they 
may  not  be  verticillate  till  the  eighth  or  other  higher  nodes  are 
reached. 


Fig.  627. — Lambertia  formosa.   Nat.  size. 
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Grevillea  Hilliana,  F.  Muell.  (fig.  628). 

Ovary  of  one  carpel,  one-celled,  with  two  laterally  afiixed 
ampliitropous  ovules. 

Fruit  a  woody  follicle,  dehiscing  when  mature  with  two  valves, 
one-celled,  one-  to  two-seeded. 

Seed  oblate  or  oval,  l-C-1-8  cm.  long  by  9-10  mm.  wide,  -Qo-'S 
mm.  thick,  obtuse  at  either  end,  much  compressed  laterally  ;  testa 
membranous,  brown,  dilated  into  a  moderately  broad  wing  all  round ; 
tegmen  very  thin,  membranous,  pale-coloured  ;  micropyle  at  one  end 
and  chalaza  at  the  other,  but  within  the  wing  ;  hilum  on  one  side 
below  the  middle ;  raphe  visible  as  a  dark  line  passing  from  the 
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Fro.  628. — Grevillea  Hilliana,  x  2.  A,  longitu- 
dinal section  of  tlie  seed :  H,  hilum ;  Ba, 
rajplie  ;  Ch,  chalaza;  W,  wing;  OT,  testa; 
IT,  tegmen;  C,  cotyledon;  Au,  auricle;  B, 
radicle.  B,  transverse  section :  W,  wing ;  OT, 
testa ;  IT,  tegmen ;  C,  cotyledon. 


Fig.  629. 
Grevillea  Hilliana. 
Nat.  size. 


micropyle  along  one  side  of  the  wing  and  curved  round  to  the  chalaza 
at  the  apical  end  of  the  embryo. 
Endosperm  none. 

Embryo  large,  straight,  filhng  the  cavity  of  the  seed,  colour- 
less ;  cotyledons  broadly  obovate,  truncate,  nearly  or  quite  flat, 
tapering  to  a  cuneate  base,  and  having  unequal  ovate  acute  auricles 
on  each  side  of  the  radicle,  lying  in  the  broader  plane  of  the  seed 
with  their  edges  to  the  placenta,  and  closely  apphed  to  each  other 
face  to  face,  exactly  opposite  or  with  the  laminfe  obhque  to  one 
another;  radicle  shortly  fusiform,  tapering  to  a  subacute  point,  pro- 
jecting a  short  way  beyond  the  cotyledons  and  many  times  shorter. 
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Seedling  (fig.  G29). 

Hypocotyl  woody,  erect,  terete,  pubescent  with  adpressed  up- 
turned, brown  hairs,  2-3-2-9  cm.  long. 

Cotyledons  sessile,  obovate,  rounded  at  the  apex,  auricled  at 
the  base  and  connate,  forming  a  Une  round  the  stem,  trinerved, 
ascending,  coriaceous,  deep  green  above  and  shining,  paler  beneath, 
glabrous. 

Stem  like  the  hypocotyl ;  1st  internode  3-5  mm.  long  ;  2nd 
2  mm. ;  3rd  4*5  mm. ;  4th  and 
5th  each  3  mm. 

Leaves  cauline,  simple,  alter- 
nate, exstipulate,  sessile. 

No.  1.  Always  very  small, 
often  deformed  or  linear-oblong, 
obtuse,  mucronate. 

Nos.  2  and  8.  Cuneate,  and 
tapering  to  a  long  petiole-like 
base,  deeply  tri&d  and  tri- 
nerved in  the  upper  half,  glabrous 
above,  deep  green  and  shining, 
paler  beneath,  and  pubescent 
with  white,  upturned,  adpressed 
silky  hairs  ;  lobes  oblong,  acute, 
or  mucronate. 

Grevillea  linearis,  B.  Br. 
(fig.  630). 

Hypocotyl  erect,  terete, 
woody,  about  8  mm.  above  the 
soil. 

Cotyledons  oblong,  obtuse, 
entire,  sessile,  connate  at  the 
base  and  appearing  perfoliate, 
horizontal  when  full  grown, 
about  8  mm.  long,  and  4  mm.  wide  above  the  middle. 

Stem  erect,  terete,  woody ;  1st  internode  7*5  mm.  long  ;  2nd 
9  mm. ;  8rd  1  cm. 

Leaves  simple,  entire  (at  least  in  the  early  condition  of  the 
plant),  cauline,  alternate,  exstipulate,  sessile,  coriaceous,  thinly 
hairy,  light  green. 

The  seedling  of  Grevillea  punicea,  B.  Br.,  is  very  similar  to  that 
of  G.  linearis. 


Fig.  630. — Grevillea  linearis. 
Nat.  size. 
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Hakea  acicularis,  B.  Rr. 

Ovary  shortly  stipitate,  of  one  carpel,  one-celled,  three-  to  four- 
ovuled  in  specimens  examined;  ovules  parietal  on  the  ventral 
suture,  erect  or  ascending,  anatropous  ;  micropyle  inferior. 

Fmit  a  follicle,  broadly  ovoid,  generally  if  not  always  laterally 
constricted  near  the  apex,  more  or  less  deeply  furrowed  along  the 
ventral  suture,  surface  very  uneven  with  protuberances  and  cavities, 
glabrous,  the  rough  epidermis  often  reticulated  with  cracks  and 
sometimes  falling  off  in  laminae,  dehiscing  when  mature  along  both 
sutures,  exposing  one  or  generally  two  seeds,  and  showing  the  walls 
of  the  fruit  to  be  very  thick  and  bony,  with  a  layer  of  white,  clean, 
close-grained  wood  all  along  the  dorsal  suture,  which  splits  with  a 
nearly  even,  clean  fracture.  This  layer  of  wood  causes  the  fruit  to 
be  of  very  unequal  thickness,  the  dorsal  wall  being  much  the 
thicker. 

Seeds  when  geminate,  semiobovoid,  very  rough,  tuberculated  and 
gibbous  on  one  side,  flat  or  slightly  concave  on  that  towards  the 
other  seed,  glabrous,  black,  obliquely  winged  along  the  ventral  edge 
and  round  the  apex  where  it  is  produced  sometimes  to  the  length  of 
1-5  cm.  and  1  cm.  in  width,  and  narrowed  to  an  obtuse  point, 
thin,  membranous  and  perforated  or  reticulated,  deep  brown,  almost 
black ;  hilum  and  micropyle  basal  at  the  ventral  suture  of  the 
follicle,  contiguous ;  raphe  andchalaza  indeterminable  in  the  mature 
seed. 

Endosperm  absent. 

Embryo  very  large,  filling  the  seed  and  conforming  to  it  in 
shape,  straight,  colourless,  rather  fleshy  ;  cotyledons  obovate,  broadly 
rounded  at  the  apex,  rather  deeply  auricled  at  the  base,  otherwise 
entire,  unequal  in  thickness,  one  being  flat  or  shghtly  concave  on  . 
the  side  next  the  other  seed,  while  the  other  next  the  side  of  the 
foUicle  is  convex  or  gibbous  to  correspond  to  the  cavity  in  the 
follicle,  and  somewhat  depressed  into  little  holes  or  cavities  ;  radicle 
very  short,  turbinate,  obtuse,  scarcely  protruding  beyond  the 
auricles  of  the  cotyledons  and  pointhag  into  the  narrow  base  of 
the  seed. 

Seedling  (fig.  631). 

Hypocotyl  erect,  terete,  stout,  glabrous,  crimson  or  deep  dull 
red,  2-3-2-8  cm,  long. 

Cotyledons  obovate-rotund ;  apex  entire,  acutely  auricled  at  the 
base,  thick,  fleshy,  glabrous,  subsessile,  deep  green  above,  paler  be- 
neath, faintly  five-nerved  on  the  under  side  but  venation  other\\nse 
indiscernible,  often  slightly  unequal  with  about  1  mm.  diflerence  m 
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length  and  width,  1-5-1-2  cm.  long,  and  the  same  at  the  widest  part, 
tapering  downwards  to  the  radicle  ;  petiole  -SS-'S  mm.  long. 

Stem  erect,  terete,  glandular-pubes- 
cent, pale  green,  becoming  red,  and  soon 
becoming  frutescent ;  1st  internode  9-12 
mm.  long ;  2nd  0-1  mm.  ;  8rd  and  all 
succeeding  internodes  very  short  and 
irregular  in  length,  from  0-4  mm.  long, 
seldom  more. 

Leaves  simple,  entire,  cauline,  alter- 
nate, exstipulate,  sessile,  terete  or  acicu- 
lar,  acute  or  tipped  with  a  small  reddish 
spine,  glabrous  except  in  the  shallow 
furrow  corresponding  to  the  midrib  be- 
neath, where  they  are  somewhat  glandu- 
lar-pubescent, shghtly  decurrent  at  the  esi.-Hakea  adcuiaris. 
very  base,  densely  covered  with  minute  Half  nat.  size, 

colourless  points. 

Nos.  1-4  and  sometimes  5.  Small,  subulate,  acute,  or  the  4th 
and  5th  Unear. 

No.  6  and  upwards.  Gradually  longer,  acicular. 

Hakea  laurina,  B.  Br. 

Hypocotyl  more  slender  than  in  H.  acicularis,  3'3-4*5  cm.  above 
the  soil. 

Cotyledons  very  similar  to  those  of  H.  acicularis  but  smaller, 
longer  in  proportion  and  shortly  petiolate,  light  green,  opaque,  with 
faint  indications  of  three  nerves  on  the  under  side  ;  lamina  7-9  mm. 
long,  6-7"5  mm.  wide ;  petiole  semiamplexicaul,  somewhat  grooved 
above,  shghtly  convex  or  nearly  flat  beneath,  -5-1  mm.  long. 

Stem  erect,  terete,  shrubby,  glabrous,  reddish,  slightly  flexuose 
at  least  in  the  young  state  ;  1st  internode  4-6  mm.  long  ;  2nd  un- 
developed ;  8rd  5-7  mm. ;  4th  4-5  mm. 

Leaves  simple,  cauhne,  alternate  (first  and  second  opposite),  ex- 
stipulate,  sessile  and  narrowed  to  the  base  (at  least  in  the  young 
state),  alternately,  ascendingly  incurvinerved,  glaucous  on  both 
surfaces  with  a  sparse  ascending  adpressed  pubescence  (each  hair 
fixed  by  its  middle)  ;  petioles  none. 

Nos.  1  and  2.  Opposite,  lanceolate,  acute,  semiamplexicaul  at 
the  base,  concave  above  or  boat-shaped,  ascending  or  suberect. 

Nos.  3  and  4.  Spathulate-oblong,  acute,  entire,  spreading  longi- 
tudinally. 

Nos.  5-8.  Oblanceolate,  tapering  to  the  base,  much  larger  than 
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those  below  them,  deep  glaucous-green  with  a  reddish  entire  mar- 
gin, ascending  or  spreading  horizontally,  or  by  a  slight  twist  of  the 
base  turned  with  their  edges  more  or  less  vertical. 

Hakea  eucalyptoides,  Meisn. 

Hypocotyl  as  in  preceding  species,  l'5-3  cm.  long. 
Cotyledons  very  like  those  of  H.  acicularis,  light  green,  indis- 
tinctly one-nerved  and  rather  unequal. 

Stem  erect,  terete,  herbaceous,  with  a  feAV  rather  long  hairs, 
ultimately  woody  ;  1st  internode  4-10  mm.  long ;  2nd  3-7  mm. ; 
3rd  6-12  mm. 

First  leaves  lanceolate,  very  similar  to  those  of  H.  laurina,  with 
a  few  rather  long  silky  hairs. 

Hakea  florida,  B.  Br. 

Hypocotyl  short,  -75-2  mm.  long,  Hght  green  or  colourless. 

Cotyledons  thick,  fleshy,  obovate-oblong,  obtuse,  entire  or 
falcate,  cordate  at  the  base,  sessile,  glabrous,  light  green,  rather 
unequal,  indistinctly  one-nerved. 

Stem  erect,  terete,  herbaceous,  ultimately  woody,  pubescent; 
1st  internode  1-2  mm.  long  ;  2nd  1-2  mm. ;  3rd  5-6  mm. 

First  two  leaves  very  small ;  others  oval-oblong,  mucronate, 
dentate,  subsessile,  pubescent,  light  green,  trinerved. 

Hakea  multilineata,  Meisn.,  var.  grammatophylla. 

Hypocotyl  erect,  terete,  green,  soon  becoming  brown,  woody  with 
the  epidermis  becoming  rent  and  thrown  off,  shghtly  pubescent, 
glabrescent,  1-8-2-5  cm.  above  the  soil. 

Cotyledons  cuneate,  sessile,  truncate  or  retuse  at  the  apex, 
tapered  towards  the  base  and  slightly  auricled,  thinly  pubescent  on 
both  surfaces  and  pale  green,  thick  and  subcoriaceous,  9-5-11  mm. 
long,  6-5-7-5  mm.  wide  near  the  apex,  no  venation  discernible. 

Stem  erect,  terete,  somewhat  pubescent  or  hairy,  pale  green  soon 
becoming  brown  ;  1st  internode  4-7  mm.  long ;  2nd  1-2  mm. ;  8rd 
7-10  mm. ;  4th  5-5-7  mm. 

Leaves  sessile,  or  a  few  primary  ones  tapered  to  a  short  petiole, 
trinerved  from  near  the  base,  the  nerves  again  giving  off  strong, 
ascending  branches  in  the  broader  leaves,  reticulate,  pubescent  on 
both  surfaces  with  adpressed  whitish  hairs,  subglabrescent,  coria- 
ceous, thickened  or  somewhat  cartilagmous  at  the  margin,  glaucous- 
green  above  and  paler  beneath  in  the  lower  leaves,  but  coloured 
equally  in  the  upper  leaves  which  become  vertical  by  a  twist  close 
to  their  base. 
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Nos.  1-4.  Oblanceolate,  acute  or  cuspidate,  liorizontal,  tapered 
to  a  narrow  base,  rather  small. 

Nos.  6  and  6.  Obovate-oblong,  cuspidate,  obtuse,  horizontal, 
tapered  to  a  semiamplexicaul  base,  densely  pubescent  at  the  margin 
near  the  base  with  spreading  short  hairs  besides  the  adpressed 
scattered  hairs. 

No.  7.  Vertical  or  horizontal,  otherwise  hke  No.  6. 

Nos.  8  and  9.  Narrower,  more  acuminate,  vertical. 

Stenocarpus  salignus,  B.  Br. 

EypocoUjl  erect,  quadrangular,  glabrous,  light  green,  almost 
colourless  near  the  soil. 

Cotyledons  broadly  obovate-oblong,  obtuse,  entire,  sessile,  with 
pointed  auricles,  rather  thick,  glabrous,  green,  trinerved,  each  nerve 
with  numerous  veinlets. 

Stem  erect,  quadrangular^  rather  downy ;  1st  internode  very 
short. 

Banksia  australis,  B.  Br.  (fig.  632). 

Eypocotyl  woody,  erect,  terete,  glabrous,  green,  soon  becoming 
grey,  about  1*2  cm.  above  the  soil. 

Cotyledons  oblong,  obtuse,  obliquely  emarginate,  sessile, glabrous, 
pale  green,  coriaceous,  drawn  omt  into  a  slender  horizontal  auricle 
at  the  base,  8  mm.  long,  5 
mm.  wide. 

Stem  woody,  erect,  terete, 
densely  covered  with  interlac- 
ing white  hairs  when  young, 
and  less  so  or  becoming 
glabrous  as  it  gets  old,  pale 
green  becoming  brown  ;  1st 
and  2nd  internodes  unde- 
veloped;  3rd  4  mm.  long; 
4th 4-75  mm.;  5th  d'o  mm. ; 
6th  1-5  mm. ;  7th  1  mm. ;  8th 

*5  mm.  Fig.  QiZ'i.—Banlcsia  australis. 

Leaves  simple,  cauline.  Half  nat.  size, 

alternate  or  opposite  or  by  the  suppression  of  the  internodes  verti- 
cillate  or  subverticillate,  exstipulate,  thinly  felted  with  white  hairs 
above  and  a  white  tomentum  beneath,  coriaceous ;  petioles  short, 
channelled  above,  thickened  at  the  base. 

Nos.  1  and  2.  Opposite,  cuneate,  serrate-dentate  above  the 
middle,  1-7  cm.  long. 
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No.  8.  Oblanceolate,  tapering  to  the  base,  serrate-dentate  above 
the  middle  and  tridentate  at  the  apex  ;  teeth  spinous. 

No.  4.  Narrowly  obovate-cuneate,  otherwise  like  the  last. 
No.  5.  Similar,  but  larger. 

No.  6.  Obovate,  cuneate  at  the  base,  otherwise  hke  No.  3. 
Nos.  7  and  8.  Similar,  but  larger ;  No.  8,  6-9  cm.  long. 

Banksia  speciosa,  B.Br.  (fig.  633). 

Hypocotyl  erect,  terete,  glabrous,  stoutest  under  the  cotyledons, 
deep  reddish-crimson,  2-2-5  cm.  above  the  soil. 

Cotyledons  obovate-oblong,  obliquely  truncate  and  crenate  at 
the  apex,  with  almost  straight  and  nearly  parallel  sides,  shghtly 
tapered  to  the  base  where  they  are  auricled  with  subulate,  acute, 

slightly  declining  auricles  connate 
with  those  of  the  other  cotyledon,  tri^ 
nerved,  nerves  incm-ved  and  uniting 
with  one  another  some  distance  below 
the  apex,  deep  opaque  green  above, 
paler  beneath  or  tinged  with  violet, 
glabrous,  sessile,  1*5  cm.  long  on  one 
side  and  1-35  cm.  on  the  other,  1-2 
cm.  wide  at  the  apex,  6  mm.  at  the 
base  exclusive  of  the  auricles. 

Stem  erect,  terete,  hairy,  reddish 
when  young,  ultunately  shrubby;  1st 
and  2nd  internodes  rather  compressed, 
about  -5  mm.  long. 

Leaves  alternate,  alternately  and 
ascendingly  penninerved,  deep  green, 
above  and  densely  hairy  or  almost  ' 
villous,  white  with  tomentum  beneath, 
revolute  at  the  margins ;  petiole  semiterete,  flattened  above,  densely  ] 
hairy  with  jointed  hairs,  somewhat  margined  above  by  the  decurrent 
base  of  the  lamina. 

Nos.  1  and  2.  Cuneate,  piimatifid  with  two,  rarely  three,  tri- 
angular, obtuse,  ascending  coarse  teeth  or  lobes  on  each  side. 


Fig.  633. — Banlcsia  speciosa. 
Nat.  size. 
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THYMEL^ACE/E. 

Benth.  et  Hook.  Gen.  PI.  iii.  186. 

Fruit  and  Seed.— The  ovary  is  superior,  one-celled  and  one- 
ovuled,  or  in  the  tribes  Phaleriese  and  Aquilarie^  two-celled 
with  one  ovule  in  each  cell.  The  ovule  is  inserted  laterally  near 
the  apex  of  the  cavity,  pendulous  and  anatropous  with  a  ventral 
raphe.  The  fruit  is  nut-like,  baccate,  or  drupaceous  and  inde- 
hiscent,  except  in  the  tribe  Aquilarieas.  The  seed  is  solitary,  pen- 
dulous or  laterally  fixed.  The  testa  is  coriaceous  or  rarely  mem- 
branous, with  a  distinct  membranous  inner  layer.  Endosperm 
is  copious  or  scanty  and  fleshy  or  altogether  wanting.  The 
embryo  is  straight,  and  large,  with  fleshy,  often  thick  cotyle- 
dons, while  the  radicle  is  short  and  superior.  Exceptions  from 
the  above  characters  occur  in  two  anomalous  genera,  Octolepis 
consisting  of  a  single  species  with  a  four-celled  ovary  contain- 
ing one  ovule  in  each  cell ;  and  Gonystylus  with  a  four-  or  five- 
celled  ovary,  each  cell  with  one  ovule. 

A  type  of  the  Order  is  represented  by  Daphne  Mezereum. 
The  seed  is  obovoid,  pendulous  and  attached  to  the  placenta  by 
a  broad  flattened  funicle  near  the  apex.  The  tegmen  is  very 
thick,  while  the  endosperm  is  reduced  to  a  thin  layer  investing 
the  large  fleshy  embryo.  The  cotyledons  are  plano-convex, 
and  slightly  auricled  at  the  base,  where  the  short  stout  radicle 
is  situated. 

Daphne  Mezereum,  L. 

Ovary  of  one  carpel,  one-celled,  one-ovuled;  ovule  pendulous 
fi.'om  near  the  apex  of  the  cell,  anatropous  ;  micropyle  superior. 

Fridt  a  berry,  ovoid  or  subglobose,  glabrous,  green  but  becoming 
scarlet  as  it  matures,  and  shining,  one-celled,  one-seeded  ;  epicarp 
and  endocarp  thin  ;  mesocarp  juicy  or  pulpy  and  orange-yellow  or 
scarlet. 

Seed  obovoid,  suspended  by  a  short  funicle  from  near  the  apex 
of  the  cell,  glabrous,  closely  conforming  to  the  interior  of  the  berry  ; 
testa  thin,  membranous,  pale-coloured,  easily  detached  from  the 
much  thicker  and  subcrustaceous  tegmen,  deep  brown,  almost 
black  and  shining  when  fresh,  but  dull  brown  when  dry ;  raplie 
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forming  a  conspicuous  white  line  along  the  ventral  side  of  the  pale 
testa ;  chalaza  apical  and  inferior,  conspicuous,  pale-coloured, 
yellowish-white  ;  hilum  and  micropyle  contiguous,  basal  to  the  seed 
and  superior. 

jEndosperm  in  the  mature  seed  very  scanty,  forming  an  extremely 
thin  yellow  film  or  membrane  over  the  embryo  resembling  a  third 
coating  of  the  seed,  with  a  thicker,  whiter  (yellow  when  dry),  fleshy 
ring  around  the  radicle. 

Embryo  comparatively  very  large  and  almost  filling  the  seed, 
straight,  fleshy,  colourless  ;  cotyledons  hemispherical  or  more  often 
semiovoid,  strongly  plano-convex,  minutely  auricled  at  the  base, 
otherwise  entire,  each  occupying  half  of  the  seed,  lying  with  their 
backs  to  the  raphe,  and  consequently  to  the  placenta,  or  shghtly 
obliquely  to  it ;  radicle  very  short,  turbinate,  obtusely  pointed, 
protruded  about  one-half  to  two-thirds  its  length  beyond  the 
auricles  of  the  cotyledons,  and  lying  in  the  subacute  tip  of  the  seed, 
surrounded  by  a  thickish  layer  of  endosperm,  and  close  to  the 
micropyle. 


EL/EAGNACEiE. 

Benth.  et  Hook.  Gen.  PI.  iii.  203. 

Fruit  and  Seed. — The  ovary  is  superior  but  enclosed  in 
the  base  of  the  perianth,  and  is  one-celled,  one-ovuled.  The 
ovule  is  basal,  erect  and  anatropous.  The  fruit  is  enclosed 
in  the  persistent  base  of  the  perianth  which  becomes  thick, 
fleshy  and  ultimately  baccate,  resembling  in  outward  appear- 
ance a  true  berry.  The  wall  of  the  fruit  proper  is  thm, 
membranous  and  entirely  filled  by  the  large  sohtary  seed. 
The  testa  of  the  latter  is  thickened,  and  crustaceous  or 
hardened.  The  endosperm  is  very  scanty,  and  membranous, 
usually  most  abundant  around  the  radicle,  or  it  may  be  alto- 
gether wanting.  The  embryo  is  large,  straight,  conforming  to 
the  seed,  with  thick  and  fleshy  plano-convex  cotyledons,  and 
a  very  short,  stout,  inferior  radicle. 

The  seed  of  Hippophae  rhamnoides  is  obovoid,  slightly 
notched  at  the  basal  hilum,  and  surrounded  by  a  depressed 
line,  apparently  caused  by  a  ridge  in  the  pericarp  during 
the  early  stages  of  growth.    The  testa  is  of  great  thickness, 
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hard  and  shining  black.  The  embryo  conforms  to  the  seed 
and  is  only  surrounded  by  a  thin  film  of  endosperm  except 
around  the  radicle,  where  endosperm  is  necessary  to  fill  the 
space  owing  to  the  shortness  of  the  auricles  of  the  cotyledons. 
In  the  early  growing  state  of  the  fruit,  the  persistent  base  of 
the  perianth  grows  at  a  rate  proportionate  with  that  of  the 
■  ovary  which  completely  fills  it.  The  testa  is  of  great  thick- 
ness; the  tegmen  covers  a  thick  layer  of  perisperm,  then 
follows  a  thicker  layer  of  endosperm  in  the  embryo-sac,  and 
only  slightly  shorter  than  the  perisperm  just  before  the  fruit 
attains  its  full  size.  The  embryo  at  this  stage  is  half  as  long 
as  the  endosperm,  with  broadly  oval,  thin  plano-convex  coty- 
ledons. The  radicle  is  relatively  long  compared  with  the 
cotyledons.  The  perisperm  and  most  of  the  endosperm  dis- 
appears when  the  embryo  reaches  its  full  size.  The  neck  of 
the  persistent  perianth  is  lined  with  hairs  internally. 

The  baccate  perianth  of  Elteagnus  longipes  is  broadly 
oblong-oval  and  densely  lined  all  over  the  internal  surface 
with  interlacing,  strong,  cottony  hairs.  The  inner  layer  of 
the  perianth  is  also  hardened,  bony,  and  strengthened  with 
numerous  longitudinal  woody  ridges  forming  a  complete 
circle  surrounding  the  true  fruit  which  conforms  to  the  cavity. 
The  seed  is  ellipsoid  in  conformity  with  the  fruit,  and  has  a 
membranous  testa.  The  cotyledons  are  lanceolate,  obtuse, 
deeply  auricled  at  the  base,  so  as  to  occupy  the  space  around 
the  radicle,  plano-convex,  and  completely  fill  the  seed,  endo- 
sperm being  altogether  absent. 

Seedlings. — The  cotyledons  of  Hippophae  rhamnoides 
.(fig.  635)  are  oblong,  obtuse,  entire  in  the  early  stages  but 
ultimately  more  or  less  distinctly  and  irregularly  emarginate, 
sessile,  or  very  shortly  petiolate,  sHghtly  auricled  at  the  base, 
fleshy,  aerial,  somewhat  plano-convex  and  glabrous.  The  leaves 
are  opposite  in  the  seedling  stage,  the  first  pair  being  lanceolate, 
followed  by  three  or  more  pairs  which  are  elliptic  and  obtuse. 
All  are  covered  with  shortly  stalked,  peltate  scales ;  on  the 
adult  the  leaves  are  alternate. 

The  cotyledons  of  Elseagnus  angustifolia  var.  microcarpa 
(fig.  634)  are  oblong,  obtuse,  deeply  auricled  at  the  base  but 
otherwise  entire,  thick  and  fleshy  with  indiscernible  venation. 
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They  differ  from  those  of  Hippophae  rhamnoides  in  being  more 
deeply  auricled  at  the  base,  but  more  especially  in  having 
semiterete  petioles  4-9  mm.  long.  The  first  four  leaves  are 
lanceolate-oblong,  penninerved  and  covered  with  stellate 
scales.  The  first  two  are  opposite,  the  rest  alternate  ;  this 
is  also  the  case  sometimes  with  Elseagnus  hortensis,  where 
the  first  two  are  lanceolate ;  the  cotyledons  exhibit  an  in- 
distinct midrib,  but  are  otherwise  similar  to  those  of  the  last- 
named  species,  except  that  the  petioles  are  shorter. 

Elseagnus  longipes,  A.  Gray. 

Fniit  an  achene,  enclosed  in  the  fleshy  or  baccate  perianth, 
furnished  with  stellate  scales  that  do  not  cover  the  whole^  sur- 
face, yellow  or  nearly  scarlet  when  mature  ;  middle  layer  of  perianth 
juicy  or  pulpy ;  inner  layer  hardened  or  bony  and  strengthened 
with  numerous  longitudinal,  strong,  thickened  ridges,  and  covered 
on  the  inner  face  with  a  dense  interlacing  layer  of  tough  cottony 
hairs  ;  pericarp  thin,  membranous,  tipped  with  the  remams  of  the 

style,  pale-coloured.  ,    .  ^   •      .  ,i 

Seed  ellipsoid,  rather  narrow,  conforming  to  the  mterior  oi  the 
ovary,  which  agam  conforms  to  the  interior  of  the  calyx-tube  ;  testa 
thin,  membranous,  whitish  ;  raphe  passing  along  the  whole  length 
of  the  seed  and  forming  a  conspicuous  ridge  ;  funicle  short ;  chalaza 
apical  and  superior,  conspicuous ;  hilum  and  micropyle  basal,  mfenor, 
contiguous. 

Endosioerm  absent.  ,  ,  •  ,  • 

Embryo  straight,  large  and  occupying  the  whole  mterior  ot  the 
seed  colourless;  cotyledons  lanceolate  or  oblong,  obtuse,  rathgr 
deeply  auricled  at  the  base,  otherwise  entire,  plano-convex  and  each 
occupying  half  of  the  seed,  lymg  with  their  edges  to  the  raphe  (m 
ail  the  specimens  examined) ;  radicle  oblong  or  eUipsoid,  obtuse, 
about  half  its  length  protruded  beyond  the  auricles  of  the  cotyledons 
and  much  shorter  than  the  latter,  occupying  the  narrow  base  of  the 
seed. 

Elaeagnus  angustifolia,  L.,  var.  microcarpa  (fig.  684). 

Hypocotyl  erect,  terete,  glabrous,  rarely  with  a  few  stellate 
scales  pale  green,  3-3-5  cm.  above  the  soil. 

Cotyledons  oblong,  obtuse,  entire  at  the  apex  and  rounded,  deeply 
auricled  at  the  base,  thick,  fleshy,  with  indiscernible  venation,  some- 
^vhat  shining,  pale  opaque  green  above,  bright  green  beneath, 
mostly  glabrous  or  with  stellate  scales  on  the  petioles ;  lamina  1- 
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1>85  cm.  long,  5-7  mm.  wide  ;  petioles  semiterete,  slightly  grooved 
above,  tapering  sliglitly  upwards,  pale  green,  4-9  mm.  long. 

St&m  erect,  terete,  densely  covered  with  stellate  or  radiate  scales, 
ultimately  shrubby ;  1st  internode 
6-9'5  mm.  long. 

Leaves  simple,  entire,  cauline, 
alternate  (first  two  opposite  or  nearly 
so),  esstipulate,  petiolate,  alternately 
and  ascendingly  penninerved,  densely 
covered  beneath  with  stellate  scales, 
and  on  the  upper  side  at  least  in 
the  seedling;  petioles  short,  semi- 
terete,  slightly  grooved  or  merely 
flattened  above,  densely  stellate-scaly 
like  the  leaves. 

Nos.  1-4.  Lanceolate-oblong, 
acute  or  obtuse,  alternately  and 
ascendingly  penninerved,  with  few 
and  indistinctly  visible  nerves  in- 
curving and  uniting  in  a  single  intra-  „ 

,  T  Fig.  634. — ElcBagnus  anqustifolia 

margmal  wavy  hne.  var.  microcarpa.    Nat.  size. 


The  seedUng  of  Elseagnus  hortensis,  M,  B.,  closely  resembles 
the  preceding. 


Hippophae  rhamnoides,  L. 

Fruit  enclosed  in  the  baccate  perianth  ;  pericarp  thin,  mem- 
branous, pale-coloured,  traversed  along  two  sides  with  a  thickened 
yellow  nerve  or  ridge  unitmg  beneath  the  persistent  style  and  also 
at  the  base  of  the  seed,  one-seeded,  indehiscent.  The  baccate  peri- 
anth becomes  enlarged  at  the  base,  and  globular,  ultimately  fleshy, 
pulpy  or  almost  dehquescent  internally. 

Seed  obovoid,  marked  on  two  sides  with  a  vertical  depressed 
line  caused  by  the  ridges  on  the  pericarp,  slightly  unequal  at  the 
base ;  testa  very  much  thickened  and  hardened,  shining  black, 
smooth  ;  hilum  basal  between  the  unequal  lobes  of  the  emarginate 
base. 

Endosperm  in  the  mature  seed  forming  a  very  thin  layer  on  the 
mner  surface  of  the  testa,  except  at  the  base  where  it  forms  a 
thick  sheath  round  the  radicle. 

Embryo  straight,  large,  subobovoid,  fleshy,  occupying  almost  the 
whole  of  the  seed  ;  cotyledons  plano-convex,  closely  occupying  the 
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interior  of  the  seed,  sliglitly  auricled  or  cordate  at  the  base  ;  radicld 
short,  stout,  siibturbinate,  obtuse,  embedded  in  a  thick  layer  of 
endosperm,  close  to  the  hilum  and  pointing  into  the  longer  lobe  of 
the  seed  at  the  base  of  the  fruit. 


Seedling  (fig.  635). 

Hypocotyl  erect,  terete,  pale  green,  glabrous,  about  l*7-2*6  cm. 
above  the  soih 

Cotyledons  oblong,  obtuse,  entire  or  minutely  and  irregularly 
emarginate,  slightly  auricled  at  the  base, 
somewhat  plano-convex,  fleshy,  glabrous,  dull 
^reen  above,  light  green  beneath  and  some- 
what shining,  very  shortly  petiolate,  with  in- 
distinguishable venation,  or  a  midrib  discern- 
ible in  a  younger  state ;  lamina  7-8"5  mm. 
long,  4-5-5"5  mm.  wide  ;  petiole  1-1'25  mm. 
long. 

Stem  erect,  terete,  pale  green,  rough  or 
scurfy  with  scales,  ultimately  woody;  1st 
internode  3  mm.  long ;  2nd  7  mm. ;  3rd 
8"75  mm. 

Leaves  simple,  entire,  cauline,  alternate 
(opposite  in  the  seedling  state),  exstipulate, 
shortly  petiolate,  covered  with  very  shortly 
stalked  scales,  giving  the  leaves  a  silvery 
appearance   on  both    surfaces,  somewhat 
fleshy  and  opaque  in  the  seedling  stage,  alter- 
nately penninerved ;  petiole  channelled  on  the 
upper  side,  convex  on  the  back,  silvery  hke  the 
lamina,  1  mm.  long  in  the  seedling. 
First  pair  lanceolate,  obtuse,  with  the  midrib  only  discernible. 
Second  to  fourth  pairs  elliptic,  obtuse,  showing  a  distmct  mid- 
rib, but  the  few  lateral  nerves  present  are  hardly  discernible  with 
transmitted  light. 


FIG.63B. 

Hippophae  rhamnoides. 
Half  nat.  size. 
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SANTALACEiE. 

Benth.  et  Hook.  Gen.  PI.  iii.  217. 

Fniii  and  Seed. — ^The  ovary  is  inferior  from  the  first,  or 
becomes  so  during  the  flowering  period,  or  in  the  tribe  Antho- 
bolete  the  disc  only  surrounds  it  at  the  base  ;  in  all  cases  it 
is  one-celled.  The  ovules  vary  from  two  to  three,  and  are 
pendulous  from  or  near  the  apex  of  a  central,  filiform  or 
thickened  placenta  ;  or  in  the  Anthobolese  the  ovule  is  solitary, 
central,  basal  and  erect. 

The  fruit  is  nut-like  or  often  drupaceous,  and  is  mdehiscent. 
The  exocarp  is  slender  and  dry,  sometimes  fleshy  or  succulent, 
sometimes  thickened ;  while  the  endocarp  is  crustaceous, 
hardened  or  bony.  The  seed  is  globose  or  obovoid,  and  smooth, 
rugose,  or  deeply  many-furrowed.  The  testa  is  very  thin  and 
not  easily  distinguishable,  or  is  absent  or  apparently  so. 
Endosperm  is  coj^ious  and  fleshy,  often  white.  The  embryo  is 
often  obhque,  not  strictly  central,  short  or  hnear,  very  often 
terete,  and  straight  or  scarcely  incurved.  The  cotyledons  are 
semiterete  or  rarely  slightly  dilated  and  longer  or  shorter  than 
the  superior  radicle.  Sometimes  the  embryo  is  minute  and 
scarcely  discernible. 

Exceptional  cases  occur  in  Cervantesia  and  Santalum  where 
the  ovary  is  superior  or  rarely  immersed  in  the  disc.  The 
endocarp  is  phcate,  and  in  Henslowia  is  intruded  into  furrows 
of  the  seed.  Santalum  ellipticum  may  be  regarded  as  typical 
of  the  Order.  The  fruit  is  obovoid-elliptic  or  subglobular  and 
crowned  by  a  rim,  the  persistent  portion  of  the  calyx.  The  exo- 
carp is  comparatively  thin  when  dry,  and  the  endocarp  is  thick 
and  woody.  The  seed  is  ovoid,  conforms  to  the  interior  of 
the  cavity,  and  is  apparently  without  a  testa.  The  greater 
part  of  it  consists  of  a  mass  of  fleshy  endosperm.  The  coty- 
ledons are  ovate-oblong,  and  in  the  specimen  observed  several 
times  shorter  than  the  radicle.  The  latter  is  very  much 
thicker  than  the  cotyledons  at  its  base,  and  tapers  to  a  slender 
point. 

Seedlinrjs.—The  cotyledons  of  all  the  seedlings  coming 
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under  my  notice  are  narrowly  linear.  Those  of  Osyris  com- 
pressa  (fig.  636)  are  revolute  at  the  edges  and  thus  appear  still 
narrower.  They  are  2-2-25  cm.  long  and  2-2*5  mm.  wide. 
The  leaves  are  opposite,  decussate,  very  closely  arranged  and 
closely  resemble  those  of  a  species  of  Buxus  both  in  size,  shape, 
texture  and  colour.  The  first  two  pau-s  are  lanceolate-elliptic, 
followed  by  at  least  seventeen  other  pairs  which  are  obovate, 
and  generally  cuspidate.  The  cotyledons  of  0.  abyssinica 
are  similar  to  those  of  the  last  and  yellowish-green.  The 
first  pair  of  leaves  are  lanceolate  and  acute. 

The  seedlings  of  Santalum  album  are  very  similar  to 
those  of  the  foregoing  with  respect  to  the  cotyledons  and 
the  mode  of  germination.  The  hypocotyl  is  elongated  and 
in  germinating  carries  up  the  fruit  on  the  cotyledons.  In 
the  case  of  Santalum  at  least  the  cotyledons  often  have  a 
difficulty  in  getting  clear  of  the  fruit  notwithstanding  their 
narrowness,  and  often  become  torn  off  ui  the  process.  Their 
narrowness  appears  to  be  due  to  the  difficulty  of  exit  from 
the  small  opening  of  the  woody  fruit ;  for  there  is  plenty 
of  space  inside  to  allow  of  their  attaining  a  much  greater 
■width. 

Santalum  ellipticum,  Gmid. 

Ovanjinieriov,  one-celled,  two- to  three-ovuled ;  ovules  pendulous, 
anatropous ;  micropyle  superior. 

Fndt  a  drupe,  obovoid-elliptic,  with  four  ridges  at  the  base,  and 
smaller  intermediate  ones,  and  as  many  prominences  near  the  apex 
wliich  is  crowned  with  an  annular  rim,  the  persistent  base  of  the 
perianth,  within  which  it  ends  with  a  conical  point ;  one-ceUed, 
one-seeded,  indehiscent ;  exocarp  comparatively  thm ;  endocarp 
woody,  pale-coloured. 

Seed  conforming  to  the  cavity  of  the  ovary,  and  apparently 

without  a  testa.  .  , 

Endosperm  copious,  fleshy,  white,  constituting  the  greater  part 
of  the  seed,  wrinkled  or  furrowed  longitudinally  when  di-y. 

Embryo  straight,  thin  or  narrow,  less  than  half  the  length  of 
the  seed  (probably  imperfectly  developed),  yellowish  ;  co  yledons 
ovate-oblong,  obtuse,  entire,  sessile,  several  times  shorter  than  t he 
radicle,  and  narrower  than  its  thickest  part ;  radicle  four   o  fi^ 
times  as  long  as  the  cotyledons,  stout  at  the  origin  of  the  cot}  ledous 


SANTALACEyE 


469 


and  tapering  to  a  long  slender  tip  whicli  lies  immediately  within 
the  apex  of  the  endosperm. 

N.B. — In  the  fruit  figured  in  Le  Maout  and  Decaisne,  p.  723, 
the  long  narrow  cotyledons  reach  nearly  to  the  base  of  the  seed  and 
are  twice  the  length  of  the  radicle. 

Osyris  compressa,  DC.  fil.  (fig.  636). 

Hypocotyl  woody,  erect,  terete,  glabrous,  brown,  1-7-2  cm.  above 
the  soil. 

Cotyledons  linear,  obtuse,  rigid,  with  revolute 
margins,  pale  subglaucous-green,  sessile,  2-2-25 
cm.  long,  2-2-5  mm.  wide. 

Stem  woody,  erect,  terete  at  the  base,  quadr- 
angular upwards,  glabrous,  pale  yellowish-  or  sub- 
glaucous-green, ultimately  brown  ;  1st  internode 

1-  85  cm.  long ;  2nd  8-5  mm. ;  3rd  1-1  cm.  ; 
4th  5-5  mm. ;  5th  5*5  mm. ;  6th  4*5  mm. ;  7th 
6  mm. ;  8th  7  mm. ;  9th  1  cm. ;  10th  9  mm. ; 
11th  and  12th  each  6-5  mm.;  13th  and  14th 
each  6  mm. ;  15th,  16th  and  17th  each  7*5  mm. 

Leaves  simple,  entire,  cauline,  opposite,  ex- 
stipulate,  sessile,  thick,  coriaceous,  glabrous,  pale 
glaucous-green,  almost  yellowish,  obscurely  al- 
ternately penninerved. 

First  and  second  pairs  lanceolate-elliptic, 
acute.  • 

Third  to  seventh  pair  inclusive,  obovate,  ob- 
tuse, apiculate  or  minutely  cuspidate,  convex 
above  and  concave  beneath. 

Eighth  to  nineteenth  pair  inclusive,  obovate,  obtuse,  minutely 
cuspidate,  flat. 

Osyris  abyssinica,  Hochst. 

Eypocotyl  stout,  thickened  considerably  near  the  base,  reddish, 

2-  5-2-6  cm.  long. 

Cotyledons  similar  to  those  of  0.  compressa,  light  yellowish- 
green. 

Stem  flattened,  herbaceous,  ultimately  woody,  reddish-green, 
glabrous  ;  1st  internode  2-10  mm.  long  ;  2nd  shorter. 

First  leaves  ovate-lanceolate,  acute,  petiolate,  glabrous 
yellowish-green,  with  a  reddish  tinge  near  the  edges,  indistinctly 
one-nerved. 


Pig.  636. 
Osyris  compressa. 
Half.  nat.  size. 
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Benth.  et  Hook.  Gen.  PI.  iu.  239. 

Fruit  and  Seed. — The  ovary  is  superior,  usually  three- 
celled,  often  two-  to  four-celled,  and  sometimes  one-  or  five-  to 
many-celled.    The  ovules  are  solitary  in  each  cell  or  gemin- 
ate and  coUateral,  pendulous,  anatropous,  inserted  on  axile 
placentas  with  a  ventral  raphe  and  superior  micropyle,  rarely 
having  a  dorsal  raphe  with  the  micropyle  close  to  the  placenta. 
The  funicle  is  very  frequently  developed  into  a  cellular,  scale- 
like, or  hooded  arillode,  sometimes  expanded  and  covering  the 
ovule  wholly  or  in  part.    The  fruit  is  capsular  and  falls  away 
at  maturity  into  as  many  cocci  as  there  are  cells,  leaving  the 
axis  free.    Sometimes  it  is  baccate  or  drupaceous,  divided  into 
cells,  and  indehiscent,  very  rarely  breaking  up  into  two  or 
three  pyrenes  ;  or  it  may  by  abortion  be  one-celled  and  one- 
seeded.    The  exocarp  is  thin  or  thickened  and  fleshy ;  while 
the  endocarp  is  cartilaginous,  crustaceous  or  hardened..  The 
seeds  equal  the  number  of  cells  or  are  fewer  by  abortion; 
they  have  a  crustaceous,  rarely  woody  or  membranous  testa. 
The  endosperm  is  copious  and  fleshy  or  rarely  cartilaginous  or 
papery.    The  embryo  is  central  and  straight,  rarely  incui-ved, 
and  almost  equals  the  endosperm  in  length,  and  sometimes 
in  breadth.    The  cotyledons  are  broad  and  fohaceous,  rarely 
fleshy,  or  narrow  and  semiterete,  very  rarely  thick  and  fleshy, 
or  very  broad  and  twisted.    The  radicle  is  superior,  and  short 
or  rarely  elongated  ;  and  when  the  cotyledons  are  very  broad 
and  auricled  at  the  base,  it  is  mostly  enclosed  or  surrounded 

by  the  auricles. 

The  species  of  Euphorbia  might  also  be  divided  mto  those 
having  pitted,  smooth,  or  tubercular  seeds.  The  seeds  may  be 
divided  into  three  groups. 

The  seed  of  E.  exigua  is  obtusely  tetragonal  and  deeply 
pitted  on  the  two  faces  obliquely  facing  the  placenta.  The 
cotyledons  represent  the  narrowest  type.  They  are  obloug, 
obtuse,  plano-convex,  rather  narrower  and  much  shorter  than 
the  radicle.  The  seed  of  E.  Lathyris  is  shortly  oblong,  shghtiy 


EUPHORBIACE^ 


471 


compressed,  rather  truncate  at  either  end,  and  obHquely  so 
at  the  hilum  where  a  semi-globular  arillode  is  situated.  The 
cotyledons  are  rather  wider  than  in  the  last  case  and  much 
longer  than  the  radicle.  The  latter  condition  is  again  re- 
versed ui  E.  Peplus  in  which  the  radicle  is  twice  as  long 
as  the  cotj^edons.  The  latter  are,  however,  much  wider 
and  oval  with  their  backs  to  the  placenta  as  in  the  three 
previous  cases.  The  seed  is  oblong,  blmitly  ridged  longi- 
tudinally, deeply  pitted  with  circular  depressions,  and  a 
long  furrow  on  each  side  of  the  raphe  on  the  ventral  aspect. 
The  broadly  oval  cotyledons  of  this  species  form  a  con- 
necting link  with  the  next  group. 

The  seed  of  Euphorbia  splendens  is  globose-oblong,  tumid, 
and  covered  all  over  with  small  warts  or  elevations.  The 
embryo  of  this  species  falls  considerably  short  of  the  endo- 
sperm. The  cotyledons  are  plano-convex,  suborbicular,  and 
nearly  as  wide  as  the  endosperm.  The  seed  of  E.  platyphylla 
is  subglobose  and  the  embryo  very  similar  to  that  of  the 
last,  but  the  cotyledons  are  relatively  longer,  and  some- 
what exceed  the  radicle.  The  seed  of  E.  Lagascse  is  oblong, 
terete  and  rather  truncate  at  either  end.  The  cotyledons 
are  broadly  oblong,  and  longer  than  the  radicle.  The  seed 
of  E.  macrorhiza  is  oblong,  compressed,  elliptical  in  trans- 
verse section,  and  truncate  at  both  ends.  The  cotyledons 
are  broad,  short,  oblong  and  about  equal  to  the  radicle  in 
length. 

The  third  type  is  very  distinct  from  either  of  the  foregoing 
as  the  cotyledons  almost  equal  the  seed,  both  in  length  and 
width,  nearly  dividing  the  endosperm  into  halves  as  occurs 
in  Stercuha.  A  good  example  is  that  of  Jatropha  Curcas 
which  has  broadly  oblong  cotyledons  deeply  auricled  at  the 
base  and  almost  completely  enclosing  the  short  stout  radicle. 
They  are  radiately  five-nerved  from  the  base,  with  strong, 
branching  nerves.  The  endosperm  shrinks  when  dry,  and 
the  cotyledons  receding  with  it,  a  hollow  space  is  left  between 
them.  This  peculiarity  is  even  more  marked  in  Hevea 
brasihensis,  where  the  endosperm  is  more  nearly  if  not  quite 
divided  in  half. 

The  cotyledons  are  oblong,  slightly  tapered  to  the  base  in 
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conformity  with  the  seed,  trinerved  and  reticulate.  The  seed 
is  variegated  with  black  blotches  and  markings  on  a  deep  brown 
or  even  a  pale  ashy-grey  ground.  This  is  also  the  case  in 
Kicinus  communis  which  has  ovoid-oblong,  dorso-ventrally 
compressed  seeds  surmounted  with  a  globular  arillode.  The 
cotyledons  are  like  those  of  the  two  previous  species,  but  fall 
a  little  short  of  the  length  and  breadth  of  the  seed.  They  are 
five-nerved  in  the  lower  half  and  closely  reticulated  upwards. 
The  radicle  projects  a  little  beyond  them. 

Seedlings. — A  considerable  number  of  forms  of  cotyledons 
are  found  in  the  Order,  many  of  them  gradually  merging 
one  into  the  other.  Several  occur  in  the  genus  Euphorbia 
itself,  where  also  the  narrowest  types  are  to  be  met  with. 
The  cotyledons  of  E.  Lathyris  are  long,  leafy,  linear  and 
show  the  midrib  only.  The  leaves  are  opposite  and  four  or 
more  of  the  primary  pairs  closely  resemble  the  cotyledons  ex- 
cept in  being  larger,  and  longer.  The  cotyledons  of  E.  exigua 
(fig.  637)  are  linear  or  spathulate -linear  and  closely  resemble 
the  first  ten  leaves  except  in  being  longer.  The  first  pair 
only  are  opposite.  The  cotyledons  of  E.  Peplus  are  oblong- 
linear  and  the  smallest  observed  in  the  Order.  The  leaves  are 
alternate,  except  the  first  pair,  and  vary  between  obovate 
and  obovate-elliptic.  The  bracts  are  broadly  ovate.  The 
cotyledons  of  Buxus  sempervirens  (fig.  639)  are  oblong-lmear 
or  spathulate ;  and  the  first  two  pau's  of  leaves  are  obovate 
or  elliptic. 

The  cotyledons  of  Euphorbia  Lagascse  are  large,  oblong, 
entire  or  slightly  emarginate,  and  penninerved  with  ascend- 
ing lateral  veins.    In  form  and  venation  they  seem  to  stand 

alone.  . 

Those  of  E.  Myrsinites  are  broadly  oval,  entu-e  and  tri- 
nerved. The  first  pair  of  leaves  are  similar,  but  smaller,  with 
more  numerous  ascending  veins.  A  considerable  number  of 
species  have  broadly  oblong-oval  cotyledons  as  typified  by 
Phyllanthus  flaccidus  (fig.  640).  They  also  in  this  instance 
are  trinerved  at  the  base,  and  have  above  several  other, 
long  incurved  nerves.  The  leaves  of  the  seedling  are  very 
similar  but  larger  and  alternate.  The  third  to  the  fifth  on 
the  primary  axis  are  reduced  to  small  scales,  bearmg  m  tbeur 
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axils  leafy  branches.  The  cotyledons  of  Petalostigma  quadri- 
locularis  are  larger  and  taper  slightly  at  the  base  into  hairy 
petioles,  but  are  otherwise  similar  to  those  of  the  last  species. 
The  leaves  are  considerably  smaller,  oval  and  hairy.  The 
cotyledons  of  Phyllanthus  mucronatus  are  very  similar  to  those 
of  its  congener  mentioned  above.  The  first  four  leaves  are 
smaller  and  obovate.  The  cotyledons  of  Euphorbia  hetero- 
phylla  also  conform  to  this  type.  Those  of  E.  platyphylla 
slightly  depart  from  it  in  being  wider  at  the  base,  oblong-ovate, 
and  alternately  penninerved.  The  two  primary  lea,ves  are 
small  and  obovate.  The  cotyledons  of  Mercurialis  annua 
are  similar,  in  being  broadly  oblong-ovate,  but  trinerved  in 
the  lower  half.  The  first  pair  of  leaves  are  comparatively 
large,  ovate,  serrate  and  thinly  hairy. 

The  cotyledons  of  Euphorbia  splendens  (fig.  638)  are  more 
nearly  orbicular  than  those  of  any  other  species  in  the  Order 
coming  under  my  observation.  They  are  also  entire  or  rarely 
slightly  emarginate  and  obscurely  trinerved.  The  first  three 
leaves  are  elliptic,  finely  acuminate  and  closely  penninerved 
with  the  nerves  incurved.  The  hypocotyl  becomes  fleshy  and 
tapshaped  while  the  seedling  is  yet  quite  small  and  has  de- 
veloped but  a  few  leaves.  Probably  the  succulent  and  leafless 
species  would  even  be  more  notable  in  this  respect.  During 
germination  the  seed  is  frequently  carried  up  on  the  cotyle- 
dons, and  their  growth  as  well  as  the  swelling  endosperm 
cause  the  crustaceous  testa  to  split  along  the  greater  part  of 
its  length  exposing  the  endosperm  which  continues  to  cover 
the  cotyledons  for  some  time  till  mostly  absorbed.  The  same 
or  much  the  same  thing  occurs  in  E.  Peplus  and  also  in 
Eschscholtzia  amongst  the  Papaveracese. 

The  cotyledons  of  Acalypha  virginica  are  orbicular,  widely 
and  shallowly  emarginate,  and  trinerved  with  the  primary 
nerves  much  branched.  The  first  pair  of  leaves  are  opposite, 
widely  and  shallowly  crenate.  The  cotyledons  of  Dalechampia 
capensis  (fig.  645)  are  also  orbicular,  sometimes  oblong,  but 
they  are  very  subject  to  malformation,  in  being  undulated, 
erosely  emarginate,  often  oblique  or  irregularly  cut  away  at 
the  base,  or  elsewhere,  and  variously  twisted. 

A  number  of  species  having  more  or  less  succulent  or  fleshy 
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stems  and  large  seeds  are  notable  for  the  great  size  and 
foliaceous  character  of  then"  cotyledons.     Those  of  Eicmus 
communis  (fig.  644)  are  five-nerved,  ovate-oblong  or  oblong, 
the  shape  varying  even  in  the  same  plant.    The  first  two 
leaves  are  ovate,  palmately  seven-nerved  and  lobed  at  the  base, 
with  a  longer  terminal  lobe  and  acuminate.    Every  division 
is  finely  serrated.    Jatropha  podagrica  (fig.  643)  is  notable 
for  its  long  and  succulent  hypocotyl.    The  cotyledons  are 
broadly  oblong,  trinerved,  and  slightly  auricled  at  the  base. 
As  in  other  cases  the  auricles  take  their  origin  in  the  seed, 
when  they  occupy  the  space  on  each  side  of  the  radicle. 
The  first  leaf  is  roundly  ovate,  peltate,  seven-nerved,  very 
blunt  and  entire.    The  cotyledons  of  Jatropha  Curcas  (fig.  642) 
are  rotund-oblong,  entire  or  emarginate,  subauricled  at  the 
base,  and  seven-  to  nine-nerved.    The  first  leaf  is  cordate- 
ovate,  and  coarsely  dentate.     The  second  and  third  are 
cordate,  acuminate,  seven-nerved  and  incipiently  palmately 
lobed. 

A  type  distinct  from  any  of  the  above  is  met  with  in 
Jatropha  multifida.  The  cotyledons  are  large,  obovate,  fleshy, 
and  remain  in  the  seed  which  is  carried  up  by  the  robust  and 
greatly  elongated  hypocotyl.  When  dry  they  are  seen  to  be 
three-  to  five-nerved.  The  first  leaf  is  digitately  seven-lobed ; 
the  second  nine-lobed  ;  and  the  third  and  fourth  seven-lobed. 
The  divisions  of  all  are  pinnatifid,  with  the  ultimate  seg- 
ments subulate,  lanceolate  or  linear.  The  hypocotyl  of  Hevea 
Spruceana  (fig.  641)  is  undeveloped  and  the  cotjdedons  are  sub- 
terranean, remaining  in  the  seed  till  they  decay.  Both  the  seeds 
and  the  cotyledons  are  large,  and  the  latter  are  petiolate  as  was 
the  case  in  Jatropha  multifida,  in  order  to  facilitate  their  exit 
and  that  of  the  plumule.  The  primary  internode  of  the  stem 
varies  from  12-20  cm.  in  length;  but  the  second  one  is  only 
about  3  mm.  long.  The  first  two  leaves  are  opposite,  and 
digitately  trifoliolate,  with  ©blong-lanceolate,  acummate,  en- 
tire, and  finely  penninerved  Iteafiets.  The  third  leaf  is  alter- 
nate, similar  in  form  but  smaller. 

Euphorbia  Lathyris,  L. 

Capsule  trilobed,  glabrous,  glaucous  when  fresh,  three-celled, 
three-seeded,  dehiscing  with  elasticity  and  force  septicidally  and 
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loculicidally  ;  exocarp  thick,  hard  or  subwoody,  separating  from  the 
thin  pale-coloured  endocarp. 

Seed  shortly  oblong,  thick  but  shghtly  laterally  compressed, 
arillate,  somewhat  variegated  with  brown,  sculptured  all  over, 
suspended  from  the  axile  placenta  at  the  apex  of  the  cell ;  testa 
thick  and  crustaceous  ;  tegmen  thin  and  membranous  ;^  hilum 
and  micropyle  superior  on  the-  pendulous  seed  and  contiguous  ; 
raphe  ventral;  chalaza  inferior;  arillode  whitish,  forming  a 
slightly  elevated  cap-  or  shield  on  the^  hilum,  crenate  at  the 
margin  and  having  a  groove  on  its  under  side  to  accommodate  the 
raphe. 

Endosperm  copious,  fleshy,  whitish. 

Embryo  straight,  embedded  in  the  endosperm  and  somewhat 
shorter  than  the  latter  ;  cotyledons  oblong,  obtuse,  entire,  plano- 
convex, closely  apphed  face  to  face,  lying  ui  the  broader  way  of  the 
seed  with  their  edges  to  the  raphe  and  axis,  much  narrower  than  the 
endosperm  but  somewhat  broader  than  the  radicle  ;  radicle  oblong 
or  cylindrical,  obtuse,  about  equalling  the  cotyledons  in  length  or 
shorter,  central  or  lying  somewhat  obhquely  so  as  to  be  in  the  longer 
axis  of  the  seed,  and  pomt  to  the  micropyle  at  one  corner  above  the 
cap-hke  arillode. 

Seedling. 

Primary  root  long,  stout,  tapering,  fleshy,  subflexuose,  with 
fleshy,  flexuose,  lateral  rootlets. 

Hypocotyl  erect,  terete,  fleshy,  glabrous,  purple  and  shining,  with 
a  few  scattered  small  red  protuberances  like  Bilobed  glandular 
processes,  about  8-8  cm.  long,  but  very  variable  according  to  cul- 
tural treatment. 

Cotyledons  long,  foliaceous  and  slightly  smaller  than,,  but  ^Dre- 
eisely  similar  to  the  first  pair  of  leaves,  sessile,  linear,  obtuse,  one- 
nerved,  glabrous,  deep  subglaucous-green  above,  glaucous  beneath, 
subconnate  at  the  base  forming  a  narrow  rim  around  the  stem, 
horizontal,  2'l-5  cm.  long. 

Stem  erect,  terete,  fleshy,  biennial,  glabrous,  glaucous  or  suffused 
with  a  purphsh  tint ;  1st  internode  1-1  cm.  long  ;  2nd  and  3rd  each 
1  cm. ;  4th  6  mm. ;  5th  and  6th  4  mm. 

Leaves  simple,  entire,  cauline,  opposite,  decussate,  exstipulate, 
very  shortly  petiolate  or  subsessile,  horizontal,  deep  subglaucous- 
green  above  with  a  white  midrib,  glaucous  beneath,  very  glabrous, 
linear- oblong,  obtuse,  apiculate,  with  the  upper  ones  wider  and 
longer,  flat  or  the  younger  ones,  slightly  grooved  on  the  upper  side, 
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all  similar  in  shape  to  the  cotyledons  and  first  pair  of  leaves  till 
near  the  inflorescence. 

Bracts  large,  ovate  and  lanceolate,  acuminate,  subcordate  at  the 
base. 


Euphorbia  exigua,  L. 

Fruit  capsular,  falling  away  from  the  persistent  axis  into  three 
two-valved  cocci,  each  containing  one  seed. 

Seed  shortly  oblong,  small,  obtuse- 
ly tetragonous  in  transverse  section, 
glaucous  or  whitish,  and  deeply  pitted 
all  over  the  two  faces  nearest  the  axis ; 
hilum  depressed  at  the  apex  of  the 
ventral  aspect ;  raphe  ventral  on  the 
ventral  angle  ;  chalaza  basal. 

Endosperm  copious,  fleshy  or  al- 
most farinaceous,  white,  surrounding 
the  embryo. 

Embryo  straight,  central,  nearly  as 
long  as  the  endosperm,  but  much 
narrower,  colourless  ;  cotyledons  ob- 
long, obtuse,  entire,  plano-convex, 
much  shorter  than  the  radicle ;  radicle 
cylindrical,  obtuse,  but  narrowed  to 
the  point,  much  longer  than  the  coty- 
ledons and  as  broad  or  slightly  broader 
in  the  middle,  close  to  the  apex  of  the 
endosperm,  and  the  hilum  of  the  seed. 

Seedling  (fig.  637). 

Hypocotyl  glabrous,  bright  green, 
1-8-2-4  cm.  above  the  soil. 

Cotyledons    spathulate-lineax  or 
strictly  linear,  obtuse,  entire,  narrowed 
to  the  base  and  connate,  glabrous, 
glaucous  above,  bright  green  beneath  and  shining. 

Stem  erect,  terete,  glabrous,  bright  green,  annual ;  1st  internode 
7-5  mm.  long  ;  2nd  4-5  mm. ;  3rd  1-5  mm. ;  4th  2  mm. 

Leaves  alternate  (1st  and  2nd  opposite),  entire,  sessile,  narrowed 
to  the  base,  with  a  distinct  midrib  seen  only  by  transmitted  light, 
glabrous,  glaucous  above,  bright  green  beneath. 

Nos.  1-10.    Linear,  subacute,  narrowed  towards  the  base. 


Fig.  637. — Euphorbia  exigua, 
x2. 
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Euphorbia  Peplus,  L. 

Capsule  as  in  E.  Lathyris,  but  the  pericarp  does  not  split  into 
two  distinct  layers  when  mature. 

Seeds  comparatively  small,  oblong,  capped  by  a  small,  white, 
funicular  arillode,  somewhat  angled  longitudinally,  deeply  pitted 
with  circular  depressions  and  a  long  oblong  one  on  each  side  of 
the  raphe  on  the  ventral  aspect,  grey  or  glaucous,  slightly  depressed 
or  truncated  at  either  end  ;  testa  subcrustaceous,  tegmen  thin  and 
membranous  ;  raphe  ventral ;  chalaza  inferior,  orbicular,  and  convex 
or  somewhat  elevated,  and  seated  in  an  apical  depression  ;  hilum  and 
micropyle  superior,  with  the  former  lying  in  a  depression  formed  by 
the  arillode,  and  oval  in  outline. 

Endosperm  copious,  fleshy,  whitish. 

Embryo  comparatively  large,  straight,  colourless,  central,  some- 
what shorter  than  the  endosperm  ;  cotyledons  oblong,  orbicular, 
entire,  plano-convex  or  nearly  flat,  lying  in  the  endosperm  with 
their  backs  to  the  axis  ;  radicle  oblong,  much  narrower  and  also 
longer  than  the  cotyledons,  tapering  somewhat  to  an  obtuse  point, 
which  Ues  close  to  the  micropyle. 

Germination. — The  radicle  pushes  into  the  soil,  fixing  the 
young  plant  there,  and  develops  root-hairs.  The  hypocotyl  arches, 
and  as  it  rises  up  pulls  the  cotyledons  out  of  the  seed,  which  sphts 
irregularly  during  the  process  so  as  to  facihtate  their  exit.  In 
moist  soil  and  a  moderately  high  temperature,  the  seeds  germinate 
in  nine  days. 

On  the  second  day  after  appearing  above  the  soil,  the  lower 
part  of  the  hypocotyl  is  straight  and  stout ;  the  upper  part  is  still 
curved  downwards  and  much  more  slender.  The  cotyledons  im- 
mediately after  leaving  the  seed  are  narrowly  oblong,  obtuse,  entire, 
glabrous,  pale  green,  and  sessile. 

Four  days  after  appearing  above  soil  the  hypocotyl  is  nearly 
straight,  and  the  cotyledons  are  somewhat  larger,  oblong,  obtuse, 
entire  and  very  shortly  petiolate,  with  two  short  lateral  nerves  at  the 
base  and  one  to  two  alternate  ones  upwards. 

Seedling. 

Primary  root  normal,  annual. 

Hypocotyl  pale  green  below,  purple  upwards,  tapering  into  the 
root,  1-9  cm.  long. 

Cotyledons  linear-oblong,  obtuse,  entire,  tapering  into  the 
petiole  which  is  short  and  grooved  above,  8  mm.  long  including  the 
petiole. 

Stem  very  similar  to  that  of  E.  exigua. 
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Leaves  petiolate,  subglaucous-green  above,  glaucous  beneatli, 
obovate  or  varying  to  obovate-elliptic,  obtuse,  sometimes  though 
rarely  emarginate. 

Bracts  broadly  ovate. 

Euphorbia  Myrsinites,  L. 

Hypocotyl  2-3  cm.  long,  light  green. 

Cotyledons  broadly  oval,  obtuse,  entire,  shortly  petiolate,  glabrous, 
dark  green  above,  lighter  beneath,  indistinctly  trinerved. 

Stem  erect,  terete,  herbaceous,  light  green,  glabrous  ;  1st  inter- 
node  3-5  mm.  long  ;  2nd  shorter. 

First  leaves  opposite,  sessile,  entire,  obovate-oblong,  obtuse, 
glabrous,  subglaucous-green,  indistinctly  pinnatinerved. 

Euphorbia  heterophylla,  L. 

Hypocotyl  thicker  towards  the  base,  Hgbt  green  stained  with 
red  towards  the  soil,  1-5-2-25  cm.  long. 

Cotyledons  oblong,  obtuse,  entire,  petiolate,  glabrous,  Ught 
green,  distinctly  pinnatinerved. 

The  seed  splits  transversely  at  the  hilum,  and  the  cotyledons 
have  often  a  considerable  difficulty  in  getting  rid  of  the  testa,  for 
which  purpose  they  are  often  thrown  into  folds. 

The  membranous  remains  of  the  endosperm  frequently  stay  on 
the  cotyledons  long  after  the  testa  has  been  thrown  off. 

Euphorbia  platyphylla,  L. 

Capsule  small,  roundish,  warted,  one-seeded. 

Seed  subrotund  or  obovate,  sHghtly  flattened  laterally,  1-1-25 
mm.  long  ;  testa  crustaceous,  light  brown,  smooth,  sUghtly  thick- 
ened near  the  hilum  ;  hilum  rather  conspicuous. 

Endosperm  copious,  fleshy. 

Embryo  straight,  embedded  in  endosperm  ;  cotyledons  oval  or 
suborbicular,  obtuse,  entire,  plano-convex,  closely  adpressed,  lymg 
in  the  broad  way  of  the  seed  with  their  edges  to  the  axis  ;  radicle 
obtuse,  entire,  terete,  about  equal  in  length  to  the  cotyledons. 

Seedling. 

mjpocotyl  3-4-5  cm.  long,  light  green  or  colourless,  with  often 
a  slight  tinge  of  red  near  the  base. 

Cotyledons  ovate-oblong,  obtuse,  entire,  membranous,  petiolate, 
glabrous,  light  green  and,  like  the  leaves,  indistinctly  pinnati- 
nerved. 
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Stem  erect,  terete,  glabrous  ;  1st  internode  3-4  mm.  long. 
Primary  leaves  entire,  alternate,  obovate,  obtuse,  petiolate,  gla- 
brous, light  green,  subglaucous  beneath,  pinnatinerved. 

Euphorbia  splendens,  Boj. 
Capsule  as  in  E.  Peplus. 

Seed  shortly  oblong,  tumid,  almost  globose,  terminating  at  the 
upper  and  basal  part  in  a  short,  cuspidate,  obtuse  point  which 
corresponds  to  the  micropyle,  covered  all  over  with  little  obtuse 
elevations  or  points,  dull  grey,  suspended  from  near  the  apex  of  the 
placenta  at  the  inner  angle  of  the  cell ;  testa  thick  and  subcrusta- 
ceous  ;  tegmen  thin  and  membranous  ;  hilum  and  micropyle  con- 
tiguous, superior  ;  raphe  ventral ;  chalaza  inferior. 

Endosperm  copious,  fleshy,  whitish. 

Embryo  comparatively  large,  falling  a  httle  short  of  the  endo- 
sperm, in  which  it  is  embedded,  central,  colourless  or  pale  yellow  ; 
cotyledons  subrotmid,  obtuse,  entire,  plano-convex,  lying  in  the 
endosperm  with  their  backs  to  the  axis  or  placenta  (the  diameter  of 
the  seed  being  about  equal  either  way) ;  radicle  oblong,  obtuse,  lying 
in  the  endosperm  with  its  point  close  to  the  micropyle,  equalling  or 
shghtly  longer,  but  much  narrower  than  the  cotyledons. 

Germination. — An  early  stage  shows  the  testa  splitting  deeply 
into  halves  by  the  force  of  growth  of  the  cotyledons,  and  the  swell- 
ing endosperm.  If  only  lightly  covered  the  seed  is  carried  up  by 
the  germinating  embryo.  The  seedling  appears  above  soil  in  about 
thirteen  days. 

Nine  days  after  germination  the  stesta  and  endosperm  are  not 
yet  thrown  off,  but  the  as  yet  very  shortly  petiolate  cotyledons  have 
increased  considerably  in  size,  and  are  now  partly  uncovered.  The 
glabrous  hypocotyl  is  somewhat  flesTiy,  has  increased  greatly  in 
length  and  thickness,  and  is  pale  greenish-yellow. 

Seedling  (fig.  638). 

Primary  root  slender,  tapering,  often  flexuose,  with  a  few  lateral 
rootlets. 

Hypocotyl  fleshy,  erect,  clavate,  tumid,  glabrous,  shining,  pale 
green  or  deep  dull  red  according  to  exposure. 

Cotyledons  rotund,  entire,  petiolate,  obscurely  trinerved, 
rarely  shghtly  emarginate,  glabrous,  deep  subglaucous-green  above, 
paler  beneath ;  lamina  8-5  mm.  long,  7-5  mm.  wide  ;  petiole  flat- 
tened above,  1-5  mm.  long. 

Stem  shrubby,  fleshy,  full  of  latex,  branching,  much  angled 
by  the  long,  stout,  spiny  stipules,  shortly  and  densely  pubescent 
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when  young,  afterwards  subglabrous,  pale  green  or  reddish,  ulti- 
mately brown  or  grey ;  1st  internode  2  mm.  long,  conspicuously 

thinner  than  the  hypocotyl ;  2nd  1  mm. 
long;  3rd  not  developed.  Here  the  first 
season's  growth  seems  to  end. 

Leaves  simple,  entire,  cauline,  al- 
ternate, stipulate,  petiolate,  pubescent 
on  the  midrib  beneath,  otherwise  gla- 
brous, deep  subglaucous-green  above, 
paler  beneath  and  glaucous,  alternate- 
ly penninerved,  with  ascending  nerves, 
curved  at  their  apex  and  joining,  form- 
ing a  loop,  or  obscurely  anastomosing ; 
petioles  short,  pubescent,  grooved  above 
and  rounded  on  the  back ;  stipules 
long,  spiny,  tapering  to  an  acute  point, 
dilated  at  the  base  longitudinally,  and 
compressed  laterally ;  the  colour  of  the 
branch. 

Nos.  1-3.  Elliptic,  acute,  or  apiculate. 

l!u:phorbia  splendem.  Ultimate  leaves   elhptic,  or  oblong- 

Nat,  size.  IT  -I.-        •    1  i 

einptic,  apiculate. 

Euphorbia  macrorhiza,  G.  A.  Mey. 

Fruit  capsular  or  splitting  up  into  three  cocci  separating  from  the 
persistent  axis,  triangular  or  shallowly  trisulcate,  glabrous,  green, 
reticulate,  ultimately  ash-coloured,  and  tipped  with  the  short  per- 
sistent style  and  three  bifid  stigmas  ;  cocci  oblong,  obtusely  tetra- 
gonal, disconnected  along  the  interior  angle,  with  a  round  opening 
near  the  apex  of  that  side,  through  which  the  funicle  or  process  of 
the  placenta  passes,  sometimes  sphtting  along  the  dorsal  suture, 
crustaceous,  brittle. 

Seed  oblong,  elliptica.  n  transverse  section,  hard,  smooth,  tnm- 
cate  at  both  ends,  deep  brown,  shghtly  variegated  with  a  paler 
colour,  crustaceous,  capped  with  a  reniform  deep  yellow  or  orange, 
micropylar  arillode,  the  notch  of  which  stands  over  the  minute  hilar 
spot ;  raphe  ventral,  extending  to  the  ^extreme  base  of  the  seed, 
where  the  chalaza  forms  a  small  circular  depression. 

Endosperm  abundant,  fleshy,  white,  surrounding  the  embryo. 

Embryo  axile,  straight,  with  a  well-developed,  pointed  radicle ; 
cotyledons  flattened,  or  slightly  convex  on  the  back,  short,  oblong, 
obtuse,  entire,  fleshy  ;  radicle  stout,  pointed,  about  equallmg  the 
cotyledons  in  length. 
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Buxus  sempervirens,  L.  (fig.  639). 

Primary  root  long,  tapering,  with  a  few  short,  fleshy,  adventitious 
rootlets. 

HypOGotyl  erect,  terete,  suffrutescent, 
glabrous,  pale  green,  3'3  cm.  long,  1  mm. 
thick. 

Cotyledons  foUaceous,  oblong-linear  or 
spathulate,  obtuse,  glabrous,  deep  green, 
1-3  cm.  long,  3"75  mm.  wide,  tapering  to 
the  base. 

Stem  suffrutescent,  erect,  quadrangular 
from  the  decurrent  lines  from  the  petioles, 
glabrous,  pale  green ;  1st  internode  3  mm. 
long;  2nd  2'5  mm. 

Leaves  simple,  cauhne,  opposite,  decus- 
sate, exstipulate,  shortly  petiolate,  bright 
green,  glabrous,  entire,  evergreen ;  petioles 
slightly  grooved  above,  1  mm.  long. 

First  and  second  pairs  aUke,  obovate  or 
subelhptic. 

Phyllanthus  flaccidus,   TJnoaites  (fig. 
640). 

Eyijocotyl  erect,  terete,  glabrous,  closely 
mottled  with  red  on  a  pale  green  ground, 
l'4-l-6  cm.  above  the  ground,  more  or  less 
^covered  with  minute  crystalline  papillae. 

Cotyledons  oblong-oval,  obtuse,  entire, 
alternately  incurvinerved,  petiolate,  glabrous, 
deep  green,  firm,  horizontal ;  lamina  9-10-5  mm.  long,  4- 5-5-5  mm. 
wide  ;  petiole  biconvex  or  somewhat  flattened  above,  minutely  papil- 
lose, 1-1-5  mm.  long. 

Stem  erect,  terete,  slender  at  this  stage,  glabrous,  mmutely 
papillose,  and  mottled  with  red  on  a  pale  green  ground,  ultimately 
woody ;  1st  internode  9-11  mm.  long  ;  2nd  4-6  mm,  ;  3rd  4-5  mm.  - 
4th  6-5-7-5  mm. 

Leaves  simple,  entire,  cauline,  alternate,  stipulate,  petiolate, 
scattered  on  the  primary  stem,  and  distichous  on  the  lateral  branches, 
alternately  incurvinerved  and  reticulate,  glabrous,  revolute  at  the 
margm,  minutely  dotted  with  pale  grey  on  a  deep  green  ground, 
.^'laucous  beneath ;  stipules  minute,  triangular- subulate,  acute,  pale 
green,  or  pinkish,  hyaline  at  the  margin ;  petioles  terete,  smooth 

1 1  ' 


Fig.  689. 

Suxus  sempervirens. 
Nat.  size. 
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mottled  with  red,  about  2  mm.  long  on  the  primary  stem  and 
1  mm.  long  on  the  lateral  branches. 

Nos.  1  and  2.  Oval  or  subelliptic,  obtuse 
at  both  ends. 

Nos.  3-5.  Reduced  to  small  subulate, 
acute  teeth,  similar  to  the  stipules  in  shape 
and  size  or  nearly  so,  bearing  ia  their  axils 
horizontal,  leafy  branches. 

Leaves  on  the  lateral  branches  simUar 
to  the  primary  ones  but  smaller,  oval  or 
elHptic,  obtuse. 


Fig.  640. 
Phyllanthus  flaccidus. 
Half  nat.  size. 


Petalostigma  quadriloculare,  Milll.  Arg. 

Hypocotyl  erect,  terete,  glabrous,  hght 
green,  3-5  mm.  long. 
Cotyledons  oval,  obtuse,  entke,  tapering  at  the  base  to  the 
petiole,  glabrous,  dark  green,  paler  beneath,  1-8-2  cm.  long  in- 
cluding the  petiole,  which  is  slightly  hairy  beneath,  9-11  mm.  wide  ; 
midrib  sending  off  numerous  ascending  veinlets  as  in  the  leaves. 

Stem  herbaceous,  erect,  terete,  pubescent,  Hght  green  ;  1st  inter- 
node  2  cm. ;  2nd  rather  shorter,  about  1-1-3  cm.  long. 

Leaves  simple,  entire,  cauHne,  alternate,  petiolate,  with  short 
hairy  stipules,  pubescent  on  both  surfaces,  oval  to  obovate,  obtuse, 
light  green,  somewhat  reflexed  ;  midrib  prominent  with  numerous 
ascending  veinlets,  1-2-1-3  cm.  long,  7-8  mm.  wide. 

Hevea  brasiliensis,  Milll.  Arg. 

Ovary  of  three  carpels,  three-ceUed,  three-ovuled ;  ovules  pen- 
dulous, anatropous ;  micropyle  superior. 

Fruit  a  capsule,  large,  splitting  into  two-valved  cocci ;  epicarp 
rather  fleshy  ;  endocarp  woody,  thick. 

Seed  pendulous,  anatropous,  oblong  or  roundish,  large,  glabrous, 
obtusely  angled  on  the  ventral  aspect  m  conformity  with  the  mner 
angle  of  the  fruit,  convex  on  the  back,  marked  with  black  dots  and 
irregular  blotches  on  a  pale  or  dark  brown  or  ashy  ground ;  hiluin 
oblong  or  elhptical,  nearly  superior  on  the  ventral  aspect ;  raphe 
ventral,  lying  m  a  furrow  on  the  central  or  rather  inner  angle  of  the 
seed,  longitudinal,  separable  from  the  testa;  chalaza  at  the  lower 
end  of  the  seed ;  radicle  superior,  close  to  the  micropyle  whicb 
occupies  the  centre  of  the  upper  end;  testa  crustaceous  or  woody, 
tough  or  strong  but  breaking  with  a  clean  transverse  fracture; 
tegmen  soft,  spongy,  pale  grey. 

Endosperm   abundant,    fleshy,    completely  surrounding  the 
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embryo,  but  thinnest  at  the  sides,  yellowish  or  creamy  white,  3  mm. 
wide  on  the  ventral  and  dorsal  faces. 

Embryo  straight,  large,  colourless  ;  cotyledons  thin,  slightly 
curved  at  the  sides  and  running  through  almost  the  whole  length 
of  the  seed,  closely  apphed  with  their  backs  to  the  placenta,  but  so 
far  apart  internally  (at  least  when  dry)  as  to  leave  an  ellipsoid  hollow, 
1  cm.  wide  and  4-4-5  mm.  deep,  oblong  in  outline,  with  a  distinct 
midrib,  trinerved  for  the  lower  two-thirds,  and  then  alternately  pemai- 
nerved,  obtuse  or  subtruncate  at  the  apex,  cordate  at  the  base. 

Hevea  Spruceana,  Milll. 
Arg.  (fig.  641). 

Primary  root  very  strong, 
long,  and  tapering  down- 
wards. 

Hyjpocotyl  very  short, 
stout,  subterranean,  glabrous, 
pinkish  and  mottled  with 
yellow. 

Cotyledons  very  large  and 
wide,  petiolate,  subterranean 
and  remaining  in  the  seed  till 
they  decay  after  absorbing  the 
endosperm ;  petioles  flattened 
above,  convex  on  the  back, 
dUated  and  semi-amplexicaul 
at  the  base,  glabrous,  green, 
of  unequal  lengths  when  the  position  of  the  seed  during  germinatioir 
necessitates  it  for  the  convenience  of  exit  of  the  plumule  ;  the 
longer  10-5  mm.  long  ;  the  shorter  7-5  mm. 

Stem  erect,  subcompressed  in  the  young  state,  glabrous,  deep 
dull  green,  soon  becoming  woody  ;  1st  internode  12-20  cm. ;  2nd 
about  3  mm.  long. 

Leaves  compound,  cauline,  alternate  (first  two  opposite),  stipu- 
late, petiolate,  with  the  leaflets  subsessile  or  narrowed  to  a  very 
short  petiolule,  alternately  incurvinerved,  reticulate,  entire,  glabrous 
somewhat  shining  or  glossy,  deep  olive-green  on  the  upper  surface' 
suftused  with  a  glaucous-purple  beneath  (at  least  when  young)  • 
stipules  small,  subulate,  acute,  pale  green,  interpetiolar  in  the 
pnmary  pair ;  petioles  subterete,  stout  or  dilated  at  the  base  and 
tapering  upwards,  narrowly  channelled  on  the  upper  surface,  deen 
ami  green,  glabrous. 

Nos.  1  and  2.  Opposite,  digitately  trifoliolate  ;  leaflets  oblong- 

1 1  2 


Fig.  641. — Hevea  Spruceana. 
One-fourth  nat.  size. 
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lanceolate,  acuminate,  suddenly  narrowed  at  tlie  base  into  a  short 
petiolule,  but  not  articulated  with  the  rachis,  unequal ;  middle  one 
longest  and  slightly  the  widest. 

No.  8.  Alternate,  similar  to  the  first  two  but  apparently  on  a, 
much  smaller  scale,  and  at  the  end  of  a  very  short  internode. 

Jatropha  Curcas,  L. 

Ovary  of  three  carpels,  three-celled,  three-ovuled ;  ovules  pen- 
dulous, anatropous  ;  micropyle  superior. 

Fruit  a  capsule,  ovoid,  blunt  at  both  ends,  tipped  with  the 
persistent  base  of  the  style,  with  six  shallow  longitudinal  farrows 
(at  least  when  dry)  denoting  the  dorsal  and  ventral  sutures  of  the 
carpels,  more  or  less  reticulate,  three-celled,  three-seeded,  falling 
away  in  two-valved,  one-seeded  cocci ;  endocarp  hardened  or  woody. 

Seed  large,  oblong, 
blunt  at  both  ends,  shghtly 
dorsally  compressed,  and 
very  obtusely  subtrigonous, 
glabrous,  brown,  shal- 
lowly  sculptured  aU  over ; 
testa  crustaceous,  generally 
thickest  on  the  ventral 
aspect,  and  at  each  end; 
tegmen  thicker,  harder 
and  pale  brown ;  micropyle 
nearly  or  quite  superior; 
hilum  near  the  upper  end 
on  the  ventral  aspect  and 
contiguous  to  the  micro- 
pyle; raphe  ventral;  cha- 
laza  inferior,  large,  and 
thickened  internally. 

Endosperm  copious, 
fleshy,  white,  nearly  divided 
longitudinally  into  halves 
by  the  embryo. 

Embryo  straight,  large, 
nearly  equal  in  length  and  breadth  to  the  endosperm,  colourless; 
cotyledons  large,  flat,  oblong,  obtuse,  deeply  cordate  at  he  base, 
palmately  five-nerved  and  somewhat  ^'^ticulate  by  branches  hom 
the  main  nerves,  adhering  to  the  endosperm  winch  shrmks  wue 
dry,  leaving  a  hollow  space  in  the  middle;  radicle  short,  stou*. 


Fio.  Q,i^.—Jatro]alia  Curcas. 
Half  nat.  size. 
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oblong,  obtuse,  almost  surrounded  by  the  auricles  of  the  coty- 
ledons, imbedded  in  the  endosperm,  close  to  the  micropyle. 

Seedling  (fig.  642). 

Hypocotyl  erect,  stout,  succulent,  glabrous,  smooth,  pale  green, 
sHghtly  tapering  upwards  from  8-9  mm.  thick,  3*5  cm.  long. 

Stem  stout,  succulent,  green,  glabrous,  shining  ;  1st  internode 

1-  1  cm.  long;  2nd  2-8  cm.;  3rd  6  mm. 

Cotyledons  roundish-oblong,  obtuse,  entire,  or  emarginate,  sub- 
auricled  at  the  base,  palmately  seven-  to  nine-nerved  and  reticulate, 
grass  green  above,  paler  beneath,  glabrous,  6  cm.  long  and  5  cm. 
wide,  petiolate  ;  petiole  B'2  cm.  long,  dilating  upwards  to  the  lamina, 
grooved  on  the  upper  side,  with  a  bud  ui  one  of  the  axils. 

Leaves  cauline,  alternate,  stipulate,  petiolate,  simple. 

No.  1.  Cordate-ovate,  acuminate,  distantly  and  irregularly  den- 
tate-serrate, with  the  serratures  mucronate,  palmately  nine-nerved, 
grass  green  above  and  glabrous,  except  in  the  sinus  which  is  slightly 
hairy,  paler  beneath,  with  very  prominent  nerves ;  petiole  nearly 
terete  or  slightly  flattened  on  the  upper  side  towards  the  lamina, 
pale  green,  glabrous,  8"6 
cm.  long  ;  stipules  small, 
subulate,  acute,  almost 
filamentous. 

No.  2.  Cordate,  acumi- 
nate, somewhat  angled, 
but  scarcely  lobed,  coarsely 
dentate,  palmately  nine- 
nerved  ;  petiole  terete, 
otherwise  like  the  first. 

No.  3.  Similar  to,  but 
smaller  than  the  second. 

Jatropha  podagrica, 
Eooh.  (fig.  643). 

Hypocotyl  thickened 
upwards  from  5  mm.  at 
the  base  to  8  mm.  near 
the  apex,  7  cm.  long. 

Co^ZeioTCS  broadly  ob-  pio.  UZ.— Jatropha. podagrica. 

long,  rounded  at  the  apex,  Half  nat.  size, 

obeoletely  auricled  at  the  base,  palmately  trinerved,  3'1  cm.  long, 

2-  2  cm.  wide,  glabrous  and  smooth;  petiole  1-5  cm.  long,  semiterete, 
channelled  on  the  upper  side,  red. 
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Leaves  cauline,  alternate,  stipulate,  petiolate,  simple. 

No.  1.  Peltate,  entire  ;  lamina  rotmidly  ovate  in  outline,  obtuse, 
entire,  radiately  seven-nerved  and  reticulate,  pale  green  above,  deeply 
glaucous  or  whitish  beneath,  glabrous  ;  petiole  erect,  terete,  smooth, 
tapering  from  3  mm.  at  the  base  to  2  mm.  in  thickness  near  the 
apex,  5  cm.  long,  pale  green  suffused  with  red  on  the  basal  half ; 
stipules  multifid,  tipped  with  glands. 

Jatropha  multifida,  L. 

Hypocotyl  woody  and  somewhat  fleshy,  erect,  terete,  glabrous, 
■glaucous-green  mottled  with  grey,  varying  in  length  from  9-5  cm. 
to  more  above  the  soil,  stout,  tapering  from  the  base  upwards. 

Cotyledons  large,  fleshy,  remaining  in  the  seed  till  it  is  exhausted, 
when  the  whole  becomes  dry  and  drops  away ;  petiole  about  1-3  cm. 
long  ;  lamina  when  removed  from  the  dry  seed  1-6  cm.  long,  1-15  cm, 
wide. 

Stem  succulent,  soon  becoming  woody,  tapering  upwards  and 
more  slender  than  the  hypocotyl,  deep  green  suffused  with  a 
glaucous  bloom,  and  mottled  with  Httle  white  protuberances;  1st 
internode  1  cm.  long  ;  2nd  3  mm.  ;  3rd  6-5  mm. ;  4th  undeveloped, 
bringing  the  third  and  fourth  leaf  opposite,  but  this  is  not  a  constant 
characteristic. 

Leaves  simple,  digitate,  cauline,  alternate,  stipulate,  petiolate, 
intense  green  above  with  white  or  pale  midribs  to  the  primary  and 
secondary  segments,  glaucous  beneath  with  very  prominent  mid- 
ribs, glabrous  ;  petioles  terete,  glabrous,  glaucous,  tapermg  upwards 
from  a  stout  base  ;  stipules  cut  into  slender,  branching,  bristle-hke 
processes,  pale  green  or  colourless. 

No.  1.  Digitately  seven-lobed  ;  lobes  lanceolate  in  outhne,  pin- 
natifid  with  irregular  sized,  subulate,  acute,  aristate  segments; 
basal  pair  of  lobes  small  with  a  large  segment  on  the  basal,  anterior 
side  ;  middle  lobe  somewhat  deformed. 

No.  2.  Digitately  nine-lobed  ;  lobes  lanceolate  in  outline,  deeply 
and  irregularly  pinnatifid  ;  basal  lobes  very  small ;  ultimate  seg- 
ments subulate,  attenuate,  aristate. 

Nos.  3  and  4.  Digitately  seven-lobed ;  lobes  lanceolate  in  out- 
line, tapering  to  both  ends  or  lanceolate- elliptic  ;  basal  lobes  with  a 
large  posterior  and  basal  segment ;  ultimate  segments  subulate, 
attenuate  or  linear,  and  mostly  aristate. 

No.  5.  Similar  to  three  and  four,  but  sometimes  without  large 
segments  at  the  posterior  and  basal  side  of  the  basal  lobes. 

°  Ultimate  leaves  varying  in  size,  and  seven-  to  ten-  or  more 
lobed,  with  irregularly  pinnatifid  or  pinnatipartite  secondary  din- 
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sions,  the  longer  of  which  are  hnear,  acute,  aristate ;  the  shorter 
subulate. 

Mercurialis  annua,  Miill.  Arg. 

Hypocotyl  erect,  quadrangular,  glabrous,  4-6  cm.  long,  light 
green  or  colourless. 

Cotyledons  ovate  or  subrotund,  obtuse,  entire,  petiolate  with 
rather  long  petioles,  glabrous,  light  green,  trinerved  at  the  base 
with  the  midrib  dividing  into  two  branches  near  the  centre  of  the 
leaf. 

Stevi  erect,  quadrangular,  herbaceous,  glabrous  ;  1st  internode 
5-6  mm.  long  ;  2nd  considerably  shorter. 

First  leaves  simple,  cauline,  opposite,  decussate,  petiolate,  stipu- 
late, ovate,  acute,  serrate  or  crenate,  rather  hairy,  light  green,  dis- 
tinctly pinnatinerved ;  stipules  apparently  persistent,  small ;  petioles 
short,  channelled  on  the  upper  side. 

In  two  out  of  eight  specimens  there  were  three  cotyledons,  and- 
the  first  leaves  were  verticiUate  in  whorls  of  three. 

Acalypha  virginica.  Mull.  Arg. 

Hyioocotyl  erect,  terete,  minutely  pubescent,  1*5-3  cm.  long, 
light  green  or  colourless,  stained  with  red  near  the  base. 

Cotyledons  orbicular,  obtuse,  sHghtly  emarginate,  petiolate, 
glabrous  or  with  a  few  minute  hairs  on  the  edges  and  petioles,  dark 
green,  trinerved  with  the  principal  veins  much  branched. 

Stem  with  primary  internodes  but  slightly  developed. 

First  leaves  simple,  cauhne,  opposite,  ovate,  obtuse,  crenate- 
serrate,  hairy,  pinnatinerved,  shortly  petiolate,  stipulate.  Sub- 
sequent leaves  alternate. 

Ricinus  communis,  L. 

Ovary  as  in  Jatropha. 

Friiit  dry,  trilobed,  three-seeded,  breaking  up  into  three  two- 
valved  cocci. 

Seed  ovoid-oblong,  dorso-ventrally  compressed,  l-5-l"65  cm. 
long,  9-10  mm.  wide  ;  testa  crustaceous,  shining,  marked  with  deep 
shining  brown  on  a  grey  ground ;  raphe  ventral ;  chalaza  at  the 
base  of  the  ventral  aspect ;  micropyle  superior,  forming  a  large, 
white,  emarginate  process,  separated  from  the  rest  of  the  seed  by  a 
constriction  ;  hilum  apical  on  the  ventral  aspect,  almost  concealed 
by  the  micropyle. 

Endosperm  abundant,  fleshy  or  oily,  white,  surroundhig  the 
embryo. 
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Embryo  straight,  flat,  very  large,  central,  colourless  ;  cotyledons 
broad,  oblong,  obtuse,  falling  a  little  short  of  the  whole  length  of 
the  seed,  alternately  penninerved  and  reticulate,  slightly  cordate  at 
the  base,  adhering  to  the  endosperm  and  separated  from  one 
another ;  radicle  short,  stout,  oblong,  obtuse,  extending  beyond  the 
cotyledons  for  about  half  its  length  ;  plumule  inconspicuous. 

Seedling  (fig.  644). 

Primary  root  a  succulent 
taproot,  not  very  long,  with 
many  thick,  colourless,  lateral 
rootlets. 

Eypocotyl  10-15  cm.  long, 
S'5-5  mm.  thick,  succulent, 
terete,  glabrous,  reddish. 

Cotyledons  with  a  chan- 
nelled, glabrous,  glandular 
petiole  3  cm.  long,  2'5  mm. 
broad,  1*5  mm.  thick,  and  an 
entire  lamina,  oblong  in  one 
and  ovate-oblong  in  the  other, 
roimded  or  subcordate  at  the 
Fig.  &ii.-Bicinus  communis.  base,  very  obtuse  at  the  apex, 

One-fourtli  nat.  size.  about   8   Cm.  long,    4-5  Cm. 

wide,  palmatinerved  at  the  base,  glabrous,  thinly  succulent,  bright 
green  above,  paler  beneath.  The  disparity  of  the  cotyledons  is  pro- 
bably accidental  in  the  specimen  sketched. 

Stem  very  short  at  first ;  1st  internode  5  mm.  long,  haK  as  thick 
as  the  hypocotyl,  sHghtly  compressed,  glabrous,  dark  green. 

Leaves  simple,  cauline,  alternate,  with  glandular  stipules,  petio- 
late,  pahnately  seven-  to  many-nerved  and  -lobed  especially  at  the 
base,  with  the  lobes  alternately  nerved  upwards,  reticulated,  serrate, 
glabrous,  deep  green  above,  paler  beneath. 

Nos.  1  and  2.  About  6  cm.  long  at  first  by  8  cm.  wide,  palmati- 
lobed  at  the  base  ;  terminal  lobe  about  4  cm.  long  by  nearly  2  cm. 
wide,  acuminate,  subpeltate  at  first,  but  splittuig  at  the  base  after 
some  time  so  as  to  render  it  truly  palmati-lobed  and  -nerved,  ob- 
tusely serrate  and  mucronate,  glabrous,  fleshy  but  thin,  bright  green 
above,  paler  beneath. 

Dalechampia  capensis,  Spr.  fil.  (fig.  G45). 
HyjMcotyl  2-7  cm.  long,  1-1-5  mm.  thick,  terete,  with  a  short, 
spreading  pubescence. 
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Cotyledons  rotund  or  rhomboid,  oblique,  sometimes  emarginate, 
undulated  or  twisted,  and  frequently  very  unequal  at  the  base, 
palmately  trinerved,  with  sometimes  irregular  secondary  nerves, 
reticulate,  pubescent,  and  somewhat  sca- 
brous above,  glabrous  below  except  on  the 
nerves. 

St&m  terete  or  shghtly  angled  on  two 
sides,  soft,  densely  covered  with  long  and 
short  spreading  pubescence ;  1st  inter- 
node  1-5-3  cm.  long  ;  2nd  shorter. 

Leaves  opposite  and  alternate,  cauline, 
stipulate,  petiolate. 

Nos.  1  and  2.  Palmately  three-  to 
five-nerved,  and  coarsely  serrate-dentate 
or  lobed,  with  obtuse  teeth  ending  in  a 
minute  mucro ;  lamina  more  or  less 
triangular  with  a  cordate  base,  pubescent 
above  and  on  the  nerves  beneath,  and 
having  two  short,  cylindrical  glands  in 
the  basal  sinus ;  petiole  terete,  channelled 
above,  hirsute,  8  mm.  long  ;  stipules  contiguous,  small,  subulate, 
acute,  patent,  pubescent. 

No.  3.  Alternate,  deeply  trilobate,  palmately  five-nerved,  cordate 
at  the  base,  pubescent  above  and  on  the  nerves  beneath  ;  lateral 
lobes  oblong,  obhque,  obtuse,  mucronate,  distantly  serrate  along  the 
posterior  margin,  with  one  to  two  teeth  towards  the  apex  on  the 
anterior  margin,  irregularly  penninerved ;  terminal  lobe  subelliptic, 
obtuse,  mucronate,  penninerved  with  two  to  three  serratures  on  each 
side. 


Fig.  645. 

Dalechampia  cwpensis. 
Half  nat.  size. 


URTICACEiE. 

Benth.  et  Hook.  Gen.  PI.  iii.  341. 

Fruit  and  Seed. — The  ovary  is  superior  or  more  or  less 
inferior  in  a  few  genera,  and  always  consists  of  a  single  carpel, 
which  is  one-celled  and  one-ovuled,  or  the  ovule  is  rarely 
accompanied  by  another,  the  growth  of  which  however  is  soon 
arrested.  It  is  inserted  on  a  basal  or  nearly  basal  placenta, 
is  erect  or  ascending,  and  orthotropous,  very  slightly  amplii- 
tropous ;  sometimes  it  is  inserted  at  or  near  the  apex,  and  is 
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penduloup,  anatropous  or  shortly  ampliitropous  ;  the  micropyle 
is"  always  superior.  The  fruit  is  one-seeded,  indehiscent,  and 
generally  small,  sometimes  an  achene  and  dry,  fleshy  or  succu- 
lent, free  or  included  in,  or  adnate  to  the  perianth  ;  sometimes 
it  is  a  drupe  and  free,  or  it  consists  of  numerous  carpels,  im- 
mersed or  sunk  in  a  fleshy  receptacle  or  surrounding  the  thala- 
mus and  densely  aggregated  or  united,  forming  a  compound 
fruit  as  in  the  Mulberry.  The  seed  is  erect,  pendulous  or  late- 
rally attached  and  conforms  to  the  cavity  of  the  fruit ;  the  testa 
is  membranous  or  rarely  crustaceous.  Endosperm  is  wanting 
or  forms  a  thin  layer  surrounding  the  embryo,  and  occupying 
its  sinus  in  some  cases  when  it  is  sometimes  unilateral.  The 
embryo  is  straight  or  curved,  and  fleshy  with  a  short  or  minute, 
superior  radicle.  Sometimes  the  cotyledons  are  variously 
unequal,  folded,  or  involute,  with  a  superior  radicle,  or  the 
latter  is  again  curved  downwards  and  incumbent. 

Exceptional  cases  occur  where  endosperm  is  copious  and 
fleshy,  as  in  a  few  species  of  Trema,  in  Parasponia,  in  the 
tribe  Cannabinese,  in  Morus,  Bosquiea,  Sceptrocnide,  Parie- 
taria,  Urtica  dioica,  Cypholophus,  Thelygonum,  and  in  a  few 
species  of  other  genera. 

One  of  the  simplest  types  of  embryo  is  that  occurring  in 
Parietaria  officinalis.  The  seed  closely  conforms  to  the  ovoid 
fruit  and  contains  a  large  quantity  of  endosperm  surrounding 
the  straight  embryo,  which  has  oval  cotyledons,  longer  than 
the  radicle.  The  achene  of  Urtica  dioica  (fig.  650)  is  ovoid 
and  laterally  compressed  with  a  smaller  quantity  of  endosperm 
surrounding  the  embryo.  The  cotyledons  are  orbicular,  emar- 
ginate  owing  to  a  thickening  at  the  chalaza,  and  longer  than 
the  radicle. 

A  distinct  type  occurs  in  Cannabis  sativa  where  the  achene 
is  oval  and  the  seed  which  conforms  to  it  has  a  small  quantity 
of  endosperm  between  the  radicle  and  the  oval,  plano-convex, 
•incumbent  cotyledons. 

A  still  more  complicated  type  is  met  with  in  Celtis  occiden- 
tahs.  The  fruit  is  a  somewhat  fleshy  drupe,  one-  or  sometimes 
two-seeded,  with  a  bony  endocarp.  The  seed  is  campylotropous, 
inserted  near  the  top  of  the  cavity,  and  when  two  are  present, 
they  are  collateral.    The  endosperm  occupies  a  small  space 
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on  the  ventral  aspect  of  the  seed  in  the  folds  of  the  embryo. 
The  latter  occupies  the  dorsal  aspect  round  which  it  is  curved 
with  the  radicle  incurved  and  abutting  with  its  tip  against 
the  ventral  aspect.  The  cotyledons  are  broadly  oblong,  deeply 
emarginate  or  bifid  at  the  apex,  more  or  less  folded  transversely 
and  also  deeply  infolded  at  the  apex  in  order  to  accommodate 
themselves  to  the  interior  of  the  seed.  The  apical  fission  facili- 
tates the  foldmg.  They  are  trinerved  in  the  lower  half,  and 
while  yet  in  the  seed  auricled  at  the  base,  but  by  subsequent 
growth  they  become  cuneate. 

A  fourth  type  is  met  with  in  Humulus,  which  has  a  spirally 
coiled  embryo.  The  seed  is  nearly  globular,  but  slightly 
elongated  at  either  end,  and  contains  in  H.  japonicus  a  small 
quantity  of  endosperm  alongside  the  tip  of  the  radicle  and 
a  smaller  portion  in  the  centre  of  the  coiled  embryo.  The 
radicle  is  terete  and  considerably  elongated.  The  cotyledons 
are  incumbent,  and  the  inner  has  one  coil  more  than  the  outer 
so  that  after  germination  they  are  of  equal  length.  The 
outer  one  makes  about  two  complete  coils,  and  the  inner  one 
three  coils.  The  seed  of  H.  Lupulus  is  exalbuminous ;  the 
embryo  is  coiled  in  a  similar  way  to  the  last.  When  spread 
out  the  cotyledons  in  both  cases  are  linear  and  plano-convex, 
or  more  or  less  compressed  in  the  middle  according  to  the 
pressure  to  which  the  different  portions  are  subjected. 

Seedlings. — About  seven  different  types  of  cotyledons  have 
come  under  my  observation.  The  simplest  type  occm's  in 
Conocephalus  niveus  (fig.  649)  which  has  very  small,  orbi- 
cular, petiolate  cotyledons.  The  first  pair  of  leaves  are  very 
small,  ovate  and  entire  ;  the  second  pair  are  roundly  ovate 
and  sHghtly  toothed  near  the  top  and  trinerved ;  the  third 
pair  are  cordate-ovate,  trinerved  and  serrate. 

The  cotyledons  of  Urtica  dioica  are  somewhat  larger  than 
those  of  the  last,  rotund,  emarginate,  pubescent  above,  tri- 
nerved and  petiolate.  Laportea  urens  is  somewhat  similar  but 
has  larger  cotyledons  showing  a  midrib  only.  The  first  leaf 
is  roundly  ovate ;  the  second  much  larger,  cordate  and  inserted 
almost  on  the  same  level ;  the  third  is  similar  to  the  last 
but  larger.  The  cotyledons  of  Girardinia  palmata  (fig.  651) 
are  comparatively  large,  obovate-rotund,  emarginate,  trinerved 
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at  the  base  with  a  second  pair  of  strong  nerves  given  off  from 
the  middle,  and  all  the  four  laterals  are  incurved  at  their 
apices.  The  first  two  leaves  are  opposite,  trinerved,  ovate 
and  serrate-dentate.  The  third  and  fourth  are  r otun d- ovate; 
all  are  covered  with  coarse  stinging  hairs  projecting  at  right 
angles  to  the  surface.  The  cotyledons  of  Dorstenia  Contra- 
jerva  (fig.  647)  are  rotund,  emarginate,  rarely  oval,  subtruncate 
at  the  base  and  trinerved.  The  primary  leaves  are  cordate, 
trinerved,  distantly  dentate,  and  serrate.  They  show  a  ten- 
dency to  become  trifid  ;  and  the  leaves  of  the  adult  are  three- 
to  five-lobed.  A  slight  divergence  from  this  type  is  shown  by 
Ficus  bengalensis  (fig.  648)  which  has  roundly  ovate,  emar- 
ginate and  trinerved  cotyledons  close  to  the  ground  owing 
to  the  shortness  of  the  hypocotyl.  The  first  two  leaves 
are  opposite,  ovate  and  obscurely  crenate,  while  the  third  and 
fourth  are  alternate,  and  ovate  with  a  cordate  base. 

A  third  type,  represented  by  Maclm-a  aurantiaca,  has 
oblong-oval,  entire  and  somewhat  penninerved  cotyledons. 
The  two  primary  leaves  are  opposite,  lanceolate,  acuminate, 
obtuse  and  penninerved. 

A  rather  distinct  type  occurs  in  Celtis  occidentalis  (fig.  646) 
which  has  oblong,  deeply  emarginate,  trinerved  cotyledons, 
cuneate  at  the  base  and  tapering  into  a  short  petiole.  The 
cause  of  the  emargination  has  been  described  above  as 
due  to  folding.  In  Urtica  dioica  (fig.  650)  it  was  due  to  a 
thickening  at  the  chalaza  inside  the  seed,  and  is  doubtless 
augmented  by  unequal  growth  subsequent  to  germination. 
Two  of  the  primary  leaves  are  opposite,  ovate,  trmerved, 
serrate  and  symmetrical  at  the  base.  The  four  succeeding 
ones  are  much  larger  and  wider  but  otherwise  similar.  The 
ultimate  leaves  are  unequal  at  the  base,  somewhat  resembling 

those  of  the  Elm. 

The  cotyledons  of  Cannabis  sativa  are  unequal,  obovate- 
spathulate,  sessile  and  trinerved.  The  longer  cotyledon  varies 
from  1-4-1-6  cm.  in  length  and  5-6  mm.  in  width,  while  the 
shorter  one  is  1-1-3  cm.  long  and  5*5-6  mm.  wide.  Their 
shape  and  inequality  are  due  to  their  being  incumbent  in  the 
seed.  The  larger  one  occupies  the  periphery  of  the  seed 
and  is  curved,  while  the  smaller  lying  between  the  long  one 
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and  the  radicle  has  less  space  to  develop.  The  first  two 
leaves  are  opposite  as  in  many  previously  mentioned  species, 
lanceolate  and  serrate  ;  but  in  vigorous  seedlings  a  pair  of 
lobes  is  developed  at  the  base.  The  second  pair  are  digitately 
tripartite  with  lanceolate,  serrate  divisions,  the  middle  one  of 
which  is  much  the  largest.  The  third  and  fourth  pairs  are 
digitately  four-  to  five-partite  with  lanceolate  segments ;  and 
the  ultimate  leaves  have  numerous  lanceolate,  acuminate, 
radiating  segments.  The  cotyledons  of  C.  gigantea  are  downy, 
but  otherwise  similar  to  those  of  C.  sativa.  The  first  two 
leaves  are  lanceolate- oblong,  while  the  second  pair  are  deeply 
tripartite  at  the  base,  with  the  terminal  segment  much  the 
largest. 

The  cotyledons  of  Girardinia  heterophylla  differ  from  those 
of  Cannabis  in  bemg  relatively  wider,  emarginate,  petiolate 
and  alternately  penninerved,  and  from  Urtica  dioica  in  shape, 
venation  and  their  much  greater  size.  The  two  primordial 
leaves  are  opposite,  oblong  and  coarsely  serrate.  The  coty- 
ledons of  Forskohlea  viridis  are  relatively  narrower  than  those 
of  the  last,  and  pubescent,  but  otherwise  resemble  them.  The 
two  first  leaves  are  opposite,  lanceolate  and  distantly  serrate. 

The  seventh  type  is  represented  by  Humulus  japonicus, 
which  has  linear,  obtuse,  or  acute  cotyledons,  shghtly  connate 
at  the  base,  and  showing  a  sunk  midrib  only.  They  are  also 
finely  glandular-pubescent,  equal  in  length,  and  2-8-3  cm. 
long  by  2-5-8  mm.  wide.  The  stipules  are  interpetiolar,  and 
the  two  from  adjoining  leaves  are  connate  into  one  blunt  piece. 
The  two  first  leaves  are  trifid,  and  the  two  following  five-lobed 
and  five-nerved. 

Celtis  occidentalis,  L. 

Pisiii  syncarpous,  superior  ;  ovary  one-celled,  one- sometimes  two- 
ovuled,  surmounted  by  the  deeply  bi-fid  or  -partite  style ;  ovules 
subapical,  pendulous,  campylotropous,  collateral  wlien  two  are 
present ;  radicle  dorsal,  superior,  close  to  the  apex  of  the  cell, 
elongated. 

Fruit  a  rather  fleshy  berry  or  drupe,  ovoid,  slightly  oblique  and 
tipped  with  the  short,  persistent,  hardened  base  of  the  style,  one- 
celled,  one-  sometimes  two-seeded,  deep  green  when  young,  becoming 
pale  or  yellowish  ultimately  slightly  reddish,  glabrous ;  mesocarp 
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rather  fleshy,  deep  green,  ultimately  somewhat  pulpy  ;  endocarp 
bony,  forming  a  smooth,  hollow  sphere,  with  which  the  seed  con- 
forms. 

Seed  suspended  from  one  side  slightly  below  the  apex,  globose 
with  a  prominent  projecting  micropyle  close  to  or  at  the  apex  of 
the  carpel,  albuminous  ;  testa  thin,  white  when  young  or  immature, 
marked  with  a  semitransparent  spot  on  the  opposite  side  of  the 
hilum  from  the  radicle ;  hilum  small,  orbicular,  somewhat  promi- 
nent. 

Endosperm  fleshy,  white,  originally  occupying  the  whole  seed, 
but  as  the  ovary  grows  becoming  more  and  more  pushed  towards 
the  hilum  of  the  fruit  with  a  considerable  mass  in  the  concave  face 
or  hollow  formed  by  the  cotyledons. 

Embryo  fleshy,  colourless,  straight  at  first,  then  becoming  con- 
cave on  the  side  towards  the  placenta,  and  increasing  till  it  attains 
the  length  of  the  fruit ;  the  ends  of  the  cotyledons  then  curve  up 
the  other  side  of  the  seed  towards  the  hilum,  the  apical  halves 
become  folded  upon  each  other  longitudinally,  and  the  tips  some- 
times transversely  folded  ;  the  cotyledons  also  become  emarginate 
at  a  very  early  age,  when  they  are  shortly  oblong,  rounded  at  the 
base,  subsequently  elongating  and  becoming  obovate-oblong,  deeply 
emarginate  or  bifid,  cordate  at  the  base  and  trinerved,  with  the 
midrib  forking  close  to  the  sinus,  one  branch  entering  each  lobe  of 
the  cotyledon. 

Seedling  (fig.  646). 

Primary  root  long,  tapering,  flexuose,  and  giving  off  numerous 
rootlets. 

Hypocotyl  woody,  erect,  terete,  pubescent,  pale  green,  about 
4  cm.  long. 

Cotyledons  oblong,  deeply  emarginate,  cuneate  at  the  base, 
shortly  petiolate,  three-  or  obscurely  five-nerved  from  the  base  with 
the  midrib  forking  and  one  fork  going  to  each  of  the  apical  lobes, 
mmutely  pubescent,  deep  green  above,  paler  beneath,  1-7  cm.  long 
including  the  petiole,  7  mm.  wide. 

Stem  woody,  erect,  terete,  hispid  and  pale  green,  ultimately 
forming  a  large  tree ;  1st  internode  9-13  mm.  long  ;  2nd  1-4  cm. 

Leaves  simple,  caulme,  alternate  (first  two  opposite),  stipulate, 
petiolate,  coarsely  hairy  and  pubescent  or  hispid,  ultimately  glabrous 
or  nearly  so,  alternately  penninerved  and  reticulate,  phcate  in  verna- 
tion, and  covered  in  the  young  unfolding  condition  with  clear, 
crystalline,  dot-like  glands  pellucid  in  the  seedling  plant  owing  to 
the  thinness  of  the  leaves  ;  petiole  short,  terete,  hairy,  articulated 
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with  the  stem ;  stipules  oblong-subulate,  hairy,  hyaline,  caducous, 
sometimes  though  rarely  half-ovate,  subfohaceous,  somewhat  per- 
sistent in  the  adult  tree, 

Nos.  1  and  2.  Opposite,  ovate,  acummate,  coarsely  serrate,  tri- 
nerved  in  the  lower  half,  with  the 
small  stipules  parallel  and  in  close 
contiguity,  equal  at  the  base. 

Nos.  3  and  4.     Similar,  but 
larger. 

No.  5.  Somewhat  unequal  at 
the  base,  otherwise  Hke  the  rest, 
cut  away  on  the  posterior  basal  side. 

The  fruit  and  seedling  of  Celtis 
australis,  L.,  are  described  by 
Tubeuf  (1.  c.  pp.  54  and  115).  They 
are  very  similar  to  those  of  C. 
occidentahs,  but  the  cotyledons  of 
C.  austrahs  are  wider  and  rhom- 
boidal  in  shape  with  a  shallower 
emargination.  The  first  pair  of 
leaves  are  similarly  longer  and 
narrower  and  acuminate. 

Tubeuf  also  figures  and  describes 
(p.  53)  fruits  of  several  species  of 
TJlmus,  and  also  a  seedling  typical 
for  the  genus  (p.  115).  He  says: 
'  The  cotyledons  resemble  in  shape  Pig.  Celtis  ocddentalis. 
those  of  Carpinus  Betulus  ;  they 

are  obovate,  petiol-ate,  with  two  basal  auricles  1-7  cm.  long  (not 
including  the  petiole)  and  almost  as  wide ;  they  are  thick,  fleshy,  green 
above,  whitish  beneath,  with  a  venation  not  at  all  or  with  difficulty 
discernible,  and  are  slightly  hairy  above  with  an  entire  margin.  The 
first  leaves  are  almost  sessile,  alternate,  show  a  midrib  and  side 
nerves,  are  coarsely  hairy  like  the  stem,  coarsely  serrate,  and  acute.' 

Humulus  Lupulus,  L. 

Pistil  syncarpous,  superior ;  ovary  one-celled,  one-ovuled,  sur- 
mounted by  the  short  style  and  two  linear  stigmas ;  ovule  pen- 
dulous, campylotropous,  attached  to  the  apex  of  the  cell ;  micro- 
pyle  superior,  close  to  the  hilum. 

Fruit  an  achene,  broadly  ovoid,  compressed  antero-posteriorly, 
in  the  axil  of  an  accrescent  bract  which  folds  over  it  with  one  oblique 
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basal  side,  covered  except  at  the  tip  with  yellow  granulose,  viscid, 
highly  odorous  glands,  purplish  and  finely  netted  before  maturity, 
afterwards  pale  brown  or  grey,  sometimes  tipped  by  the  two  stigmas 
when  nearly  mature. 

Sead  pendulous  from  the  top  of  the  fruit,  subobovoid,  slightly 
compressed,  with  a  ridge  containing  the  radicle  running  along  the 
side  opposite  to  the  raphe,  pale  brown,  smooth,  somewhat  shining, 
exalbuminous ;  hilum  raised  and  somewhat  prominent  on  one 
edge  of  the  seed,  a  deeper  brown  than  the  rest ;  testa  brittle ; 
tegmen  greenish  and  subfleshy,  marked  by  the  coils  of  the  embryo 
and  deeply  impressed  by  the  radicle. 

Embryo  in  the  mature  seed  spirally  twisted  and  occupying  the 
whole  interior,  fleshy  and  colourless  ;  cotyledons  incumbent,  spirally 
rolled  over  one  another  with  their  edges  towards  the  edges  of  the  seed 
and  surmounted  by  the  cyUndrical,  obtuse  radicle,  linear,  obtuse, 
slightly  narrowed  to  the  base,  4-5  mm.  long,  1  mm.  wide  at  the 
apes  ;  radicle  2  mm.  long. 

Humulus  japonicus,  Sieh.  et  Zucc. 

Achene  with  thin  membranous  pericarp,  and  thicker  endocarp, 
globose. 

Seed  globose,  conforming  to  the  shape  of  the  achene,  shghtly 
flattened,  4-4-25  mm.  in  diameter  ;  testa  hard,  crustaceous  ;  tegmen 
almost  imperceptible,  smooth;  hilum  inconspicuous. 

Endosperm  reduced  to  a  fine  fihn  surrounding  the  embryo, 
greenish. 

Embryo  spirally  coiled,  colourless,  fiUing  nearly  the  whole  seed  ; 
cotyledons  as  in  H.  Lupulus  ;  radicle  terete,  obtuse,  incumbent  on  the 
back  of  the  cotyledons  and  about  as  long. 

Seedling. 

Primary  root  tapering  gradually  downwards,  and  giving  off 
fibrous  lateral  rootlets. 

Hypocotyl  erect,  terete,  glabrous,  reddish,  3-6-25  cm.  long,  and 

more  or  less  tinted  with  red. 

Cotyledons  hnear,  entire,  obtuse  or  acute,  sUghtly  connate  at 
the  base,  very  shortly  and  finely  pubescent  with  hairs  which  become 
glandular  when  fully  developed,  with  a  distinct  midi-ib  sunk  on  the 
upper  surface,  and  prominent  beneath,  2-8-3  cm.  long  and  2-5- 
3  mm.  wide. 

Stem  ultimately  twining  round  some  support,  with  the  mter- 
nodes  undeveloped  in  the  seedling  stage.  _ 

Leaves  simple,  cauline,  opposite,  stipulate,  petiolate,  hairy  ana 
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glundiilar  ;  stipules  of  each  pair  interpetiolar  and  connate  into  one 
blunt  or  truncate  piece  ;  petiole  semiterete,  channelled  on  the  upper 
Surface. 

First  pair  tri-fid  or  -lobed. 

Second  pair  palmately  five-nerved  and  -lobed. 

Cannabis  sativa,  L.  ' 
Fndt  an  achene. 

Seeds  orbicular  or  oval,  1*5-2  mm.  in  diameter  ;  testa  smooth, 
greenish-brown  ;  hilum  inconspicuous. 

Endosperm  thin,  surrounded  by  the  embryo,  fleshy,  greyish- 
■white. 

Embryo  curved  or  rounded  on  itself,  surrounding  the  endosperm, 
colourless  ;  cotyledons  oval,  obtuse,  plano-convex,  closely  adpressed  ; 
radicle  terete,  obtuse,  lying  close  to  the  hilum,  superior,  slightly 
longer  than  the  cotyledons. 

Seedling. 

Primary  root  tapering  downwards,  flexuose,  fibrous. 

Hyijocotyl  erect,  terete,  pubescent,  soon  becoming  firm  and 
woody,  3-5  cm.  long. 

Cotyledons  unequal,  obovate-spathulate,  tapering  downwards, 
blunt,  sessile  and  shghtly  connate  at  the  base,  erect  for  some  way 
above  the  base  and  then  recurved,  pubescent  on  the  upper  surface, 
with  a  distinct  midrib  and  two  lateral  nerves  arising  from  the  base, 
which  unite  with  other  two  nerves  arising  about  the  middle  of  the 
cotyledon  and  run  to  the  apex  ;  longer  cotyledon  1'4-1'6  cm.  long, 
5-6  mm.  wide  ;  shorter  one  1-1-3  cm.  long,  5*5-6  mm.  wide. 

Stem  erect,  terete,  striated,  hairy,  herbaceous  or  subwoody  ;  1st 
internode  1-8-2-5  cm.  long  ;  2nd  longer. 

Leaves  simple,  digitate  (first  pair  merely  serrated),  cauline, 
opposite,  stipulate,  petiolate,  distinctly  penninerved  with  ascending 
nerves,  hairy  on  the  upper  surface  and  on  the  nerves  beneath ; 
stipules  small,  subulate  or  linear,  acute,  slightly  hairy ;  petioles 
semiterete,  hairy,  channelled  above. 

First  pair  lanceolate,  obtuse,  bluntly  serrate,  sometimes  with 
two  lateral  lobes  at  the  base. 

Second  pair  digitately  tripartite,  with  lanceolate  obtuse  and 
obtusely  serrated  segments  ;  terminal  segment  much  the  largest. 

Third  pair  digitately  four-  or  five-partite  with  lanceolate  acu- 
minate segments. 

Fourth  pair  digitately  five-partite. 
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Madura  aurantiaca,  Nutt. 

Hypocotyl  erect,  terete,  glabrous,  4-5  cm,  long,  light  green. 

Cotyledons  rather  fleshy,  oblong-oval,  obtuse,  entire,  shortly 
petiolate,  glabrous,  shiny,  dark  green  above,  paler  beneath,  pinnati- 
nerved  like  the  leaves.^ 

Stem  erect,  terete,  herbaceous,  ultimately  woody,  covered  with 
stout  hairs  ;  1st  internode  8-12  mm.  long. 

First  lemes  simple,  entire,  cauline,  opposite,  lanceolate,  acumi- 
nate, acute,  covered  with  minute  hairs,  light  green,  pinnatinerved ; 
petioles  short,  channelled,  hairy  ;  stipules  smaU,  deciduous. 

Dorstenia  Contrajerva,  L.  (fig.  647). 

Hypocotyl  erect,  terete,  pale  green,  6-10  mm.  long,  pubescent. 

Cotyledons  rotund,  rardy  oval,  emarginate,  subtruncate  at 
the  base,  trinerved,  glabrous,  variable  m  size,  5'5-9  mm.  long, 
7-9-5  mm.  wide;  petiole  sHghtly  channelled  above,  pubescent, 

3-4  mm.  long.  .    .   a  i 

Stem  herbaceous,  stout,  fleshy,  very 

short  with  scarcely  developed  intemodes, 
forming  a  perennial  rootstock. 

Leaves  simple,  cauline,  alternate, 
stipulate,  petiolate,  deep  green  above, 
thinly  hairy,  paler  beneath  and  pubes- 
cent especially  on  the  nerves,  five-nerved 
on  the  basal  half  and  alternately  nerved 
upwards;  petioles  pubescent,  terete  and 
channelled  towards  the  apex;  stipules 
subulate,  obtuse,  green,  pubescent. 

No.  1.  Cordate,  subacute,  five-  to 
seven- angled,  and  five -nerved,  thinly 
and  obscurely  dentate  between  the 
angles. 

No.  2.  More  decidedly  angled  and 
dentate. 

Ultimate  leaves  deeply  trilobed; 
middle  lobe  rhomboid  or  triangular-ovate,  acuminate  strongly  Jn- 
nerved  and  reticulate,  with  an  angle  or  shallow  lobe  about  the 
middle  on  each  side,  and  obscurely  dentate  along  the  ma  g^^^^^^ 
lateral  lobes  obhquely  ovate,  acute,  strongly  bmerved  and  reticu 
with  one  of  the  nerves  running  into  a  small  lobe  on  the  obhque 

^"^>  Tubeuf,  1.  c.  p.  114,  describes  the  cotyledons  as  roundly-elliptic,  and  from 
1-7  cm.  long. 


Fir.  647. 
Borstenia  Contrajerva. 
Nat.  size. 
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Ficus  bengalensis,  L.  (fig.  G48). 

E'ljpocotyl  erect,  terete,  minutely  pubescent,  or  papillose,  pale 
green,  8-4  mm.  above  tbe  soil. 

Cotyledons  broadly  ovate,  obtuse,  emarginate,  petiolate,  glabrous, 
deep  green  above,  paler  beneath,  with  an  indistinct  midrib  and  one 
to  two  nerves  on  each  side ;  lamina  3-5-4  mm.  long,  2-75-3  mm. 
wide ;  petiole  flattened  above,  dilated  and  sUghtly  connate  at  the 
base,  1-1-25  mm.  long. 

Stem  erect,  terete,  minutely  pubescent  or  papillose,  pale  green, 
ultimately  woody  ;  1st  internode  -5-2-5  mm.  long  ;  2nd  -5-1-5  mm. 

Leaves  simple,  cau- 
line,  alternate  (first  two 
opposite),  stipulate,  peti- 
olate, alternately  or  some- 
times, especially  at  the 
base,  oppositely  incurvi- 
nerved,  glabrous,  some- 
what shining  on  both  sur- 
faces, deep  green  above, 
paler  beneath,  evergreen, 
ultimately     coriaceous ; 

stipules  erect,  small,  sub-  &i8.-Fi.us  hengaUnsis,  X  2. 

ulate,  acute,  pale  green  ; 

petioles  semiterete,  channelled  above,  shghtly  tapering  upwards,  gla- 
brous or  minutely  papillose  on  the  upper  edges,  at  least  when  young, 

Nos.  1  and  2.  Opposite,  ovate,  obtuse,  shghtly  cmieate  at  the  base, 
obsoletely  crenate  or  almost  entire. 

Nos.  3  and  4.  Alternate,  ovate,  obtuse,  shallowly  cordate  at  the 
base,  very  shallowly  crenate. 

Tubeuf  (1.  c.  p.  53)  describes  fruit  and  seed  of  Morus  alba  (the  Mul- 
berry), and  (p.  114)  also  figures  and  describes  the  seedling.  The 
embryo  hes  curved  in  the  albummous  seed.  The  cotyledons  re- 
main in  the  testa  till  they  have  absorbed  the  endosperm  ;  they  are 
8-9  mm.  long,  dark  green  above,  Ughter  beneath,  taper  gradually  into 
the  short  petiole,  and  have  a  famt  venation  consisting  of  a  midrib 
with  a  few  side  nerves.  The  first  leaves  are  irregularly  dentate, 
have  a  midrib  with  lateral  nerves,  and  including  the  petiole  are 
sUghtly  hairy. 

Conooephalus  niveus,  Wight  (fig.  649). 

Hypocotyl  1  cm.  long,  1-5  mm.  thick,  terete,  herbaceous,  pale 
green,  pubescent. 
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Cotyledons  petiolate,  pubescent ;  lamina  rotund,  2  mm.  long, 
thin,  or  almost  membranous ;  petiole  1*5  mm.  long,  slender. 

Stem  erect,  terete,  herbaceous,  pubescent  and  hairy,  pale  green, 
about  2  mm.  thick;  1st  internode  4mm.  long;  2nd  9mm.;  3rd 

I'l  cm. 

Leaves  cauline,  opposite,  decussate, 
exstipulate,  petiolate,  pubescent,  and 
coarsely  hairy  on  the  yomiger  leaves ; 
less  hairy  on  older  ones. 

First  pair  small,  ovate,  obtuse, 
entire ;  petiole  slender,  semiterete,  3- 
4  mm.  long. 

Fig.  GA0.—^noce2}h(dus  niveus.        Second  pair  much  larger  ;  rotund- 
ovate,    obtuse,  palmately  trinerved, 
obsoletely  and  distantly  serrate;   petiole  semiterete,  channelled 
above,  closely  pubescent,  and  sparsely  hairy. 

Third  pair  scarcely  opposite,  cordate-ovate,  acute,  coarsely 
serrate  ;  nerves  ascendmg  and  incurved  ;  serratures  subtriangular. 

TTrtica  dioica,  L.  (fig.  650). 

Pistil  apocarpous,  superior  ;  ovary  of  one  carpel,  one-celled,  one- 
ovuled  ;  ovule  basal,  erect,  orthotropous  ;  micropyle  superior. 

Fruit  an  achene,  ovate,  compressed,  glabrous,  included  in  the 
somewhat  accrescent  perianth,  tipped  by  the  persistent  base  of  the 
style,  subancipitous,  straw-coloured  ;  pericarp  subcrustaceous. 

Seed  ovate,  compressed,  closely  conforming  to  the  interior  of  the 
achene ;  testa  thin,  membranous,  closely  apphed  to  the  interior  of 
the  pericarp  ;  micropyle  apical,  and  superior ;  hilum  and  chalaza 
basal,  the  latter  dark-coloured  and  rather  prominent,  causing  an 
emargination  in  the  endosperm  and  cotyledons. 

Endosperoyi  forming  a  thin  layer  round  the  embryo,  subfariua- 
ceous,  white. 

Embryo  central,  straight,  large,  nearly  equalhiig  the  length  and 
breadth  of  the  seed,  colourless  ;  cotyledons  rotund,  obtuse  or  mmutely 
emarginate  with  a  small  rounded  or  obtuse  tooth  in  the  notch,  sub- 
truncate  at  the  base  ;  radicle  oblong,  terete,  obtuse,  pomting  to  the 
micropyle  close  to  the  apex  of  the  seed,  somewhat  shorter  than  the 
cotyledons. 

Seedling^. 

Primary  root  slender,  tapering,  with  fibrous  lateral  rootlets. 
Bypocotyl  succulent,  terminating  abruptly  at  the  lower  ex- 
tremity, shgiitly  pubescent,  pale  green,  mottled  with  red,  1-1  cm.  long- 
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Cotyledons  rotund,  eniarginate,  pubescent  on  the  upper  surface, 
glabrous  beneath  ;  lamina  4  mm.  long,  4-5  mm.  wide  ;  petiole  long 
slender,  channelled  above,  shghtly  pubescent,  pale  green  or  trans- 
parent, 4  mm.  long. 

Stem  herbaceous,  erect,  ridged  and  furrowed,  pubescent  with  short 
deflexed  and  bulbous-rooted,  stmging  hairs,  pale  green  or  stamed 
purple  on  the  ridges ;  1st  and  2nd  internodes  each  1-5  cm.  long. 

Leaves  simple,  caulhie,  opposite,  decussate,  stipulate,  petiolate, 


Fig.  6B0.—  Urtica  dioica.  A,  acliene,  x  30.  B,  longitudinal  section  of 
achene,  x  30 ;  Ch,  chalaza ;  T,  testa ;  P,  endosperm ;  A,  pericarp. 
C,  transverse  section  of  achene,  xBO:  A,  pericarp;  T,  testa:  P,  endo- 
sperm ;  C,  cotyledon. 


pubescent  on  both  surfaces,  and,  Uke  the  stem,  more  or  less  abun- 
dantly furnished  with  bulbous-rooted  stinging  hairs  on  both  sur- 
faces, five-nerved  at  the  base,  and  alternately  penninerved  upwards  • 
nex-ves  incurving,  reticulate  ;  petioles  subterete,  narrowly  chamicUed 
above,  and  shallowly  ridged  and  furrowed  on  the  back,  pubescent, 
and  usually  bristly  with  stinging  hairs ;  stipules  small,  subulate^ 
acute,  subcihate  in  the  seedUng  plant,  ovate-oblong,  obtuse,  tri- 
Herved,  cihate,  and  pubescent  in  the  adult. 
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First  pair  small,  broadly  ovate,  obtuse,  coarsely  serrate,  tri- 
nerved  at  the  base. 

Second  pair  triangular,  obtuse,  coarsely  serrate,  five-nerved  at 

the  base. 

Third  pair  cordate,  obtuse  or  subacute,  five-nerved  at  the  base, 
coarsely  and  obtusely  serrate  ;  serratures  frequently  aristate. 

Ultimate  leaves  cordate,  acuminate,  acute,  vnih.  acute  or  subacute 
serratures  ;  nerves  sunk  above,  prominent  beneath. 

Girardinia  palmata,  Wedd.  (fig.  651). 

Hypocokjl  erect,  terete,  minutely  and  finely  pubescent,  pale 
green,  2-3  cm.  above  the  soil. 


Fig.  651. — Girardinia  palmata.    Half  nat.  size. 

Cotyledons  rather  large,  obovate-rotund,  emarginate,  suddenly 
tapered  into  the  petiole,  trinerved,  the  lower  nerves  sprmgmg  from 
near  the  base  of  the  lamina,  describing  an  intramargmal  curve,  ^ 
and  uniting  with  the  next  pair,  which  in  turn  meet  the  midnb  below  - 
the  thickened  apex  close  to  the  apical  notch,  glabrous  hght  green  . 
lamina  about  1-3  cm.  long,  1-2  cm.  wide;  petiole  slender,  semi-, 
terete,  channelled  above,  minutely  pubescent,  8-10  mm.  long. 

Stem  erect,  terete,  finely  pubescent  and  furnished  with  coai^. ' 
stingmg  barbs,  or  hairs ;  1st  internode  1-9  cm.  long  ;  2nd  unde- 
veloped; 3rd  7-5  mm.;  4th  3  mm.  ^iwnateil 

Leaves  simple,  coarsely  toothed  and  lobed,  cauhne,  al  ern^ 
(first  two  opposite),  stipulate,  petiolate,  trinerved  ^^om  '^l^^^^'^ 
alternately  nerved  upwards  and  reticulate,  hairy  on  both  surfaces, 
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and  furnished  with  coarse,  bulbous-rooted,  stinging  hairs  projecting 
at  right  angles  from  both  surfaces  of  the  leaf ;  petiole  semiterete, 
shallowly  channelled  above,  pubescent  with  rather  fine,  ascending  or 
subadpressed  hairs,  and  frequently  weU  provided  with  large  stinging 
hairs ;  stipules  intrapetiolar,  erect,  connate  into  one  acute  binerved 
piece,  pale-coloured  or  almost  scarious. 

Nos.  1  and  2.  Opposite,  ovate,  acute,  trinerved,  obtusely  serrate- 
dentate,  the  teeth  tipped  with  a  hair  ;  the  strong  lateral  nerves 
become  incurved  upwards,  and  run  obliquely  into  the  teeth,  giving 
off  lateral  branches  into  adjoining  teeth. 

Nos.  3  and  4.  Alternate,  rotund-ovate,  cordate  at  the  base,  more 
deeply  and  coarsely  serrate-dentate  than  the  first  two,  with  a  similar 
venation. 

Nos.  5  and  6.  Deeply  incised  or  lobulate  with  the  lower  lobes  again 
toothed.    Venation  as  in  those  above. 

Girardinia  heterophylla,  Dene. 

Hypocotyl  erect,  striated,  1-1-5  cm.  long,  glabrous,  light  green 
or  colourless. 

Cotyledons  obovate  or  subrotund,  obtuse,  emargmate,  sub- 
fleshy,  petiolate,  glabrous,  green,  prnnatinerved  like  the  leaves. 

Stem  short,  erect,  quadrangular,  hairy  ;  1st  intemode  3-5  mm. 
long. 

First  leaves  simple,  cauline,  opposite,  decussate,  oblong,  coarsely 
serrate,  subacute,  hairy,  and  also  covered  with  stings,  green,  pinnati- 
nerved  ;  petioles  short,  channelled  above  ;  stipules  small,  deciduous. 

Parietaria  officinalis,  L. 

Pistil  syncarpous,  superior ;  ovary  of  two  carpels,  one-ovuled  ; 
ovule  erect,  orthotropous  ;  micropyle  superior. 

Fruit  an  achene ;  pericarp  hard,  crustaceous,  shining ;  seed 
conformmg  in  shape  to  the  achene,  oval,  oblong  or  obovate ;  testa 
smooth,  membranous  ;  hilum  inconspicuous. 

Endosperm  comparatively  copious,  fleshy,  surrounding  the 
embryo,  greyish-white  or  almost  colourless. 

Embryo  straight,  in  the  centre  of  the  endosperm ;  cotyledons 
broadly  oblong,  or  oval,  obtuse,  entire,  plano-convex,  lying  with 
their  apices  to  the  receptacle ;  radicle  terete,  obtuse,  about  the 
same  length  as  the  cotyledons. 

Forskohlea  viridis,  Ehrenb. 

Hypocotyl  erect,  terete,  finely  pubescent,  1-1'5  cm.  long,  light 
green,  faintly  tinged  with  red. 
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Cotyledons  oblong-obovate,  minutely  emarginate,  finely  pubes- 
cent, light  green  with  reddish  petioles,  puinatinerved  Hke  the  leaves. 

Stem  erect,  terete,  herbaceous,  finely  pubescent ;  1st  internode 
3-7  mm.  long. 

First  leaves  simple,  cauline,  opposite,  oblong,  obtuse,  dentate- 
serrate,  petiolate,  stipulate,  finely  pubescent,  hght  green,  puinati- 
nerved. 


PLATANACEiE. 

Benth.  et  Hook.  Gen.  PI.  iii.  396. 

Fruit  and  Seed. — The  ovary  is  linear,  one-celled  and  one- 
ovuled  with  the  wall  greatly  thickened  on  one  side.  The  ovule  is 
solitary,  rarely  are  there  two,  one  of  which  becomes  aborted, 
pendulous  from  the  apex  of  the  cavity  and  orthotropous.  This 
arrangement  is  very  rare,  as  in  dicotyledonous  plants  the  ovule 
when  single  and  orthotropous  is  in  almost  all  other  cases 
erect,  the  result  of  which  seems  to  be  to  facihtate  the  easy 
access  of  the  pollen-tube  to  the  micropyle.  The  achenes  are 
linear,  surrounded  at  the  base  by  long  brown  hairs,  greatly 
thickened  or  clubbed  in  the  upper  part,  and  surmounted 
obHquely  or  on  one  side  by  the  persistent  remains  of  the 
style.  The  seed  is  soHtary,  pendulous,  and  Imear  with  a 
membranous  testa.  Endosperm  is  usually  present  in  small 
quantity  surrounding  the  embryo,  but  is  said  to  be  some- 
times absent.  The  embryo  completely  fills  the  remainder  of 
the  cavity,  and  is  straight  and  linear.  The  cotyledons  are 
plano-convex,  very  little  wider  than  the  inferior  radicle  and 
about  equal  to  it  in  length  or  slightly  longer.  They  gene- 
rally lie  in  the  broader  plane  of  the  seed  with  their  edges 
towards  the  thickened  portion,  but  are  sometimes  oblique 
to  it. 

The  Order  is  represented  by  the  single  genus  Platanus,  con- 
sisting of  five  to  six  species.  The  above  characters  are  well 
seen  in  longitudinal  and  transverse  sections  of  the  achene  of 
a  species  of  Platanus,  probably  P.  orientalis  (fig.  652). 

Seedlings.— The  seedling  of  P.  orientalis  (fig.  653)  is  com- 
paratively small  in  conformity  with  the  seed,  but  rapidly  gains 
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strength  as  growth  proceeds.  The  slender  hypocotyl  rises 
about  1-1  cm.  above  the  soil,  and  is  surmounted  by  narrowly 
spathulate,  obtuse,  one-nerved,  sessile  cotyledons  tapering  to 
a  very  narrow  base.  They  are  8-5  mm.  long  and  about 
2-5  mm.  wide  at  the  apex.  The  first  leaf  is  small,  glandular- 
pubescent,  and  resembles  a  petiole.  The  second  one  is  spathu- 
late-cuneate,  incipiently  trifid  or  bluntly  tridentate  at  the 
apex,  and  alternately  penninerved,  with  two  of  the  stronger 
nerves  running  into  the  teeth,  thus  foreshadowing  lobing. 
The  third  leaf  is  much  larger,  but  otherwise  similar.  The 
ultimate  leaf  is  palmately  five-nerved  and  -lobed ;  but  the 
nerves  for  the  lower  pair  of 
lobes  often  arise  from  the 
middle  pair  near  the  base. 

Platanus  orientalis,  L.  (fig. 
652). 

Pistil  superior  ;  ovary  of  one 
perfect  carpel,  one-celled,  one- 
to  two-ovuled  ;  ovule  pendulous 
from  the  top  of  the  cell,  orthotro- 
pous  ;  radicle  inferior. 

Fruit  an  achene,  one-celled 
and  one-seeded,  thickened  and 
woody  along  one  side,  sur- 
rounded at  the  base  by  numer- 
ous, long,  pale  brownish,  erect 
hairs,  topped  by  a  large  woody 
process  or  callus  which  is  sur- 
motmted  by  the  persistent  re- 
mains of  the  style. 

Seed  Hnear-clavate,  sus- 
pended with  the  thick  end  up- 
permost, flattened  on  the  side 
next  the  thickened  portion  of 

the  pericarp  ;  testa  prolonged  at  the  apex  into  an  acute  colomiess 
point,  and  at  the  base  into  a  colourless,  blunt  point,  otherwise 
brown,  easily  broken  up  longitudinally  into  fibrous  shreds  ;  niicropyle 
at  the  lower  blunt  end. 

Endosperm  forming  a  thin  layer  surrounding  the  embryo  on  all 
aides,  whitish  internally,  brown  externally. 

Embryo  straight,  in  the  centre  of  the  endosperm,  colourless, 


Fig.  652. — Platanus  orientalis.  A,  longi- 
tudinal section  of  fruit,  x  6  :  w,  woody- 
part  ;  p,  endosperm ;  r,  radicle ;  t,  testa. 
B,  transverse  section  of  fruit :  w,  woody- 
part,  X  12. 
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about  5'25  mm.  long  ;  cotyledons  linear,  suddenly  pointed,  subacute, 
a  little  longer  and  slightly  broader  than  the  radicle ;  radicle  cyUn- 
drical,  obtuse,  at  the  opposite  end  of  the  seed  from  the  hilum. 

Seedling  (fig.  653). 

Hypocotyl  erect,  terete,  slender,  pale  green,  glabrous,  about 
I'l  cm.  above  the  soil. 

Cotyledons  narrowly  spathulate,  obtuse,  enthe,  tapered  to  the 
base,  glabrous,  opaque-green,  distinctly  one-nerved,  8*5  mm.  long, 
2*5  mm.  at  the  widest. 

Stem  woody,  erect,  terete,  glabrous  or 
sHghtly  glandular  below  the  leaves  ;  1st  inter- 
node  about  '5  mm.  long  ;  2nd  and  3rd  each 
about  1  mm. 

Leaves  simple,  cauHne,  alternate,  stipulate, 
petiolate,  glandular-pubescent  at  the  margins 
and  midrib   (in  young  specimens) ;  petioles 
channelled  above ;  stipules  small  in  the  seed- 
hng,  surrounding  the  base  of  the  petiole,  to 
which  they  are  adnate,  but  in  the  adult  stage 
Platanns  orientalis.     of  the  tree  they  are  of  coBsiderable  size,  cup- 
Nat,  size.  deciduous. 
No.  1.  Eeduced  to  a  short  petiole,  and  glandular-pubescent. 
No.  2.  Spathulate-cuneate,  bluntly  tridentate  at  the  upper  end, 
alternately  penninerved,  with  the  nerves  ascending  and  the  larger 
ones  running  directly  into  the  teeth. 
No.  3.  Similar  but  larger. 

In  Platanus  oocidentalis,  L.,  the  cotyledons  are  narrow,  lance- 
olate with  a  prominent  midrib,  1-2  cm.  long,  2  mm.  wide,  acute, 
sessile,  and  shining  green  above.^ 

The  first  leaves  are  alternate,  entire,  elongated-oval,  serrate 
with  shortly  pointed  teeth,  with  midrib  and  lateral  nerves. 


JUGLANDEJ5. 

Benth.  et  Hook.  Gm.  PI.  in.  397. 


Fndt  and  Seed.— The  ovary  is  inferior  and  one-celled 
with  a  solitary,  basal,  erect,  orthotropous  ovule.    The  fruit 
is  drupaceous  or  rarely  nut-like  and  dry,  sometimes  with  the 
»  Vide  Tubeuf,  1.  c,  p.  IIC,  fig.  153. 
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bract  and  bracteoles  enlarged  at  its  base,  or  partly  or  wholly 
adnata  to  its  sides  or  even  carried  to  the  top  forming  an  invo- 
lucre ;  in  other  cases  these  organs  remain  unchanged  and  fall 
away.  The  exocarp  is  fleshy  or  succulent,  generally  falling 
away  when  mature,  leaving  the  bony  endocarp  which  is 
variously  excavated  into  two  or  four  cavities  internally.  The 
seed  is  two-  to  four-lobed  at  the  base  and  Hes  astride  the 
j)lacenta  with  its  lobes  passing  down  into  the  cavities  of  the 
endocarp.  Endosperm  is  wanting,  and  the  embryo  conforms 
to  the  interior  of  the  seed.  The  cotyledons  are  fleshy  and 
crumpled,  or  sometimes  foliaceous  and  much  folded  and 
twisted,  and  the  radicle  is  superior. 

I  have  ah-eady  described  and  figured  the  seed  and  seedling 


Fig.  654. — Fruit  of  Fterocarya,  x  2  : 
P,  perianth ;  W,  W,  wings. 


Fig.  — Longitudinal  section  through 
the  flower  of  Fterocarya  caucasica,  x  6  : 
B,  bract ;  B',  B',  bracteoles ;  Ov,  ovule  ; 
P,  perianth ;  St,  style ;  S,  8,'  stigmas. 
May  23. 


of  Peterocarya  caucasica,^  which  are  very  peculiar.  I  have  to 
thank  Mr.  Lynch  for  his  kindness  in  keeping  me  supplied  with 
specimens  of  the  fruit  in  its  various  stages  from  the  tree 
in  the  Cambridge  Botanic  Gardens.  The  seed^  is  shaped 
somewhat  like  an  anvil,  with  four  short,  wide  legs  ;  and  the 
seedling  is  remarkable  in  having  the  cotyledons  bifid,  each 
division  being  again  bilobed. 

Fterocarya  caucasica  flowers  with  us  early  in  May.  The 
pistil  is  syncarpouB  and  inferior ;  the  ovary  of  two  carpels,  one- 
celled,  one-ovuled ;  the  ovule  basal,  erect,  and  orthotropous. 

Fig.  655  is  a  section  through  the  young  flower  at  the  end  of 
May,  showing  a  bract  B  at  the  base,  two  bracteoles  B'  B'  at  the 

'  Journ.  Linn.  Soc.  Bot.  vols.  xxii.  and  xxviii. 
2  Ibid,  vol,  xxii.  p.  386,  fig.  118. 
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sides,  the  ovule  Ov,  perianth  P,  and  SS  the  two  large,  spread- 
ing, papillose  stigmas.  The  cavity  of  the  ovary  is  sraall  and 
nearly  filled  by  the  ovule. 

By  about  the  middle  of  June  the  young  fruit  has  grown 
considerably  in  thickness,  though  not  much  in  length.  The 
ovary  and  ovule  are  longer,  and  at  the  base  of  the  former  the 
tissue  has  in  two  places  (fig.  656,  Co,  Co)  become  almost  colour- 
less from  the  removal  of  the  protoplasm. 

By  the  end  of  June  the  fruit  has  still  further  increased  in 
length  as  well  as  in  breadth.  The  growth  in  length  has 
especially  taken  place  between  the  base  and  the  uppermost 


point  of  attachment  of  the  bracteoles,  which  therefore  seem 
to  have  been  carried  up.  The  bracteoles  have  also  increased  in 
size,  while  the  perianth  remains  unaltered.  The  two  masses  of 
colourless  tissue  as  seen  in  longitudinal  section  at  the  base  of 
the  ovary  are  still  solid  or  unbroken. 

The  fruit  continues  to  grow  rapidly,  especially  at  the  base, 
BO  that  by  the  end  of  July  the  posterior  half  of  the  bracteoles 
seems  to  be  carried  still  further-  up,  distinctly  more  so  than  the 
anterior.  The  neck  of  the  fruit,  on  the  contrary,  has  increased 
considerably  in  thickness,  but  scarcely  at  all  in  length.  Fig. 
657  represents  a  transverse  section,  and  on  each  side  of  the 
ovule  (Co,  Co,  Co,  Co)  are  the  four  approxunately  circular 


Fig.  656. — Fterocarya  caucasica. 
Longitudinal  section  of  fruit,  x  6. 
June  25.  Co,  Co,  two  places  where 
the  tissue  has  become  colourless. 
(Other  letters  as  in  fig.  655.) 


Fig.  657. — Fterocarya  caucasica. 
Transverse  section  of  fruit,  x  3  : 
W,  W,  wings;  Pc,  pericarp; 
Co,  Co,  Co,  Co,  four  spaces  of 
altered  tissue ;  Ov,  ovule.  (Other 
letters  as  in  fig.  655.) 
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patches  of  colourless  tissue,  which  in  a  longitudinal  section 
appear  more  elongated.  In  them  the  tissue  is  commencing 
to  dismtegrate,  while  romid  them,  on  the  contrary,  it  is  be- 
coming distinctly  sclerenchymatous.  From  the  development 
of  the  lower  part  of  the  fruit,  especially  on  the  posterior  side, 
the  posterior  portion  of  each  bracteole  appears  to  be  nearly  on 
the  summit  of  the  fruit,  the  anterior  portion  being  rather 
lower  down. 

Fig.  658  is  a  longitudinal  section  taken  on  August  8.  It 
passes  through  two  of  the  masses  of  loose  tissue  mentioned 
above,  which  now  form  cavities ;  while,  on  the  other  hand, 
the  surroundmg  tissues  have  become  much  denser,  leaving, 


Fig.  658. — Fterocarya  caticasica,  x  3  : 
Va,  Va,  vascular  tissue;  Co',  Co', 
masses  of  solid  cortical  tissue ;  Co, 
Co,  cavities. 


Fig.  659. — Plerocarya  caucasica. 
Longitudinal  section  of  more 
advanced  fruit,  x  3.  Sept.  1. 
T,  testa ;  JSn,  endosperm ;  Em, 
embryo ;  P,  perianth ;  Va,  vas- 
cular tissue;  Co,  small  cavity 
not  yet  filled  by  the  seed. 


however,  oval  spaces  of  cortical  tissue  sliown  in  section  at 
Co',  Co'. 

The  ovary  has  not  materially  altered,  and  the  ovule  is 
still  very  small. 

A  few  days  later,  however,  the  ovule  has  grown  considerably 
and  nearly  fills  the  cavities.  Fig.  659  shows  a  longitudinal 
section  taken  on  September  1.  T  is  the  testa,  showing  that 
the  seed  has  now  assumed  its  four-lobed  form,  though  it  has 
not  yet  quite  filled  the  cavities  in  the  fruit.  The  greater  part, 
however,  is  occupied  by  endosperm,  the  embryo  (Em)  being 
still  comparatively  small. 

Fig.  660  represents  a  transverse  section  near  the  base  of  the 
fruit,  taken  on  September  '21,  when  the  fruit  and  embryo  had 
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attained  nearly  their  full  size,  but  had  not  yet  reached  matu- 
rity. Neither  the  placenta  nor  the  original  and  true  cavity 
of  the  ovary  are  shown  in  this  section,  because  they  were 
situated  at  a  higher  level.  The  ovule  from  the  first  was  basal, 
and  the  seed,  even  at  maturity,  may  be  looked  upon  as  lying 
astride  the  basal  placenta,  with  its  four  lobes  projecting  into 
as  many  cavities  excavated  from  the  originally  solid  base  of 
the  fruit.  The  testa  is  shown  at  T,  Hning  the  interior  of  the 
cavities  and  enclosing  the  variously  folded  lobes  of  the  coty- 
ledons (C,  G,  C,  C) .  The  walls  surrounding  the  cavities  are  thick 
and  sclerenchymatous,  with  exception  of  the  thin  outer  rind 

and    its  appendages, 


Ca — / 


the  bracteoles  or  wings, 
shown  at  B',  B'.  The 
cotyledons  of  the  em- 
bryo diverge,  one  to 
each  side  of  the  fruit, 
and  then*  lobes  pass 
in  pairs  into  each  of 
its  four  cavities.  As 
growth  proceeds  and 
the  short  lobes  become 
too  wide  for  the  ca%i- 
ties,  they  become  con- 

FiG.  &60.~Pterocarya  caucasica.    Transverse  sec-   (duplicate   in   Order  tO 
tion  through  a  more  advanced  fruit  near  the  base,        ^  4.i,„„-, 

x6   (Sept.  21.)  T,  testa;  o,  (7,  0,  c,  folds  of  accommodate  tliem- 

cotyledons;  B'  5',  bracteoles  or  wings ;  Ca,  small  ^  restricted 
mass  of  cortical  tissue. 

space  and  at  the  same 
time  to  fill  it.  The  secondary  fission  seems  intended  to 
facihtate  folding,  and  was  probably  originally  brought  about 
by  excessive  plication.  If  the  two  lobes  had  been  in  one  piece, 
the  latter  would  have  had  to  be  twice  conduphcate  longitudi- 
nally, which  would  have  been  difficult  to  accomplish.  The 
folding  is  not  always  on  the  same  plan,  as  may  be  seen  by 

reference  to  the  figure. 

The  Walnut  (Juglans).-The  fruit  of  theT^  alnut  differs 
from  that  of  Pterocarya  in  several  remarkable  particulars,  and 
while  the  cotyledons  of  Pterocarya  are  leaf-like  and  aerial  m 
germination,  those  of  the  Walnut  never  emerge  from  the  seed. 
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ChabrsDus  long  ago  remarked  on  the  wonderful  richness  of 
nature  as  displayed  in  the  Walnut,  '  praesertim  miranda  figuras 
luxuria  naturam  in  hoc  fructu  lusisse  certum  est.'  The  Walnut, 
from  its  fancied  resemblance  to  a  head,  the  outer  woody  cover- 
ing being  compared  to  the  skull,  and  the  folds  of  the  cotyledons 
to  the  convolutions  of  the  brain,  was  formerly  supposed  to  be 
especially  efficacious  in  brain-disease. 

In  the  Walnut  (Juglana  regia)  the  ovary  is  one-celled  or 
imperfectly  four-celled,  one-ovuled ;  the  ovule  is  erect  and 
orthotropous,  with  the  micropyle  superior.  The  fruit  is  dru- 
paceous, oblong-globose,  crowned  with  a  small  point  consisting 
of  a  three-  to  iive-toothed  involucre  formed  by  the  union  of  the 
bract  and  bracteoles,  by  the  remains  of  the  four-toothed  peri- 
anth and  the  remains  of  the  style ;  exocarp  or  rind  smooth, 
and  beset  with  submerged  glandular  dots  bursting  irregularly 
when  mature,  subfleshy;  endocarp  hard,  bony,  or  brittle, 
corrugated,  with  a  spongy  lining  or  inner  coat  which  forms 
large  irregular  corrugations  internally,  and  is  apparently  ex- 
cavated into  four  large  cavities  at  the  base  ;  the  excavations  are 
continued  to  the  top  of  the  main  cavity  of  the  ovary,  hollowing 
out  the  sides  of  the  endocarp  so  as  to  furnish  a  larger  amount 
of  space  for  the  seed  than  is  originally  provided  for  it.  In 
Bentham  and  Hooker's  '  Genera  Plantarum  '  the  base  of  the 
endocarp  is  said  to  be  intruded,  imperfectly  dividing  the  fruit 
into  two  or  four  cells.  The  endocarp  further  consists  of  two 
valves  or  halves,  which,  however,  cannot  be  separated  without 
force. 

The  seed  is  large,  strongly  and  irregularly  corrugated, 
seated  on  the  central  and  originally  basal  placenta,  which  in 
the  mature  fruit  is  about  one-third  above  the  base  of  the  cavity 
of  the  endocarp,  deeply  four-lobed  at  the  base  and  filling  the  four 
cavities  ;  the  testa  is  thin,  closely  applied  to  the  corrugations 
of  the  endocarp  externally  before  the  seed  becomes  dried  up, 
and  internally  to  the  lobes  of  the  embryo,  pale  brown. 

In  the  young  state  the  endosperm  fills  the  interior  of  the 
seed  with  a  clear  jelly-like  mass,  in  the  apex  of  which  is 
the  small  embryo,  with  the  radicle  upwards.  Gradually, 
:however,  the  cotyledons  grow  and  eventually  absorb  the  whole 
of  the  endosperm,  thus  filling  the  whole  of  the  interior  of  the 
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seed,  except,  of  course,  the  small  portion  occupied  by  the  plumule 
and  radicle. 

We  have  seen  that  in  the  fruit  of  Pterocarya  four  hollow 
spaces  gradually  form  themselves  in  the  originally  solid  fruit, 
and  that  into  these  spaces  the  seed  sends  four  prolongations, 
into  which  again  the  cotyledons  subsequently  grow.  Now  in 
the  Walnut  a  very  similar  process  takes  place,  only  the  hollow 
spaces  are  much  larger  and  confluent  with  the  ovarian  cavity,  so 
that  instead  of  a  sohd  wall  with  hollow  spaces  occupied  by  the 
seed,  it  gives  the  impression  as  if  the  seed  were  thrown  into 
folds  occupied  by  the  wall  of  the  fruit.  To  occupy  these  spaces 
fully,  the  cotyledons  themselves  were  thrown  into  folds  as  we 
now  see  them.  The  fruit  of  Pterocarya  is  much  smaller  than 
that  of  the  Walnut,  the  ancestors  of  which  doubtless  had  a 
smaller  fruit.  As  it  increased,  the  cotyledons  became  fleshier 
and  fleshier,  and  found  it  more  and  more  difficult  to  make 
their  exit  from  the  seed,  until  at  last  they  have  given  up 
any  attempt  to  do  so.  Hence  the  curious  folds,  with  which 
we  are  so  familiar,  are  the  efforts  made  by  the  origmal  leafy 
cotyledons  to  occupy  the  interior  of  the  nut. 

Coviparison  of  the  Fruits  of  Pterocarya  andJuglans.— Thus, 
then,  while  essentially  similar,  the  fruits  of  Pterocarya  and  of 
the  Walnut  offer  several  remarkable  differences.  They  resemble 
in  some  respects  the  relations  between  the  fruits  of  the  Horn- 
beam and  of  the  Beech.  The  fruit  of  Pterocarya,  Hke  that  of 
the  Hornbeam,  is  winged,  which  is  not  the  case  with  the  Wahiut 
or  the  Beech  ;  it  is  in  the  two  former  smaller,  and  a  great 
deal  harder  than  in  the  two  latter.  Again,  the  cotyledons  of 
Pterocarya  are  aerial,  while  those  of  Juglansno  longer  perform 
the  functions  of  leaves  and  never  quit  the  seed. 

In  the  Walnut,  as  in  some  other  trees,  it  is  an  advantage 
that  the  seeds  should  be  large  rather  than  numerous.  In  tbis 
way  they  are  able  to  contain  a  supply  of  nutriment,  which 
suffices  rapidly  to  carry  the  young  plant  above  the  grasses  and 
other  low  herbage.  These  seeds  form  the  food  of  squirrels  and 
other  animals,  which  accordingly  serve  to  disperse  them,  and 
thus  perhaps  they  are  enabled  to  dispense  with  any  other 
means  of  transport.  Moreover,  for  such  large  fruits  wmgs 
would  perhaps  be  scarcely  adequate. 
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In  Pterocarya,  on  the  contrary,  the  fruits  are  much  smaller, 
and  wings  therefore  more  suitable.  Possessing  in  themselves 
the  means  of  dispersal,  they  have  no  need  of  offering  any 
attraction  to  animals.  In  fact  every  one  which  is  eaten  is  so 
much  pure  loss.  Hence,  while  the  shell  of  the  Walnut  is 
sufficiently  hard  to  protect  the  seed  from  the  severity  of  the 
weather,  and  from  the  attacks  of  most  insects  &c.,  which  would 
not  help  in  their  dispersal,  it  offers  no  obstacle  to  larger  animals. 
That  of  Pterocarya,  on  the  contrary,  is  very  hard  and  strong, 
and  even  the  interior  portion  (the  walls  and  pillars  surrounding 
the  four  hollows)  are  of  the  same  character,  while  in  the  Walnut 
they  are,  comparatively,  quite  soft. 

One  reason  why  the  similarity  of  construction  in  the  two 
seeds  does  not  at  first  strike  the  observer,  is  that  in  Pterocarya 
the  lobes  of  the  seed  evidently  enter  the  pericarp  ;  in  Juglans, 
on  the  contrary,  the  lobes  are  so  much  larger  that  it  rather 
seems  as  if  the  j)ericarp  sent  projections  into  the  seed. 

That  the  present  condition  of  the  Walnut  seedling  is  not 
original,  we  have  interesting  evidence  in  the  presence  of  small 
leaves  reduced  to  minute  scales,  as  in  the  Oak  and  many  other 
plants  with  subterranean  cotyledons. 

These  scales  evidently  indicate  the  former  presence  of  actual 
leaves  which  are  now  no  longer  required.  The  curious  lobings 
and  foldings  of  the  seed  in  the  Walnut  also  remind  us  of  the 
time  when  the  cotyledons  were  variously  lobed  and  folded  so 
as  to  occupy  the  whole  space  in  the  gradually  enlarging  seed. 
At  present  they  seem  to  fulfil  no  useful  function,  except  as  a 
storehouse  of  nourishment  for  the  seedUng. 

Seedlings. — Two  very  distinct  types  of  seedlings  may  be 
noted  in  the  Order,  namely,  those  with  subterranean  cotyle- 
dons and  those  with  aerial  ones.  The  former  are  represented 
by  Juglans  regia  (fig,  661).  The  hypocotyl  is  undeveloped,  and 
the  cotyledons  remain  enclosed  in  the  bony  endocarp  during 
germination;  they  develop  petioles  sufficiently  long  to  en- 
able the  plumule  to  make  its  exit  from  the  apex  of  the  nut 
and  grow  upwards.  The  internodes  of  the  stem  between  the 
aborted  leaves  noted  ui  the  seed  attain  a  considerable  length 
during  germination.  Four  or  five  pairs  of  these  scales  occur 
before  a  perfect  leaf  is  developed.    The  first  perfect  form 
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consists  of  three  leaflets  ;  the  second  of  five,  and  the  third  of 
four ;  but  the  number  may  vary  according  to  the  vigour  of  the 
seedHng.  The  leaflets  are  serrated,  with  nerves  running 
into  the  teeth,  while  those  of  the  adult  tree  are  entire,  with 
the  principal  nerves  incurved  and  not  reaching  the  margin. 

The  cotyledons  of  Pterocarya  caucasica  are  deeply  bipar- 
tite, and  each  of  the  primary  divisions  again  divided  for  more 
than  half  their  length.  The  ultimate  segments  are  oblong- 
linear.  Three  out  of  five  nerves  terminate  at  the  base  of  a 
sinus,  and  the  lateral  ones  of  these  fork,  giving  off  a  branch  into 
each  of  the  ultimate  segments.  The  first  five  leaves  are  simple, 
lanceolate,  acuminate  and  penninerved,  while  the  ultimate 
ones  are  pinnate  with  numerous  pairs  of  leaflets,  and  an  odd 
one. 

Juglans  regia,  L. 

Pistil  syncarpous,  inferior,  surmounted  by  the  bract  and 
bracteoles  which  are  adnate  to  it,  forming  a  small  three-  to  five- 
toothed  involucre.  Higher  up  and  inside  of  this  involucre  is  the 
small  four-lobed  perianth. 

Style  very  short,  deeply  bifid,  with  the  two  arms  broadly  linear- 
oblong,  blunt,  spreading  and  recurved,  stigmatie  aU  along  the  upper 
surface  with  wavy  lamellae. 

Ovary  of  two  carpels,  one-celled,  one-ovuled,  with  a  small  cavity 
just  sufficient  to  accommodate  the  ovule  in  the  quite  young  state ; 
ovule  basal,  erect,  orthotropous,  in  direct  connection  with  the  axial 
vascular  tissue  ;  micropyle  superior. 

Fruit  an  ovoid  drupe  surmounted  by  the  beak-hke  remains  of 
the  style,  densely  pubescent  in  the  young  state  at  least,  one-celled, 
one-seeded  ;  exocarp  fleshy,  at  length  bursting  irregiJarly,  and  fall- 
ing off ;  endocarp  woody,  forming  the  shell  of  the  nut,  which  is 
corrugated  externally  and  deeply  excavated  or  chambered  internally 
making  the  fruit  appear  two-  to  four-celled,  mdehisceut,  but 
separable  into  halves. 

Seed  deeply  two-  to  four-lobed  at  the  base,  tapering  upwards 
into  a  somewhat  wedge-shaped  but  rounded  or  blunt  point ;  testa 
membranous. 

Embryo  large,  fleshy,  colourless,  conforming  to  the  seed,  and  that 
agam  to  the  inner  Hnmg  of  the  endocarp  ;  cotyledons  four-lobed  and 
slightly  auricled  at  the  base,  closely  adpressed,  wrmkled  and  appear- 
ing hke  one  continuous  piece,  constituting  the  greater  part  of  the 
embryo,  subterranean  in  germination  ;  radicle  superior,  close  under 
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the  base  of  the  style,  very  short,  blunt,  occupying  the  pointed  apex 
of  the  seed,  projecting  from  between  the  notches  at  the  base  of  the 
cotyledons,  somewhat  compressed  right  and  left,  i.e.  in  the  same 
plane  as  the  cotyledons ;  plumule  conical  with  a  row  of  five  minute 
buds  or  leaves  along  two  sides  and  opposite  to  the  cotyledons,  with 
two  perfect  leaves  each  having  about  three  leaflets  alternating  with 
them. 

OBIGIN  OF  INTEENAL  CAVITIES  OF  THE  FKUIT. 

A  vertical  section  of  a  young  fruit  made  on  the  4th  of  June 
shows  the  exocarp  already  differentiated  from  the  tissue  within  it 
and  containing  chlorophyll  in  its  cells.  The  endocarp  is  colourless 
but  contains  plenty  of  protoplasm.  Surrounding  the  central  ovule, 
and  projecting  on  each  side  from  its  base,  is  a  layer  of  tissue  of  a 
watery  appearance,  and  having  little  or  no  cell-contents,  but  per- 
fectly unbroken, 

A  transverse  section  of  another  fruit,  made  about  the  same  date, 
shows  a  similar  but  thin  layer  of  watery  tissue  surrounding  the 
ovule  ;  and  on  one  side  of  the  latter,  but  extending  more  than  half 
way  to  the  periphery  of  the  endocarp,  are  two  irregular-shaped 
similar  areas. 

A  vertical  section  of  the  fruit  made  on  the  21st  of  June  showed 
the  watery  colourless  tissue  greatly  increased  in  bulk,  and  extend- 
mg  with  two  long  branches  nearly  to  the  base  of  the  endocarp,  where 
they  widen.  The  broader  parts  of  this  tissue  are  beginning  to  break 
up. 

A  corresponding  transverse  section  shows  four  masses  of  watery 
or  cortical  parenchyma,  with  a  cavity  in  the  centre  of  each,  formed 
by  the  breaking  up  of  the  cells  which  were  originally  continuous 
with  the  rest  of  the  endocarp. 

A  longitudinal  section  of  the  fruit  made  on  the  8th  of  July 
showed  that  the  cortical  and  watery  parenchyma  had  previous  to 
this  greatly  increased  in  bulk  and  become  dissolved.  The  testa 
has  grown  contemporaneously  with  the  breaking  up  of  the  tissue 
of  the  ovary,  and  by  continuously  adjusting  itself  by  growth  to  the 
interior  of  the  cavity,  now  almost  completely  fills  it  including  the 
various  irregular  hollows  or  excavations.  The  tissue  of  the  nucellus 
has  become  deliquescent  and  watery,  while  as  yet  the  embryo  is 
extremely  minute  and  difficult  to  detect. 

A  corresponding  transverse  section  shows  the  four  main  cavities 
now  formed  in  the  fruit,  together  with  several  minor  ones.  The 
testa  for  some  reason  or  other  has  not  been  able  to  develop  to  the 
bottom  of  some  of  the  recesses,  possibly  on  account  of  their  being 
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narrow.  Some  of  the  cavities  are  still  in  process  of  excavation,  and 
the  cortical  matter  is  white  while  the  rest  of  the  endocarp  is  darker 
and  slightly  tinted  with  green.  The  interior  of  the  seed  is  lined 
with  jelly-like  protoplasmic  matter  while  the  central  hollow  part  is 
occupied  with  a  liquid. 

Seedling  (fig.  661). 

Primary  root  very  stout,  woody,  tapering  downwards,  subflexuose, 
emerging  from  the  apex  of  the  nut,  and  furnished  with  lateral 
rootlets. 

Hypocotyl  very  short,  stout,  woody,  scarcely  distinguishable  from  i 
the  root.  ! 

Cotyledons  large,  fleshy,  obovate,  bilobed,  crumpled,  filling  the 
whole  cavity  of  the  seed  and  remaining  there  after  the  germi- 
nation of  the  plant,  attached  to  the  young  plant  by  their  short 
fleshy  petioles. 

Stem  woody,  erect,  stout,  compressed,  glabrous,  whitish  beneath 
the  soil,  deep  green  above  and  covered  with  httle 
grey  or  brown  lenticels ;  1st  intemode  2-5  cm. 
long  ;  2nd  2-3  cm.  ;  3rd  1-8  cm. ;  4th  2*5  cm.; 
5th  and  6th  each  1-6  cm. ;  7th  7  mm.  These 
lengths  vary  according  to  the  vigour  of  the 
seedling. 

Leaves  compound,  imparipinnate  (first  eight 
in  specimen  reduced  to  scales  and  opposite  or  ■ 
subopposite  in  four  pairs),  cauline,  alternate, 
Pig.  661.  exstipulate,  petiolate,  deciduous,  glabrous  ex- 

Juglans  regia.       ggpt  tufts  of  hairs  in  the  forks  of  the  veins 

One-tenth  nat.  size.  ^^^^^^  ^.^^  j^^^^^  ^^^^ 

tree,  deep  green  above,  paler  beneath,  shining  ;  leaflets  penninerved, 
with  alternate,  ascending  nerves  incurved  at  their  tips,  alternate 
or  subopposite,  and  frequently  not  evenly  paired,  the  odd  one  when 
next  the  terminal  leaflet  apparently  cut  away  from  the  base  of 
the  latter,  making  it  unequal  at  the  base,  more  or  less  regularly 
serrate  m  the  young  plant  and  quite  entire  in  the  adult  tree; 
petioles  subterete,  tapering  upward  fi'om  a  stout  base,  flattened  on  the 
upper  side  and  slightly  channeUed,  but  in  the  adult  tree  terete  and 
not  flattened  or  channelled  except  at  the  dilated  clasping  base. 

Nos.  1-8.  Keduced  to  small  alternate  or  nearly  opposite  scales. 

No.  9.  Trifoliolate ;  terminal  leaflet  large,  obovate,  or  elliptic, 
cuspidate  ;  lateral  leaflets  small,  oblong,  alternate. 

No.  10.  Five-foliolate ;  terminal  leaflet  oblong-obovate ;  middle 
pair  ovate,  acummate,  obhque  on  the  anterior  basal  side,  unequal, 
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subopposite;  basal  pair  small,  unequal,  ovate,  oblique  on  the 
anterior  basal  side. 

No.  11.  Four-foHolate  ;  leaflets  alternate,  all  unequal ;  terminal 
one  ovate-oval,  subacuminate,  very  unequal  at  the  base ;  the  other 
three  leaflets  ovate,  subacuminate,  obUque  on  the  anterior  basal 
side,  much  smaller  than  the  terminal  one. 

The  serrate  character  of  the  primary  leaves  of  the  seedling  is 
very  noticeable,  as  weU  as  the  fact  that  all  or  nearly  all  of  the 
primary  or  stronger  lateral  veins  run  to  the  tips  of  the  teeth. 

Ultimate  leaves  imparipinnately  three-  to  nine-foliolate  ;  leaflets 
alternate  or  sometimes  subopposite,  unequal  in  size,  entire,  oblique 
on  the  anterior  basal  side  ;  terminal  leaflet  much  the  largest,  oblong- 
eUiptic,  cuspidate  ;  lateral  leaflets  oblong  or  ovate-oblong,  obtuse  or 
cuspidate  or  subacuminate,  gradually  smaller  towards  the  base  of 
the  leaf. 

M.  Fleche  has  pointed  out  ^  that  the  young  leaves  differ  in  being 
more  acumuiate,  with  nerves  running  to  points,  and  altogether  more 
like  those  of  some  species  of  Carya. 

Juglans  nigra,  L. 

Ovary  one-celled  or  partly  four-celled  at  the  base  and  apex, 
one-ovuled  ;  ovule  as  in  J.  regia. 

Fruit  globose,  one-celled,  or  nearly  four-celled  by  the  projection 
of  ribs  of  the  endocarp  into  the  interior  from  the  base  and  apex, 
green,  covered  externally  with  little  warts  and  sessile  glands,  tipped 
with  the  persistent  remains  of  the  style  and  the  superior  perianth  ; 
epicarp  fleshy  ;  endocarp  bony,  thick  and  projecting  very  much  into 
the  interior  of  the  fruit,  with  numerous  shallow  cavities  on  its 
inner  face  ;  placenta  basal,  one-seeded. 

Seed  soHtary,  erect,  deeply  four-lobed  ;  lobes  reniform  or  trans- 
versely oval,  constricted  at  their  union  with  the  central  body  of  the 
seed,  projecting  into  each  of  the  four  large  cavities  of  the  ovary, 
and  raised  into  numerous  gibbosities  or  swellings  to  conform  to  the 
interior  ;  testa  marked  with  numerous  long,  forldng  veins  proceed- 
ing from  the  basal  chalaza  and  radiating  all  over  the  lobes  to  the 
radicle,  white  or  creamy  yellow,  double  ;  tegmen  paler,  thinner. 

Endosperm  absent  in  the  mature  seed,  but  in  the  young  state 
filling  all  the  interior  of  the  ovule  with  a  clear,  jelly-like  mass  0]i 
the  top  of  which  the  cotyledons  lie  astride  with  the  radicle  close  to 
the  apex,  and  therefore  distant  from  the  hilum. 

Embryo  straight,  colourless,  fleshy,  ultimately  occupying  all  the 

'  Bull.  Soc.  des  Sciences,  Nancy,  1886. 
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intevior  of  the  seed  ;  cotyledons  bilobed  and  the  lobes  again  bifid  , 
with  the  secondary  segments  entire  or  emarginate  (in  the  immature  ■ 
state),  slightly  auricled  at  the  base  ;  radicle  short,  stout,  triangular,  , 
pointed. 

Pterocarya  caucasica,  C.  A.  Mey. 

Fruit  sessile,  inferior,  tipped  with  four  tooth-like  perianth-seg- 
ments, seated  m  the  axil  of  a  small  bract,  which  for  more  than  haK 
its  length  is  adnate  to  the  anterior  part  of  the  fruit,  with  two 
oblique  wings  consisting  of  two  enlarged  bracteoles  adnate  to  and 
enclosing  more  than  half  of  the  fruit. 

The  wings  are  obliquely  attached  to  the  fruit  owing  to  its 
ascending  direction,  and  themselves  ascend  vertically  towards  the 
apex  of  the  spike,  diverging  laterally  until  they  meet  those  of  the 
contiguous  row  of  fruits  on  each  side. 

Ovary  of  two  carpels,  one-celled,  but  partly  two-  to  four-celled, 
especially  in  the  lower  part ;  ovule  orthotropous,  on  an  elevated, 
but  really  basal  placenta  formed  by  the  infolding  and  union  of  the 
margins  of  the  carpels. 

A  transverse  section  of  the  ovary  near  the  base  shows  four 
cavities  which  in  the  early  stage  of  the  firuit  are  not  empty  but 
filled  with  hght,  white,  spongy  or  cortical  material,  becoming  dry, 
brown  and  easily  crushed  into  little  space  when  the  testa  of  the 
seed  develops. 

The  young  fruit  when  examined  about  the  last  week  of  May 
shows  the  pistil,  subtended  at  the  base  anteriorly  by  a  small  bract, 
and  at  the  sides  by  two  bracteoles  adnate  to  its  base.  Perianth 
leaves  four,  inserted  on  the  neck  of  the  pistil  a  short  way  beneath 
the  two  large  spreading  coarsely  papillose  stigmas.  The  cavity  of 
the  ovary  is  small  and  nearly  filled  by  the  minute  ovule.  The  tissues 
surrounding  the  ovule  are  all  coloured  ahke,  and  no  cavities  or 
cortical  tissue  are  seen. 

By  the  11th  of  June  all  parts  of  the  young  fruit  have  increased 
very  much  in  thickness,  but  not  much  in  length.  The  ovule  is  much 
larger,  with  the  distmctly  discernible  coat  slightly  overtopping  it. 
The  ovary  is  much  wider,  and  at  its  base  (in  longitudinal  section) 
are  two  whitish  masses  of  tissue,  definite  in  outhne  and  almost 
colourless,  as  if  the  protoplasm  had  been  removed,  leaving  nothing 
but  water  in  the  cells. 

By  the  25th  of  June  the  young  fruit  has  increased  greatly  in  both 
length  and  breadth.  The  bracteoles  are  larger,  and  the  space  be- 
tween the  base  of  the  fruit  and  the  ovule  has  elongated.  The  chief 
difference,  however,  is  in  the  coat  of  the  ovule,  which  is  now  twice 
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as  long  as  the  nucellus,  and  wide  open  at  the  apex.  The  colourless 
tissue  on  each  side  at  the  base  of  the  ovule  has  not  much  altered, 
but  vascular  tissue  begins  to  make  its  appearance. 

About  the  first  week  in  July  there  seems  no  difference  the 
size  of  the  ovule,  but  the  fruit  as  a  whole  continues  to  grow  rapidly. 
The  bracteoles  originally  near  the  base  of  the  fruit  have  been  carried 
a  long  way  up.  The  neck  has  also  been  shortened  by  the  thickening 
of  its  basal  portion.  The  vascular  tissue  has  increased.  Other  and 
more  unportant  changes  have  also  taken  place.  On  each  side  of  the 
ovule  two  oblong  curved  patches  of  tissue  are  seen  lying  about  half 
way  between  it  and  the  exterior  of  the  fruit ;  these  are  losing  colour 
in  the  same  manner  as  the  above-mentioned  masses  at  the  base  of 
the  ovule. 

In  transverse  section  colourless  tissue,  evidently  becoming  corti- 
cal, is  seen  to  surround  the  ovule.  On  each  side  of  the  ovule  towards 
the  circumference  of  the  fruit  four  irregularly  circular  pieces^  of 
colom-less  or  cortical  tissue  are  seen.  The  ovule  is  oval  in  outline 
in  the  transverse  section.  The  framework  of  the  fruit,  which  ulti- 
mately becomes  sclerenchymatous,  already  commences  to  show  itself. 

The  ovule  by  the  23rd  of  July  has  increased  but  little  in  size, 
but  differs  somewhat  m  shape  from  that  of  earher  stages.  The 
principal  alterations  are  in  the  cortical  tissues.  In  longitudinal 
section  a  large  oval  or  elhptic  mass  of  cortex  is  seen  on  each  side  of 
the  fruit,  mostly  above  the  level  of  the  ovule  and  close  to  the  rind. 
Two  large  masses  also  extend  from  the  ovule  downwards  towards 
the  base  of  the  fruit.  Bounding  all  these  masses  are  bands  of  tissue 
that  ultimately  become  sclerenchymatous.  The  cortex  is  as  yet 
soUd.  The  cavity  of  the  ovary  is  small.  The  bracteoles  forming 
the  wings  have  grown  nearly  to  the  top  of  the  fruit  on  the 
posterior  side,  while  they  descend  towards  the  base  on  the  anterior 
side. 

In  the  transverse  section  at  this  stage  four  masses  of  cortex  are 
seen,  two  on  the  right  and  two  on  the  left. 

A  longitudinal  section  of  the  fruit  about  the  6th  of  August 
shows  two  longitudinal  masses  of  cortex  and  a  transverse  piece, 
lymg  as  it  were  across  the  top  of  the  two.  All  are  separated  by  a 
firamework  of  vascular  and  sclerenchymatous  tissue,  or  tissue 
rapidly  becoming  sclerenchymatous. 

In  the  transverse  section  in  a  much  more  advanced  state  taken 
at  the  very  base  of  the  ovary,  a  central  line  of  small  solid  masses  of 
cortex  is  seen.  Eight  and  left  the  usual  four  masses  of  cortex  have 
now  become  almost  completely  absorbed,  leaving  strands  and  broken 
pieces  running  across  the  cavity. 
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In  a  corresponding  vertical  section  through  the  axis  of  the  fruit, 
the  ovary,  together  with  what  used  to  be  two  longitudinal  masses  of 
cortex,  have  become  one  continuous  cavity.  The  cortex  is  not  yet 
wholly  absorbed,  but  lines  the  sides  of  the  cavity.  Two  masses  of 
cortex  show  themselves  mostly  above  the  ovary,  one  on  each  side ; 
but  they  are  still  solid.  The  ovule  is  flask-shaped,  but  still  very 
small.  The  vascular  and  sclerenchymatous  tissue  is  getting  very 
firm. 

On  the  18th  of  August  the  ovule  has  increased  so  as  to  fill  the 
whole  cavity  of  the  ovary.  A  longitudinal  section  through  the  axis 
shows  two  masses  of  cortex  on  the  upper  side.  In  a  corresponding 
transverse  section  the  ovule  again  nearly  fills  the  cavity.  Four  soUd 
masses  of  cortex  are  seen,  two  right  and  two  left  of  the  axis. 

In  a  transverse  section  taken  lower  down,  than  the  last  and 
corresponding  to  it  in  age,  the  connection  of  the  ovary  cavity  with 
the  four  cavities  formed  by  the  absorption  of  cortical  tissue  is  seen. 
Across  the  opening  of  some  of  the  cavities  strands  of  cortical  tissue 
still  remain. 

In  a  transverse  section  made  on  the  1st  of  September,  the  seed 
filled  the  cavity  of  the  ovary  and  lay  nearly  at  right  angles  to  its 
usual  position  with  regard  to  the  axis.  The  two  cotyledons  of  the 
young  embryo  were  seen  lying  in  the  middle.  Some  masses  of  soUd 
cortex  may  still  be  seen  at  this  date.  A  corresponding  longitudinal 
section  shows  the  embryo,  the  cotyledons  of  which  are  already  four- 
lobed.  The  seed  has  descended  into  the  basal  cavities.  The  hard 
sclerenchyma  has  now  greatly  increased  in  thickness,  making  a 
framework  for  the  fruit  and  rendering  it  hard  and  brittle. 

A  longitudinal  section  of  a  barren  fruit,  made  on  the  12th  of 
September,  showed  the  small  flask-shaped  ovule,  and  the  nearly 
empty  cavities  at  the  base  of  the  ovary  cavity.  Some  soUd  masses 
of  cortex  appeared  both  above  and  below  the  ovary. 

By  the  19th  of  September  the  embryo  has  greatly  increased  in 
size,  filling  the  seed,  which  nearly  occupies  the  whole  of  the  space 
in  the  ovary  cavity,  and  also  the  cavities  extending  below  the  latter. 
Lobes  of  the  cotyledons  are  seen  to  descend  into  these  basal  cavities. 
These  cavities  are  not  yet  completely  filled  with  the  lobes  of  the 
seed. 

A  transverse  section  through  the  fruit  and  seed  at  this  date 
showed  the  embryo  more  advanced  than  in  the  last  case,  and  the 
cotyledons  very  much  plaited  or  folded.  Above  and  at  the  sides  of 
the  ovary  the  cortex  never  becomes  absorbed  so  as  to  form  cavities 
like  those  four  pieces  beneath  the  ovary.  Four  large  pieces  maybe 
seen,  two  on  each  side  of  the  seed,  and  still  quite  solid. 
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In  a  transverse  section  of  tlie  fruit  made  below  the  base  of  the 
.ovary,  the  four  cavities  are  seen  to  be  filled  with  the  twisted  or 
folded  lobes  of  the  cotyledons. 

A  longitudinal,  but  sHghtly  obhque,  section  through  the  fruit 
was  made  on  the  12th  of  October.  Owing  to  the  cotyledons  bemg 
much  folded  and  twisted,  a  clear  idea  of  their  arrangement  can 
scarcely  be  obtained  in  longitudinal  section.  The  radicle  is  seen  at 
the  apex  of  the  seed  which  is  orthotropous.  At  the  base  of  the 
cavities  formed  by  the  absorption  of  cortex,  the  tips  of  the  cotyledon- 
ary  lobes  in  some  instances  appear  to  be  folded  transversely.  A 
mass  of  cortex  occupies  the  apex  of  the  fruit.  By  this  date  it  had 
not  been  fully  matured  and  had  been  damaged  by  frost ;  that  is,  the 
fixterior  parts  such  as  the  rind  and  wings. 

In  a  transverse  section  of  the  same  date  the  cotyledonary  lobes 
are  seen  to  be  variously  folded  in  the  same  fruit. 

Masses  of  cortex  occur  in  various  parts  of  the  fruit,  embedded 
in  the  more  sohd  and  sclerenchymatous  endocarp.  They  are  doubt- 
less intended  to  Hghten  the  fruit,  and  aid  in  its  dissemination  by 
means  of  the  wind.  The  wings  formed  by  the  adnate  and  accrescent 
bracteoles,  and  the  very  thin  rmd  or  exocarp  of  Pterocarya,  all 
point  to  the  natural  means  of  dispersing  the  fruit  in  this  genus. 


Seedling  (fig.  662). 

HypoGotyl  erect,  terete,  brownish  and  glabrous  in  the  lower  part, 
greenish  upwards  and  thinly  pubescent, 
about  3  cm.  above  the  soil. 

Cotyledons  bipartite,  with  the  pri- 
mary divisions  narrowing  to  a  cuneate 
base,  and  again  deeply  bipartite,  making 
in  all  four  linear-oblong,  obtuse,  entire, 
diverging  and  recurved  segments,  five- 
nerved  from  the  base  of  the  lamina, 
glabrous,  dull  opaque-green  above,  paler 
beneath  ;  midrib  slender,  short,  ending 
at  the  base  of  the  middle  fissure  of  the 
lamina ;  middle  nerve  on  each  side  of 
the  midrib  strong,  running  along  the 
middle  of  the  primary  divisions  of  the 
cotyledons  and  ending  with  a  slender 
point  at  the  base  of  their  fissure,  at  the 
same  time  giving  off  a  strong  lateral  nerve  on  each  side  a  little 
below  the  apex,  which  runs  along  the  middle  of  the  ultimate 


Fig.  662. 
Pterocarya  caucasica. 
Nat.  size. 
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segments  ;  slender  nerves  run  from  the  base  of  the  lamina  near  the 
outer  edge  more  than  half  way  towards  the  apex;  petiole  short, 
deeply  grooved  above,  convex  on  the  back,  glabrous,  about  2-25  mm. 
long ;  lamina  1-5-1-8  cm.  long,  2-3-2-5  cm.  wide  between  the  tips 
of  the  outer  segments. 

Stem  erect,  terete,  glabrous  or  thinly  pubescent,  green,  ulti- 
mately woody ;  1st  internode  2-25  mm.  long. 

Leaves  compound,  cauline,  alternate,  exstipulate,  petiolate,  im- 
paripinnate,  penninerved ;  leaflets  serrate,  numerous. 

No.  1.  Oblong  or  lanceolate,  obtuse  or  acute,  rather  distantly 
serrate,  simple,  sessile  or  subsessile,  glabrous  or  nearly  so,  alternately 
penninerved,  with  a  nerve  running  into  each  serrature. 

Nos.  2-5.  With  more  elongated  petioles,  lanceolate,  acuminate, 
larger,  but  otherwise  similar  to  the  first. 


MYRICACEiE. 

Benth.  et  Hook.  Gen.  PI.  iii.  400. 

Fruit  and  Seed. — The  ovary  is  one-celled  with  a  solitary, 
basal,  erect,  orthotropous  ovule.  The  fruit  is  small,  globose 
or  ovoid,  with  a  fleshy  or  succulent  exocarp  and  a  bony  endo- 
carp.  The  seed  is  erect  and  exalbuminous  with  a  membranous 
testa.  The  embryo  is  straight,  with  fleshy  plano-convex  coty- 
ledons and  a  short  superior  radicle,  the  whole  conforming  in 
shape  to  that  of  the  seed. 

Seedling.— M-jvicQj  caHfornica  (fig.  663)  may  serve  as  a 
type  of  the  Order.  The  cotyledons  are  spathulate-obovate, 
tapered  to  the  base,  with  several  slender,  ascending  nerves  on 
each  side  of  the  midrib,  best  seen  when  fading.  The  first  leaf 
is  small  and  cuneate,  followed  by  three  which  are  cuneate  or 
rhomboid,  trifid  and  serrate.  The  fifth  and  sixth  are  narrowly 
ovate  ;  and  the  seventh  to  the  tenth  inclusive  are  oblong  and 
acute.  The  primary  leaves  as  well  as  the  cotyledons  bear  a 
strong  resemblance  to  those  of  Cratfegus  Oxyacantha,  but  they 
are  covered  with  oily  or  resinous  glands.  The  roots  are 
plentifully  supplied  with  small  tuberous  processes. 
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Myrica  californica,  Cham,  et  ScM.  (fig-  663). 

Friviary  root  long,  tapering,  flexuose,  with  numerous  lateral 
rootlets,  and  furnished  here  and  there  with  small  fleshy  tubercles  or 
nodosities. 

Eyioocotyl  terete,  glabrous,  red,  soon  becommg  woody. 
Cotyledons  spathulate-obovate,  suddenly  narrowed  to  a  subacute 
apex,  gradually  tapered  to  the  base,  sessile,  glabrous,  with  a  distinct 


Fig.  663. — Myrica  californica.    Nat.  size. 


midrib  and  several  slender  nerves  ascending  from  near  the  base 
(probably  best  seen  when  the  cotyledons  are  fading),  reticulated 
towards  the  apex,  9  mm.  long,  4  mm.  wide. 

Stem  erect,  terete,  hairy,  glandular,  red,  soon  becoming  woody  ; 
1st  internode  6*5  mm.  long  ;  2nd  4  mm. ;  8rd  7  mm. 

Leaves  simple,  cauliae,  alternate,  exstipulate,  petiolate,  alter- 
nately penninerved,  thinly  hairy  above,  but  more  especially  on  the 
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upper  side  of  the  petiole,  and  densely  covered  with  small  oily  glands 
on  the  upper  surface,  most  distinctly  visible  when  young  ;  petiole 
semiterete,  flat  above,  somewhat  dilated  at  its  insertion  on  the 
stem. 

No.  1.  Narrowly  cuneate,  serrate  above  the  middle. 

Nos.  2-4.  Cuneate,  or  subrhomboid,  shallowly  trifid  and  serrate, 
similar  to  the  leaves  of  the  common  Hawthorn  (Crat^gus  Oxy- 
acantha. 

Nos.  5  and  6.  Narrowly  ovate,  cuneate  at  the  base,  irregularly 
and  slightly  doubly  serrate. 

Nos.  7-10.  Oblong,  acute,  cuneate  at  the  base,  sharply  and  some- 
what doubly  serrate. 

The  seedling  bears  considerable  resemblance  to  a  young  Cratjegus 
or  Prunus,  both  in  the  cotyledons  and  leaves.  It  also  resembles  a 
young  Betula,  but  the  cotyledons  are  much  larger,  and  the  leaves 
from  the  seventh  onwards  become  oblong.  The  glands  on  the  stems 
and  leaves,  the  penninerved  venation  and  the  oblong  leaves  £i-om  the 
seventh  onwards  are  however  characteristic  of  Myrica.  The  small 
tubercles  on  the  roots  recall  those  of  Alnus  cordifoUa  amongst  the 
Cupuliferte. 


CASUARINE^. 

Benth.  et  Hook.  Gen.  PI.  iii.  401. 

Fruit  and  Seed.—'Ihe  ovary  is  very  small  with  twin,  col- 
lateral, ascending,  semi-anatropous  ovules,  having  a  superior 
micropyle.  The  fruits  are  ovoid  or  cylindrical,  covered  with 
accrescent  bracts  and  bracteoles,  and  arranged  in  a  dense 
cone-like  head.  The  nut  is  laterally  compressed,  produced  into 
a  wing  running  along  the  sides  of  the  style  and  indehiscent. 
The  seed  is  solitary  by  abortion  and  exalbuminous.  The  em- 
bryo is  straight  with  flattened  cotyledons  and  a  superior  radicle. 

Seedling.— The  cotyledons  of  Casuarina  Cunninghamiana 
(fig.  664)  are  oval,  obtuse,  and  sessile.  The  stem  is  quad- 
rangular in  the  seedling  stage.  The  first  two  leaves  are 
opposite,  followed  by  at  least  nineteen  whorls  of  four  leaves 
each,  decussating  and  forming  the  angles  of  the  stem.  They 
are  adnate  to  the  stem  for  the  greater  part  of  their  length  and 
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free  at  the  tips  only.  In  this  respect  they  bear  a  strong 
resemblance  to  the  Equisetacese  and  some  of  the  Coniferse. 

Casuarina  Cuiminghamiana,  Miq_.  (fig.  664). 
Primary  root  slender,  wiry,  flexuose,  with 
similar  lateral  fibres. 

Eijfocotyl  erect,  terete,  glabrous,  wiry,  deep 
sbining  brown,  very  slender,  6-5  mm.-2-l  cm. 
long. 

Cotyledons  oval,  obtuse,  entire,  sessile, 


Fig.  664. — Casuarina 
Cunninghamiana,  x  2. 


Fig.  665. — Casuarina  stricta.   Nat.  size. 


glabrous,  with  a  midrib  slightly  discernible  on  the  under  side  by 
transmitted  light,  deep  green  above,  paler  beneath,  3-4-25  mm. 
long,  l-5-2'5  mm.  wide. 
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Stem  erect,  quadrangular  in  the  seedling  stage,  glabrous,  and 
entirely  covered  by  tlie  decurrent  and  adnate  bases  of  the  leaves, 
deep  green,  ultimately  woody  ;  1st  internode  undeveloped  and  all 
the  rest  very  short. 

Leaves  simple,  entire,  cauline,  verticillate,  exstipulate,  sessile, 
wholly  adnate  to  the  stem  except  the  small  tooth-like  tips,  glabrous, 
deep  green,  with  pale  margins  to  the  tooth-like  tips,  without  any  dis- 
cernible venation,  the  whorls  alternating  one  with  another,  and  by  so 
doing  forming  the  short  alternating  angles  of  the  stem  which  cor- 
respond with  the  lengths  of  the  decurrent  leaves  and  the  internodes. 

Nos.  1  and  2.  Very  short,  opposite,  almost  arising  fi-om  the  same 
level  as  the  cotyledons  and  followed  by  nineteen  whorls  consisting 
each  of  four  leaves,  forming  the  angles  of  the  stem,  and  decussating 
or  alternating  one  with  another,  with  very  minute  free  tips. 

Casuarina  striata,  Ait.  (fig.  665). 

Hypocotyl  erect,  terete,  rising  about  3  cm.  above  the  soU. 

Cotyledons  ovate-oblong,  sessile,  connate,  and  appearing  per- 
foHate,  narrowed  upwards  to  an  obtuse  point,  horizontal,  7"5  mm. 
long,  and  3  mm.  wide. 

Stem  erect,  ridged  and  furrowed,  owing  to  the  base  of  the 
scale-like  leaves  being  decurrent  upon  it ;  1st  internode  very  short ; 
2nd  and  3rd  8  mm.  long ;  4th  to  6th  9  mm. ;  succeeding  ones 
shorter.  The  stem  and  branches  are  articulated  much  hke  those 
of  an  Equisetum,  and  the  branches  or  the  smaller  ones  ultimately 
become  disarticulated  and  fall  hke  deciduous  leaves. 

Leaves  simple,  cauhne,  whorled,  with  the  whorls  decussatmg, 
reduced  to  small  scales,  sometimes  more  or  less  connate  at  the 
base  and  sheathing  the  stem,  the  midribs  decm-rent  upon  the  latter 
forming  slender  ridges,  those  above  alternating  with  those  below 
each  whorl.  The  number  of  leaves  in  a  whorl  varies  from  four 
to  many,  according  to  the  thickness  of  the  young  shoots  bearing 
them. 


CUPULIFERJE. 

Benth.  et  Hook.  Gm.  PI.  iii.  402. 

Fruit  and  Seed.— The  ovary  is  inferior,  and  during  the 
period  of  flowering  often  appears  quite  solid,  but  after  fertili- 
sation it  becomes  more  or  less  perfectly  two-  to  three-celled, 
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rarely  four-  to  sis-celled.  The  ovules  are  solitary  in  each  cell  or 
twin  and  collateral,  inserted  at  or  near  the  apex  of  axile  pla- 
centas, pendulous  and  anatropous  or  nearly  so,  with  a  superior 
micropyle.  The  fruit  is  a  one-celled  nut  and  variously  sur- 
rounded or  included  in  a  cupule  consisting  of  bracts  or  bracte- 
oles  more  or  less  cohering  or  grown  together.  The  shell  of 
the  fruit  is  crustaceous  or  woody  and  indehiscent.  The  seed 
is  most  often  solitary  by  abortion  and  exalbuminous  with  a 
membranous  testa.  The  cotyledons  are  fleshy  or  much  folded 
and  foliaceous,  while  the  radicle  is  short  and  superior. 

About  five  more  or  less  distinct  types  of  seeds  have  come 
under  my  observation.  The  fruit  or  nut  of  Carpinus  Betulus 
(the  Hornbeam)  is  ovate,  and  the  solitary  pendulous  seed  is 
obovate.  The  embryo  is  straight  and  fleshy,  with  obovate, 
entire,  or  emarginate  cotyledons.  The  emargination  is  due  to 
the  fruit  being  occasionally  more  markedly  umbilicate  than 
usual  at  the  base  with  the  wall  projecting  into  the  cavity  at 
that  point.  The  short  radicle  projects  slightly  beyond  the 
cotyledons. 

A  second  type  occurs  in  Corylus  Avellana  (the  Hazel- 
nut) (fig.  668)  which  in  the  wild  state  has  a  more  or  less 
globose  fruit  surrounded  by  a  leafy  cupule.  The  cultivated 
Cobs  and  Filberts,  varieties  of  this  species,  have  much  larger 
and  more  or  less  oblong  fruits.  The  seed  conforms  to  the 
interior,  is  solitary  and  suspended  from  the  apex  of  a  fila- 
mentous, originally  axial  placenta.  The  young  ovary  is  two- 
celled,  but  the  septa  become  ruptured  and  lost  at  an  early 
stage,  leaving  the  placenta  free.  The  latter  gets  pushed 
against  the  sides  of  the  pericarp,  and  is  curved,  like  the  seed, 
in  conformity  with  its  outline,  and  bears  the  remains  of  three 
aborted  ovules  at  its  apex,  besides  a  perfect  seed.  In  some 
botanical  text-books  the  filamentous  placenta  is  spoken  of  as 
the  raphe.  Strong  slightly  forked  nerves  radiate  from  the 
chalaza  all  over  the  testa  towards  the  micropyle.  The  raphe 
and  chalaza  are  ventral  and  next  the  cord-like  placenta.  The 
embryo  is  fleshy  with  plano-convex  or  hemispherical  cotyledons 
enclosing  the  small  plumule  and  the  short  superior  radicle. 
The  seed  of  Corylus  Colurna  is  more  ovoid  and  somewhat  com- 
pressed, with  the  embryo  conforming  to  the  interior.  The 
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cotyledons  are  plano-convex,  and  obovate,  but  in  all  other 
respects  this  species  conforms  to  the  type. 

The  fruit  or  acorn  of  Quercus  pedunculata  (fig.  669)  is 
oblong,  one-celled  and  one-seeded.    The  cotyledons  are  fleshy, 
oblong,  obtuse  or  slightly  emarginate  owing  to  a  thickening  at 
the  chalaza,  and  auricled  at  the  base ;  but  the  auricles  fit 
closely  to  one  another,  hiding  all  but  the  extreme  tip  of  the 
short  radicle.    The  fruit  is  surrounded  at  the  base  by  a  scaly, 
cup-shaped  involucre.  In  the  earliest  stages  it  is  a  three-celled 
ovary  with  two  ovules  in  each  cell  suspended  from  near  the 
middle  of  the  axial  placentas.    Soon  after  fertilisation  one 
ovule  develops  at  the  expense  of  all  the  others,  pushing  them 
aside  as  well  as  the  placentas,  so  that  at  this  stage  the 
ovary  in  either  transverse  or  longitudinal  section  appears 
lopsided.    The  septa  become  ruptured  or  destroyed  and  the 
placenta-bearing  axis  gets  severed  from  the  apex  of  the  ovary 
and  ceases  to  lengthen.    The  ovule  in  the  early  stage  is 
pendulous,  and  anatropous  with  the  hilum  a  little  below 
the  top.    As  the  ovary  increases  in  length  and  the  axial 
column  gets  torn  from  the  top,  the  young  seed  increases  in 
length  much  faster  above  than  below  its  attachment,  till  in  the 
full-grown  state  it  is  practically  orthotropous.    The  chalaza 
is  basal  and  gives  off  numerous,  strong,  branching  veins 
radiating  all  over  the  testa  up  to  the  micropyle.    It  is  really 
very  close  to  the  hilum  owing  to  the  extreme  shortness  of  the 
raphe  (see  diagram,  fig.  669).    The  seed  is  sessile  and  the 
axial  column  really  very  short  and  firmly  squeezed  against 
the  base  of  the  ovary  by  the  seed  which  completely  fills  the 
cavity. 

A  fourth  type  is  represented  by  Castanea  vulgaris  (the 
Chestnut)  the  fruits  of  which  are  generally  grouped  three 
together  within  a  four-leaved  bristly  involucre.  The  ovary 
consists  of  six  to  nine  carpels,  uniting  to  form  as  many  cells 
with  a  pair  of  pendulous  anatropous  ovules  in  each  cell.  It 
soon  becomes  one-celled  by  the  rupture  of  the  placentas,  and 
one,  rarely  two,  seeds  develop  at  the  expense  of  the  rest.  The 
ovary  is  densely  lined  internally  with  silky  hairs.  The  seedia 
ovoid  or  triangular-ovoid  according  to  the  pressure  brought 
to  bear  upon  it  by  others.    The  cotyledons  become  concave 
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towards  one  another  at  an  early  stage,  and  ultimately  fleshy, 
occupymg  the  whole  of  the  seed,  wrmkled  both  internally  and 
externally,  undulate  and  interlocking  with  one  another  at  the 
margin. 

Fagus  sylvatica  (the  Beech)  constitutes  a  fifth  type.  The 
cupule  consists  of  numerous  bracteoles  amalgamated  in  four 
large  pieces  which  completely  enclose  the  two  to  fom%  generally 
two  fruits,  and  ultimately  spread  open  to  allow  of  the  dispersion 
of  the  latter,  which  are  triquetrous  with  three  wings  extending 
from  the  apex  to  below  the  middle.  The  seed  is  bluntly 
trigonous  and  does  not  completely  fill  the  angles  of  the 
fruit.  The  fruit  is  three-celled  m  the  ovarian  stage,  with  two 
anatropous  ovules  suspended  from  near  the  apex  of  each  cell. 
In  nearly  every  case  one  ovule  develops  at  the  expense  of  the 
rest.  The  ovary  soon  becomes  one-celled  by  the  ruptm-ing  of 
the  septa ;  but  the  axial  column  remains  attached  to  the  apex 
of  the  cavity  and  carries  the  anatropous  seed  suspended  from 
near  the  apex.  The  embryo  at  an  early  stage  becomes  doubled 
upon  itself  longitudmally  and  covers  two  of  the  sides  of  the 
triangular  cavity.  Then  growth  continuing  at  the  edges  of  the 
cotyledons  the  primary  folds  are  pushed  into  the  centre  of  the 
cavity.  The  edges  of  the  cotyledons  become  reversed  towards 
the  angle  of  the  ovary  occupied  by  their  middle  portion  ;  and 
when  they  have  grown  m  this  direction  till  they  again  'meet 
with  resistance,  they  double  back  again  so  that  in  the  full- 
grown  seed  they  consist  of  four  folds  so  arranged  as  to  fill 
the  trigonous  seed  and  that  again  the  triquetrous  fruit.  They 
can  therefore  become  aerial  and  green  during  germmation,  and 
differ  in  these  respects  from  any  of  those  mentioned  above. 

The  greater  number  of  the  fruits  of  this  Order  are  adapted 
to  be  transported  by  animals,  to  which  they  serve  as  food. 
Those  of  the  Hornbeam,  however,  are  winged. 

Seedlings.— Fom  more  or  less  distinct  types  coming  under 
my  observation  have  aerial  cotyledons,  while  in  a  fifth  case 
they  are  subterranean  during  germination.  The  simplest  type 
is  that  of  Betula  alba  (fig.  672)  which  has  small,  oblong-ovate 
shortly  stalked  cotyledons,  showing  a  faint  midrib.  The  first 
two  leaves  are  ovate,  followed  by  three  more  or  less  triangular 
ones.    The  sixth  is  cordate.    AU  are  unequally  serrate  and 
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penninerved  with  the  basal  pair  of  nerves  the  strongest.  The 
leaves  of  the  adult  are  doubly  serrate  or  even  somewhat 
lobed. 

The  cotyledons  of  Alnus  cordifolia  (fig.  666)  are  oblong- 
oval,  entire,  and  obscurely  trinerved  at  the  base.  The  first 
two  leaves  are  broadly  ovate ;  and  the  three  following  ones  are 
more  or  less  cordate  and  broad ;  all  are  serrate.  The  cotyle- 
dons of  Alnus  mcana  laciniata  differ  in  being  broadly  oval, 
emarginate,  and  faintly  showing  a  midrib.  The  first  leaf  is 
broadly  cuneate  and  coarsely  serrate. 

Carpinus  Betulus  (fig.  667)  is  very  distinct  from  any  of  the 
above,  and  has  roundly  obovate,  shortly  petiolate  cotyledons 
distinctly  auricled  at  the  base  of  the  lamina.  The  first  leaf  is 
broadly  triangular,  lobulate  and  serrate ;  the  second  is  ovate- 
subcordate;  and  the  third  ovate.  All  have  a  pennmerved 
venation,  but  this  is  particularly  well  marked  m  the  adult 
leaves,  which  are  also  phcate,  and  finely  doubly  serrate. 

One  of  the  most  striking  types  in  the  Order  is  that  of  Fagus 
sylvatica  (fig.  671)  which  has  large,  foliaceous,  transversely  oval 
and  sessile  cotyledons,  auricled  at  the  base,  and  longitudinally 
plicate,  with  many  radiating  forking  veins,  branching  from 
two  primary  ones  and  spreading  over  the  lamma  in  a  fan-  -. 
shaped  manner.     The  lamina  further  is  entire  or  obscui-ely  • 
crenate  along  the  apical  margin,  and  is  1-7-3  cm.  long  and  1 
3-4-7  cm.  wide.    This  peculiar  shape  and  great  size  is  due  > 
to  their  being  membranous  and  much  folded  in  the  seed  so  as  ; 
to  occupy  the  whole  interior  of  the  triquetrous  fruit  to  which  i 
the  trigonous  seed  conforms.    The  first  two  leaves  are  opposite, 
ovate,  obscurely  dentate,  penninerved,  with  the  veins  shghtly 
incurved  at  their  tips  or  running  into  the  marginal  teeth. 
The  third  leaf  is  alternate,  broadly  ovate,  obscurely  crenate, 
much  smaller  than  the  first  two,  and  generally  terminates  the 
first  season's  growth. 

The  cotyledons  of  Quercus  Ilex  (fig.  670)  are  oblong,  plano- 
convex, fleshy  and  subterranean.  They  are  auricled  at  the 
base  and  petiolate,  and  although  the  pericarp  splits  longi- 
tudinally when  they  swell  during  germination,  they  never 
quit  the  acorn.  The  first  five  leaves  are  linear-subulate, 
minute,  scarious,  brownish  and  caducous.    The  sixth  is  some- 
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what  larger,  cimeate  and  trifid  at  the  apex ;  the  seventh  and 
eighth  are  foliaceous  but  small.  The  ninth  is  much  larger, 
lanceolate-oblong,  and  distantly  serrate.  The  tenth  to  the 
thirteenth  inclusive  are  elliptic-oblong,  irregularly  penni- 
nerved  and  acutely  serrate.  The  above  characters  of  the 
primary  leaves  vary  according  to  the  vigour  of  the  seedhng 
and  the  conditions  under  which  germination  takes  place. 
The  primary  internodes  have  not  the  power  of  elongating,  so 
that  when  an  acorn  happens  to  be  deeply  buried  with  dead 
leaves  in  a  wood  or  plantation  the  primary  leaves  are  arrested 
-in  growth  and  scale-like,  while  those  leaves  or  most  of  those 
(probably  never  all)  which  reach  the  light  become  green  and 
foliaceous.  The  leaves  of  the  adult  tree 
are  mostly  quite  entire  except  in  the 
variety  Q.  I.  serratifolia. 

The  cotyledons  of  Q.  pedunculata 
are  also  subterranean.  Several  of  the 
primary  leaves  are  reduced  to  scales  as 
in  the  last  case  and  probably  for  the  same 
reason.  The  first  green  and  foHaceous 
leaf  is  obovate-oblong  and  shallowly 
lobed  at  the  top.  Succeeding  ones  are  ob- 
ovate  or  obovate-oblong,  and  irregularly 
lobed  with  alternate  nerves  running  into 
the  lobes.  The  cotyledons  of  Corylus  are 
also  subterranean. 

Alnus  cordifolia,  Ten.  (fig.  666). 

Primcmj  root  tapering,  flexuose,  with  a 
few  small  lateral  rootlets  knotted  with  sessile 
tubercles. 

Hypocotyl  woody,  erect,  terete,  finely 
pubescent,  brown,  1-75  cm.  long. 

Cotyledons  broadly  oblong  or  oblong- 
oval,  obtuse,  petiolate,    glabrous,  rather 
fleshy,  obscurely  trinerved   at  the  base, 
pale  green;  lamina  7-5  mm.  long,  5  mm.  wide;  petiole  grooved 
above,  rounded  and  slightly  pubescent  on  the  back,  2  mm.  long. 

Sfm  woody,  erect,  terete,  pubescent,  brown;  1st  internode 
4-2o  mm.  long ;  2nd  3  mm.  ;  3rd  3-25  mm. 

Leaves  simple,  cauline,  alternate,  stipulate,  petiolate,  thinly 

M  M  2 


Fig.  CGG. 
Alnus  cordifolia. 
Nat.  size. 
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scaly  above,  floccose  along  the  midrib  and  base  of  principal  neiTes 
with  dirty  white  hairs,  otherwise  glabrous,  deep  green  and  shining 
above,  paler  beneath,  alternately  penninerved,  finely  reticulate; 
petioles  terete,  glabrous,  obsoletely  channelled  on  the  upper  side, 
scaly  when  young,  tapering  upwards  from  a  stoutish  base  ;  stipules 
lanceolate,  acute,  scaly  on  the  back,  soon  becoming  revolute  and 
caducous ;  leaf-buds  viscid. 

Nos.  1  and  2.  Small,  broadly  ovate,  acute,  or  cuspidate,  irre- 
gularly and  acutely  serrate,  shghtly  unequal  at  the  base. 

No.  3.  Broadly  subcordate,  acute,  irregularly  and  acutely  serrate. 

Nos.  4  and  5.  Ovate-subcordate. 

Ultimate  leaves  cordate,  obtuse,  cuspidate,  minutely  and  mucro- 
nately  serrate-dentate  ;  larger  nerves  subincurved. 

Carpinus  Betulus,  L. 

Ovary  of  two  carpels,  one-celled  or  hnperfectly  two-celled  in  a 
very  young  state,  with  two  ovules  in  one  or  both  of  the  ceUs  ;  ovules 
pendulous,  anatropous  ;  micropyle  superior,  close  to  the  hilum. 

Fruit  a  nut,  ovate,  compressed,  umbihcate  at  the  base,  tipped 
with  the  persistent,  superior,  perianth-segments  (which  are  unequal 
in  size  and  irregular  ui  number),  strongly  eight-  to  nine-ribbed, 
glabrous,  green,  ultimately  yellowish  ;  endocarpbony  ;  pericarp  thm, 
brown,  membranous.  .  . 

Seed  obovate,  compressed,  pendulous  from  the  top  of  the  cavity, 
entirely  occupying  the  interior  of  the  nut,  and  conforming  to  its 
shape  ;  radicle  superior,  close  to  the  hilum ;  raphe  ventral  on  one 
edge  of  the  seed,  sometimes  removable ;  chalaza  ventral,  a  httle 
above  the  base  on  one  angle,  sending  off  a  nerve  to  the  base  which 
forks  there,  one  branch  passmg  along  each  side  of  the  apes  of  the 
cotyledons,  besides  four  on  each  face  of  the  seed  which  occasionaUy 
fork  These  nerves  however  are  not  always  constant  m  number, 
and  may  be  different  on  the  two  sides  of  the  same  seed.       _  _ 

Embryo  straight,  large,  and  occupymg  the  whole  of  the  interior 
of  the  seed  to  which  it  conforms ;  cotyledons  obovate  or  oval  applied 
face  to  face,  colourless,  shining,  fleshy,  shghtly  convex  on  the  back, 
entire  at  both  ends,  or  sometimes  emarginate  at  the  apex;  radicle 
superior,  shghtly  protruded  beyond  the  cotyledons. 

Seedling  (fig.  667). 

Frimary  root  short,  tapering,  dark-colom-ed,  ginng  off  smaU 

wiry  rootlets,  flexuose.  .    a     r..^  ei,«,-flv 

Hypocotyl  erect,  terete,  soon  becoming  woody,  flexuose,  shoitly 

pubescent,  brownish,  8-4-5  mm.  long. 
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Cotyledons  rotund- ob ovate,  obtuse,  shortly  petiolate,  auricled  at 
the  base,  concave  on  the  upper  face,  rather  fleshy,  green  and  rising 
above  the  soil,  glabrous  except  the  petiole, 
which  is  short,  slightly  grooved  on  the 
upper  side  and  pubescent,  1-5  mm.  long. 

Stevi  soon  becoming  woody,  erect, 
terete,  zigzag  from  leaf  to  leaf,  pubes- 
cent ;  1st  internode  '75  mm.  long ;  2nd 
1-5  mm. ;  3rd  3-5  mm. ;  4th  2-25  mm. 

Leaves  simple,  cauline,  alternate, 
stipulate,  petiolate,  glabrous  except  on 
the  nerves  beneath  and  the  petioles, 
pennmerved  with  ascending  parallel 
nerves  running  into  the  serratures, 
phcate,  especially  when  young,  doubly 
and  euspidately  acuminate,  serrate ; 
petioles  slender,  channelled  above,  short, 
pubescent ;  stipules  free,  subulate,  acute, 
hairy,  brownish-green. 

No.  1.  Triangularly  ovate,  lobulate 
and  doubly  serrate,  with  acute  serratures. 

No.  2.  Ovate-subcordate,  acute,  doubly 
serrate. 

No.  3.  Ovate,  acute,  narrowed  sHghtly 
at  the  base,  but  rounded,  doubly  serrate. 

Ultimate  leaves  ovate,  acuminate, 
doubly  serrate,  slightly  unequal  at  the 
base,  plicate,  with  ascending  parallel  nerves,  glabrous  above,  sparsely 
hairy  on  the  nerves  beneath  with  a  woolly  tuft  in  the  axils  of  the 
lateral  veins  where  they  join  with  the  midrib,  petiolate;  petioles 
terete,  hairy,  tapering  upwards  from 
a  stout  base,  8-12  mm.  long. 

Corylus  Avellana,  DG.f.  (fig.  668). 

Ovary  of  two  carpels,  two-celled, 
each  cell  two-ovuled ;  ovules  pendu- 
lous, anatropous ;  micropyle  superior. 

Fruit  a  glans  or  nut  surrounded 
at  the  base  by  an  involucre  which  is 
double  (the  outer  series  or  bracts  being 
short  and  little  cut,  the  inner  or  brac- 
teoles  large,  accrescent  and  deeply  laciniated),  oblong-ovoid,  ovoid 
or  globose,  glabrous  except  at  the  top  which  is  densely  and  finely 


Pig.  667. 
Carpimts  Setulus.  Nat.  size. 


Fig.  663.— Corylus  Avellana. 
Vertical  section  of  nut,  nat.  size, 
witli  seed  pulled  out :  o,  aborted 
ovule ;  m,  micropyle  ;jpZ,  placen- 
tal axis  ;  r,  raphe ;  ch,  chakza. 
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pubescent,  and  marked  with  two  scars  showing  the  remains  or 
trace  of  the  perianth,  and  indicating  the  bicarpellary  nature  of  the 
fruit,  indehiscent,  one-celled,  one-seeded,  with  remains  of  three 
aborted  ovules,  one  of  which  in  some  rare  instances  seems  to  have 
been  fertilised  and  grown  to  some  size ;  pericarp  woody,  hned 
internally  with  brown  spongy  and  scaly  matter. 

Seed  globose  or  otherwise  conforming  to  the  shape  of  the  peri- 
carp, suddenly  narrowed  to  a  short  point  at  the  apex,  pale  yellowish- 
white,  strongly  marked  with  diverging  simple  or  slightly  forking 
veins  radiating  from  the  chalaza  to  the  micropyle ;  raphe  about 
3" 5  mm.  long,  ventral  and  next  to  the  cord-like  placenta  arising 
from  the  base  of  the  fruit  and  passing  along  the  side  of  the  seed 
(cf .  Quercus) ;  hilum  lateral  a  little  below  the  apex ;  micropyle 
and  radicle  superior  ;  testa  thin,  membranous. 

Embryo  straight,  occupying  the  whole  interior  of  the  seed,  fleshy, 
yellowish-white ;  cotyledons  plano-convex,  thick,  oily,  each  occupy- 
ing half  of  the  seed,  semi-orbicular,  cuspidate  at  the  apex,  or  oblong- 
cuspidate  ;  radicle  small,  superior  ;  plumule  small. 

Germination. — The  thick  cotyledons  remain  in  the  fruit,  and 
are  not  carried  above  the  soil.  The  plumule  forces  itself  out  of  the 
nut  and  develops  hypocotyl  and  rootlet.  The  cotyledons  gradually 
become  aborted  ;  at  their  outer  side  are  seen  two  yellow  swellings 
(rudimentary  stipules)  which  also  remain  in  the  earth. 

Quercus  pedunculata,  Ehrh.  (fig.  669). 

EAKLY  DEVELOPMENT  OP  FKUIT  AND  SEED. 

When  the  acorn  and  cupule  together  equal  the  size  of  a  pea,  all 
the  ovules  are  of  equal  size  and  decidedly  pendulous,  oblong,  obtuse 
at  the  lower  and  apical  end,  narrowed  above  the  attachment  with 
the  micropyle  prolonged  into  a  small,  obtuse,  hooked  point ;  the 
raphe  is  ventral ;  the  chalaza  apical  and  inferior  ;  the  hilum  form- 
ing a  longish  attachment  on  the  ventral  aspect  with  no  free 
funicle. 

After  fertilisation  one  ovule  develops  rapidly,  becommg  more 
or  less  broadly  ovoid,  attached  to  the  axis  along  one  side,  with  the 
subconical,  obtuse,  micropylar  process  still  free  and  somewhat  con- 
spicuous. The  cell  containing  this  ovule  is  the  only  one  that 
develops,  containing  the  young  seed  and  one  aborted  ovule.  The 
other  two  cells  of  the  ovary  remain  small  and  gradually  become 
pushed  on  one  side  with  their  aborted  ovules. 

When  the  acorn  has  attained  a  diameter  of  1-1  cm.,  and  a 
length  of  1  cm.  including  the  withered  styles,  the  young  seed  is 


CUPULIFERiE 


535 


•^iU  distinctly  pendulous,  but  is  now  oblong-obovoid,  apiculate,  and 
the  placenta  remaining  short,  develops  in  length  towards  the  apex 
of  the  fruit  as  the  latter  grows  ;  the  attachment  with  the  small 
aborted  ovules  is  now  distinctly  below  its  middle. 

The  embryo  at  this  stage  is  suspended  from  the  apex  of  the  seed 
and  shows  a  distinct,  short,  turbinate  radicle,  -5  mm.  long,  with 
fleshy,  lenticular,  diverguig,  subtransparent,  exauriculate  cotyledons 
2  mm.  long  and  2-25  mm.  wide.  The  endosperm  occupying  the 
basal  part  of  the  seed  is  also  subtransparent,  soft  and  in  a  semi- 
gelatinous  condition. 

Pistil  enclosed  in  an  involucre  or  cupula,  composed  of  imbricat- 
ing bracts  firmly  cohering  by  their  bases  ;  ovary  of  three  carpels, 
three-celled,  with  two  ovules  in  each  cell ;  ovules  pendulous,  ana- 
tropous,  from  the  top  of  the  cell  with  a  prominent,  projecting, 
superior  micropyle. 

Fruit  an  acorn  or  glans,  ovoid  or  oblong,  flattened  at  its  junction 
with  the  receptacle,  and  umbilicate  at  the  apex  with  the  remains  of 
the  styles  springing  from  the  middle  of  the 
hollow,  smooth,  glabrous,  shining,  pale 
green,  ultimately  brown  ;  perianth  adhering 
to  the  ovary  and  with  it  forming  the  peri- 
carp ;  seed  tree  within  the  pericarp.  By 
early  rupturing  of  the  septa  the  fruit  be- 
comes one-celled  and  one-seeded  as  the  re- 
maining five  ovules  are  not  fertHised,  but 
become  firmly  pressed  to  the  base  of  the 
ovary  cavity  by  the  large  growing  seed. 

Seed  large,  filling  the  pericarp,  ovoid- 
oblong,  slightly  oblique  at  the  base  and 
blunt  at  the  apex ;  hilum  basal ;  raphe 
very  short  or  none  (longer  in  Q.  Hex,  at 
least  in  a  younger  state  when  the  base  of  the  seed  is  very  oblique  or 
even  produced  to  a  point)  ;  chalaza  very  conspicuoiis,  giving  off 
strong,  radiating,  longitudinal,  forking,  branching  and  anastomosing 
nerves  which  vary  considerably ;  radicle  apical,  short,  and  just 
protruded  from  the  cotyledons. 

Endosperm  absent. 

Embryo  straight,  large,  entirely  occupying  and  conforming  to 
the  whole  interior  of  the  seed,  which  again  conforms  to  the  fruit, 
fleshy,  pale  yellow  ;  cotyledons  broadly  oblong  or  suboval,  plano- 
convex, with  their  flattened  faces  firmly  applied  to  each  other, 
entire  at  the  apex  or  slightly  emarginate  owing  to  a  prominence  of 


Fig.  669. — Quercus  pedwn- 
culata. 
Diagram  of  acorn  and 
seed,  nat.  size  :  o,  abor- 
ted ovule  (pendulous, 
anatropous) ;  a,  axis 
elongated  to  show  its 
nature  ;  ch,  chalaza ;  m, 
micropyle. 
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the  chalaza  where  it  is  attached  to  the  embryo-sac,  and  most  often 
with  a  shallow  sinus,  notched  at  the  base  of  the  inner  face  where 
the  short  radicle  and  small  plumule  are  seated  ;  plumule  attached 
io  the  mner  face  of  the  cotyledons  a  little  above  the  base. 

Seedling^. 

Primary  root  and  hypocotyl  very  similar  to  those  of  Q.  Ilex. 
Cotyledons  in  every  respect  similar  to  Q.  Ilex,  remaming  in  the 
nut  and  auricled  at  the  base. 

Several  of  the  primary  leaves  are  reduced  to  scales.  First 
green  leaf  obovate-oblong,  bluntly  and  shallowly  lobate  at  the  apex. 

Succeeding  leaves  obovate  or  obovate-oblong,  irregularly  lobed, 
with  strong  ascending  nerves  running  into  the  irregular  lobes,  gla- 
brous except  on  the  midrib  above  and  the 
principal  nerves  beneath  where  they  are 
pubescent,  pale  green,  often  suffused  with 
brown. 

Guercus  Ilex,  L.  (fig.  670). 

Primary  root  long,  woody,  fiexuose, 
tapering,  dark-coloured,  wiry. 

Hypocotyl  woody,  subterranean,  very 
stout,  dark-coloured,  flexuose,  more  or  less 
distinct  from  the  root. 

Cotyledons  subterranean,  thick,  fleshy, 
applied  face  to  face  in  the  testa,  and  convex 
on  the  back,  longitudinally  wrinkled,  obo- 
vate-oblong in  outline,  retuse  at  the  apes, 
petiolate  and  produced  behuid  the  petiole 
into  a  thin  appendage  ;  petioles  both  curved 
to  one  side  of  the  stem,  about  1'2  cm.  long ; 
lamma  including  auricle  2-25  cm.  long, 
1  cm.  wide. 

Stem  woody,  erect,  terete,  somewhat  zig- 
zag from  node  to  node,  pale  green,  steUately 
pubescent,  hoary  when  the  tree  attains  some 
age ;  1st  internode  1  cm.  long ;  2nd- 
4th  each  about  1  mm. ;  5th  5-5  mm. ; 
6th  2-5  mm. ;  7th  1  cm.  ;  8th  1-75  mm. ; 
Fio.  m-Quercus  Ilex,    gti^  5  j^^.  ^Qth  2'5  mm. ;  11th  2-5  mm.; 

Half  nat.  size.  ,  ,  m,         1       ,  i 

12th  3-5  mm. ;  18th  2  mm.  These  lengths 
are  liable  to  some  variation  in  different  seedlings,  but  they  indicate 
the  general  tendency. 
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Leaves  sim-ple,  cauline,  alternate,  stipulate,  petiolate,  evergreen, 
stellately  pubescent  on  both  surfaces,  deep  green  and  shining  on 
the  upper  surface,  ultimately  glabrous  there  in  the  adult  or  old 
stage  of  the  tree,  and  hoary  with  stellate  pubescence  on  the  under 
surface,  penninerved,  distantly  serrate  in  the  seedling  stage,  but 
nearly  always  quite  entire  in  the  adult  tree  ;  petioles  short,  terete, 
stout  at  the  base,  and  tapering  upwards,  stellately  pubescent ;  stip- 
ules hnear-subulate,  attenuate,  dry,  scarious,  brownish,  caducous. 

Nos.  1-5.    Small,  scarious,  brown  scales. 

No.  6.  Very  small,  cuneate,  tridentate  at  the  apex. 

No.  7.  Small,  oblong. 

No.  8.  Small,  obovate. 

No.  9.  Lanceolate-oblong,  distantly  serrate,  revolute  and  carti- 
laginous at  the  margin,  3-3  cm.  long,  1-2  cm.  wide. 

No.  10.  Elliptic-oblong,  acute,  distantly  serrate. 

Nos.  11-13.  Elhptic-oblong,  acute,  acutely  serrate. 

The  leaves  of  the  typical  form  in  the  adult  tree  are  oblong  or 
ovate-oblong,  acute,  nearly  always  quite  entire,  revolute  at  the 
margin,  deep  green  and  shining  above,  hoary  beneath  with  a  stel- 
late pubescence.  Q.  Ilex  var.  serratifoha  has  the  leaves  serrate  even 
in  the  adult. 

Castanea  vulgaris,  Lam. 

Pistils  generally  three  together,  enclosed  in  a  four-leaved  in- 
volucre covered  with  a  dense  mass  of  compound  stellately-branching 
bracts ;  ovary  of  six  to  nine  carpels,  six-  to  nine-celled  with  two 
ovules  in  each  cell ;  ovules  pendulous,  anatropous ;  micropyle 
superior,  a  little  above  the  hilum. 

Fruit  a  nut,  at  first  six-  to  nine-celled,  but  soon  becoming  one- 
celled  and  one-,  rarely  two-seeded,  ovoid,  compressed  on  the  inner 
side  of  the  two  lateral  ones,  and  on  two  sides  of  the  middle  one, 
glabrous  at  the  base  externally  but  silky  towards  the  top,  and 
densely  lined  internally  with  silky  white  hairs.  Involucre  opening 
to  allow  the  indehiscent  fruits  to  escape. 

Seed  triangular-ovoid,  usually  deeply  furrowed  longitudinally 
on  the  ventral  side,  radiately  nerved  from  the  radicle  or  micropyle 
downwards  and  slightly  anastomosing  ;  raphe  ventral ;  hilum  near 
the  apex  on  the  ventral  aspect,  and  below  the  radicle. 

Endosperm  always  thin,  transparent,  jelly-Uke,  occupying  all  the 
lower  part  of  the  seed  while  the  embryo  is  young,  but  ultimately  all 
absorbed  by  the  embryo,  leaving  the  seed  exalbuminous. 

Embryo  straight,  fleshy,  transparent  white,  ultimately  large, 
occupying  the  whole  interior  of  the  seed,  and  then  milky  white,  or 
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yellowish  externally  ;  cotyledons  from  an  early  stage  becoming  con- 
cave, triangular  or  cucuUate,  conforming  to  the  interior  of  the  seed 
with  the  endosperm  inside  or  between  them.  As  they  progress  to 
maturity  they  develop  along  the  base  of  the  seed  till  they  meet,  with 
the  last  remains  of  the  endosperm  between  them.  They  now 
become  thicker,  fleshier  and  more  sohd,  wrinkled  both  externally 
and  internally  and  undulate  at  the  margin  whereby  they  firmly 
interlock. 

Germination. — The  pericarp  splits  in  the  earth  at  the  apex  so 
that  the  shoot  and  rootlet  can  emerge  and  develop.  The  two  large 
cotyledons  rich  in  starch  remain  in  the  earth  enclosed  in  the  pericarp 
and  are  gradually  absorbed.    The  first  leaf  is  entire. 

Fagus  sylvatioa,  L. 

EARLY  DEVELOPMENT  OF  FEUIT  AND  SEED. 

Pistil  of  three  carpels  and  three-celled  in  the  early  stage  with 
very  hairy  loose  dissepiments  becoming  easily  detached  from  a 
central,  filiform,  placental  axis,  traversing  the  whole  length  of  the 
ovary  and  bearing  the  ovules  near  the  apex. 

Ovules  two  in  each  cell,  making  in  all  six,  pendulous,  anatropous ; 
raphe  ventral ;  chalaza  basal ;  micropyle  superior,  elongated  and 
projecting  into  the  neck  of  the  cell  below  the  base  of  the  styles,  and 
considerably  beyond  the  attachment  of  the  ovule  ;  hilum  ventral,  a 
little  below  the  apex  of  the  seed. 

After  fertilisation  and  when  the  nut  has  attained  its  full  size  or 
nearly  so,  one  ovule  only  begins  to  enlarge  rapidly  while  the  others 
become  shrivelled  and  brown.  This  ovule  is  narrowly  oblong, 
pointed  at  the  micropyle  and  obtuse  at  the  apical  and  lower  end, 
with  a  distinctly  prominent  raphe  and  chalaza.  Owing  to  the  rapid 
development  of  the  ovary,  the  ovule  is  very  short  even  after  the  nut 
has  nearly  attained  its  full  size. 

When  the  young  seed  has  grown  about  half  the  length  of  the 
ovary  or  more  it  becomes  oblong  and  trigonous,  in  conformity  with 
the  interior  of  the  ovary. 

The  coarsely  hairy  lines  seen  on  each  side  of  the  placental 
axis  correspond  to  the  original  septa  of  the  primarily  three-celled 
ovary. 

The  embryo  has  its  cotyledons  already  folded  once  in  conformity 
with  the  trigonous  character  of  the  fruit.  A  little  later  on  the 
cotyledons  get  too  vdde  for  the  cavity  of  the  fruit,  and,  con- 
tinuing to  increase,  their  edges  become  doubled  back  in  two 
of  the  angles  of  the  seed,  and  the  folds  thus  produced  have  the 
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effect  of  pushing  the  primary  one  right  across  the  middle  of  the 
seed,  and  this  position  is  retained  permanently. 

Fruit  a  one-celled,  one-seeded  nut,  of  which  there  are  two  to  four, 
usually  two,  in  an  involucre,  indehiscent,  triquetrous,  keeled  from 
the  top  to  below  the  middle,  tipped  with  the  hairy  five-  to  six-lobed 
perianth  and  plumy  remains  of  style,  deep  brown,  shining,  crusta- 
ceous,  gla'brous  except  at  the  top  which  is  pubescent ;  by  the  early 
rupture  of  the  septa  the  ovary  becomes  one-celled,  while  the  axile 
placenta  grows  with  it  and  equals  it  in  length  or  nearly  so.  (Cf. 
Quercus.) 

Seed  strongly  trigonous,  or  subtriquetrous  conforming  to  the 
interior  of  the  pericarp  ;  testa  thin,  membranous,  pale  brown,  marked 
with  nerves  proceeding  from  the  chalaza  to  the  micropyle,  pendulous 
from  the  top  of  the  cell,  or  rather  from  the  placenta  near  the  top  ; 
chalaza  basal,  distmctly  elevated  ;  hilum  subapical  or  about  1  mm. 
below  the  apex,  small ;  raphe  long,  running  from  the  hilum  along 
one  face,  or  along  one  angle  of  the  seed  in  a  wavy  manner. 

Endosperm  absent. 

Embryo  straight,  large,  entirely  filhng  the  seed  when  mature, 
and  conforming  to  it  in  shape,  colourless  or  pale  yellow  ;  cotyledons 
apphed  face  to  face,  and  plaited  longitudinally,  first  with  one  large  fold 
reaching  from  one  angle  of  the  cell  to  the  middle  of  the  flat  face  oppo- 
site, or  in  other  words  dividing  the  triangle  in  two  equal  halves  ;  both 
cotyledons  are  then  reversed  on  either  side  of  the  four  folds  form- 
ing the  first  division,  and  after 
proceeding  backwards  for  some 
way  are  again  turned  forwards  in 
the  original  direction,  thus  filling 
the  other  two  angles  of  the  seed. 

.  Seedling  (fig.  671). 

Primary  root  long,  stout, 
tapering  downwards  and  after  a 
time  giving  off  freely  short  fibrous 
lateral  rootlets. 

Hypocotyl  erect,  stout,  be- 
coming more  slender  upwards, 
angled  and  furrowed,  pale  green, 
soon  becoming  brown,  glabrous,  '^'^^if^^^^J^^^'^*^""" 
8-5"6  cm.  long. 

Cotyledons  large,  foliaceous,  transversely  oval,  sessile,  auricled 
at  the  base,  with  a  fan-shaped  venation,  the  nerves  radiating  and 
branching  towards  the  margin  from  two  main  trunks,  right  and 
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left  of  the  axis  of  the  plant,  broadest  along  the  upper  edge  and 
entire  or  obscurely  crenate,  glabrous,  deep  green  above,  white 
beneath,  1-7-3  cm.  long,  3-4-7  cm.  wide. 

Stem  erect,  terete,  hairy  or  pubescent  when  young,  glabrescent, 
pale  green,  ultimately  woody,  arborescent ;  1st  intemode  2-5-4-5  cm. 
long. 

Leaves  simple,  cauline,  alternate  (first  two  opposite),  stipulate, 
petiolate,  alternately  penninerved  and  finely  reticulate,  pubescent 
on  both  surfaces  when  young,  glabrescent,  shining  on  both  sur- 
faces, deep  green  above,  paler  beneath,  deciduous ;  petioles  terete, 


Fig.  672. — Betula  alba.    Nat.  size. 


or  nearly  so,  slightly  channelled  on  the  upper  side,  densely  haiiy,  at 
least  when  young,  comparatively  short ;  stipules  oblong-obtuse, 
narrow,  pale  brown,  scarious,  hairy,  caducous. 

Nos.  1  and  2.  Opposite,  broadly  ovate,  obtuse,  obtusely  crenate- 
serrate. 

No.  3.  Alternate,  broadly  ovate,  obtuse,  entire  or  obsoletely 
crenate,  much  smaller  than  the  first  two. 
This  terminates  the  first  season's  growth. 
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Betula  alba,  L.  (fig.  672). 

Eypocotyl  erect,  terete,  pale  green,  densely  pubescent,  8  mm. 
above  the  soil. 

Cotyledons  small,  oblong-ovate,  obtuse,  petiolate ;  lamina  gla- 
brous, 3-4  mm.  long,  2-5-3  mm.  wide  ;  petiole  grooved  above, 
rounded  and  pubescent  on  the  back,  1-5  mm.  long. 

Stem  vfoody,  erect,  terete,  pubescent  at  tlie  base,  hairy  up- 
wards, ultimately  with  the  bark  peehng  off  longitudinally  in  stripes 
leaving  the  trunk  white ;  1st  internode  4  mm.  long  ;  2nd  6  mm. ; 
3rd  4  mm. ;  4th  7  mm. ;  5th  9*5  mm. 

Leaves  simple,  cauline,  alternate,  stipulate,  petiolate,  alternately 
penninerved,  glandular  on  both  surfaces  and  hairy  when  in  the 
young  or  seedling  stage,  ultimately  glabrous  and  dotted  with  sessile 
glands  on  both  surfaces,  deep  green  above,  pale  beneath  ;  petioles 
subterete,  channelled  above,  densely  pubescent  in  the  seedling 
stage,  glabrous  in  adult  specimens  after  full  development,  slightly 
twisted  so  as  to  bring  the  surface  of  the  leaf  up  to  the  light  in 
pendent  branches ;  stipules  smaU,  ovate  or  triangular,  ciliate, 
caducous. 

No.  1.  Small,  ovate,  trifid,  three-  or  obscurely  five-nerved. 
No.  2.  Ovate,  obtuse,  serrate,  five-nerved  at  the  base,  alternately 
penninerved  upwards. 

No.  3.  Triangular,  coarsely  serrate. 

No.  4.  Triangular-ovate,  coarsely  serrate. 

No.  5.  Triangular-ovate,  coarsely  almost  doubly  serrate,  sub- 
cuneate  at  the  base. 

No.  6.  Cordate,  acute,  lobulate-serrate  or  doubly  serrate. 

Ultimate  leaves  ovate,  acuminate,  doubly  serrate,  subcuneate  at 
the  base,  glabrous,  glandular  on  both  surfaces,  fragrant. 


SALICINEJ5. 

Benth.  et  Hook.  Gen.  PI.  iii.  411. 

Fruit  and  Seed. — The  ovary  is  superior,  and  one-celled  with 
two  to  four  parietal  placentas.  The  ovules  are  numerous,  in- 
serted in  two  or  many  series  on  the  placentas  below  the  middle 
of  the  ovary,  ascending  and  anatropous.  The  fruit  is  capsular, 
and  ovoid  or  oblong,  dehiscing  by  two  or  four  valves  according 
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to  the  number  of  carpels  of  which  it  is  composed.  The  seeds 
are  numerous,  small  or  minute,  furnished  with  a  dense  coma 
of  long,  silky  hairs  arising  from  the  funicle,  and  exalbuminous. 
The  embryo  ia  straight  and  conforms  to  the  interior  of  the 
seed  with  oblong  plano-convex  cotyledons,  and  a  very  short 
inferior  radicle. 

Seedlings.— The  cotyledons  of  Salix  repens  (fig.  673)  are 
oblong-oval,  petiolate,  very  small  and  show  a  midrib  but 
indistinctly.  The  first  leaf  is  lanceolate,  subacute,  entire, 
rounded  at  the  base,  one-nerved  and  exstipulate.  Seeds  sown 
in  a  greenhouse  germinated  in  the  remarkably  short  space  of 
two  days.  The  cotyledons  of  S.  cinerea  do  not  differ  in  any 
appreciable  degree  from  those  of  its  congener.  The  two 
primary  leaves  are  ovate,  entire,  or  show  a  small  tooth  on 
each  side.  The  third  one  is  oval,  acute,  and  tapers  to  the  base. 
The  ultimate  leaves  vary  between  oblong,  elliptic,  and  obovate. 
The  seedlings  were  self-sown. 

Salix  repens,  L.  (fig.  673). 

Hypocotyl  erect  or  ascending,  terete,  glabrous,  pale  green  or 
reddisb,  2-5-3  mm.  long. 

Cotyledons  oblong-oval,  obtuse,  entu*e,  petio- 
late, with  an  indistinct  midrib,  glabrous,  light 
shining  green ;  lamina  2'5-2-75  mm.  long,  l-o-2 
mm.  wide ;  petiole  semiterete,  flattened  above, 
thickened  at  its  insertion  on  the  stem,  1  mm. 
long. 

Stem  in  the  early  seedhng  stage  erect,  terete, 
Salix  repens,  x  3.    pale  green,  glabrous,  ultimately  decumbent  or 
creeping,  much  branched,  woody. 
Leaves  simple,  cauline,  alternate,  exstipulate  or  stipulate,  petio- 
late, alternately  incurvinerved. 

No.  1.  Lanceolate,  subacute,  entire,  rounded  at  the  base,  shortly 
petiolate,  exstipulate,  with  a  distinct  midrib  but  no  other  discernible 
venation  in  the  young  state  when  fresh,  deep  shiuing  green  above, 
glaucous  beneath,  glabrous  ;  petiole  grooved  above,  convex  on  the 
back,  short. 

Salix  cinerea,  L. 

Hypocotyl  a  deep  purple,  5  mm.  long. 
Cotyledons  very  similar  to  those  of  S.  repens. 
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Stem  shrubby,  erect,  terete,  pubescent,  deep  purple  ;  1st  inter- 
node  1-5  mm.  long  ;  2nd  and  3rd  very  short  or  undeveloped. 

Leaves  simple,  cauUne,  alternate,  stipulate,  petiolate,  greyish, 
pubescent  above,  densely  so  or  tomentose  beneath,  alternately 
incurvinerved  and  reticulate,  but  most  distinctly  so  beneath  ;  petioles 
short,  dilated  at  the  base,  somewhat  channelled  above,  pubescent, 
brownish  or  purple ;  stipules  small  and  rather  variable,  half  reni- 
form,  revolute  at  the  margin,  pubescent  or  tomentose  hke  the  leaves, 
reticulate. 

Nos.  1  and  2.  Small,  ovate,  acute,  entire  or  with  a  small  tooth  on 
each  side. 

No.  8.  Tapering  to^  the  base,  oval,  acute. 

Ultimate  leaves  variable,  oblong-elliptic,  or  subobovate,  or 
oblong-lanceolate,  obtuse  at  the  apex,  or  very  shortly  cuspidate, 
sub  undulate  and  revolute  at  the  margm,  the  latter  at  least  when 
dry,  entire  or  distantly  serrulate. 


GNETACEiE. 

Benth.  et  Hook.  Gen.  PL  iii.  417. 

Fruit  and  Seed. — There  is  no  ovary  in  this  Order,  and  the 
naked  ovule  has  a  double  or  triple  coat,  the  outer  one  of  which 
is  fleshy  or  thia  and  fibrous  and  the  innermost  membranous 
and  produced  into  a  long,  slender  tube  above  the  nucellus,  ex- 
serted  from  the  mouth  of  the  outer  coat  and  simulating  a  style. 
The  nucellus  is  ovoid  or  conical,  solid  or  nearly  so  before  ferti- 
lisation, but  after  that  less  solid.  The  seed  is  drupaceous  or 
membranous  and  compressed,  erect,  and  contains  a  thin  or 
moderately  thick  layer  of  endosperm.  The  embryo  is  straight 
with  the  cotyledons  longer  or  shorter  than  the  radicle. 

One  type  of  the  Order  is  represented  by  E]ohedra  altissima 
(fig.  675).  The  fruit  consists  of  an  ovoid  or  conical  seed 
enclosed  in  a  tubular,  red  cup  consisting  of  two  connate 
bracts,  free  at  the  tips  and  leaving  an  opening  between  them 
beyond  which  the  seed  projects.  At  the  base  of  this  cup 
externally  are  two  much  shorter  and  decussating  pairs  of 
connate  bracts.    The  outer  coat  of  the  seed  is  crustaceous  and 
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the  inner  membranous.  The  embryo  is  as  long  as  the  endo- 
sperm and  has  two  hnear-oblong,  plano-convex  cotyledons 
about  twice  the  length  of  the  superior  radicle. 

Seedlings. — The  seedlings  of  three  or  four  species  of  Ephedra 
coming  under  my  observation  are  very  similar,  the  chief  dif- 
ferences consisting  in  the  length  of  the  cotyledons  and  the 
primary  leaves.  During  the  germination  of  Ephedra  altis- 
sima  the  testa  splits  longitudinally  and  may  or  may  not  be 
carried  up  by  the  cotyledons  as  they  rise  above  ground  and 
straighten.  The  cupular  process  observed  lying  over  the  tip 
of  the  radicle  in  the  seed  seems  designed  to  fix  the  latter  in 
the  ground  during  germination  while  the  cotyledons  rise  up 
free.  It  is  then  seen  to  form  a  tubular  sheath  surrounding 
the  base  of  the  radicle  and  attached  to  the  empty  testa  which 
is  by  that  means  pinned  to  the  ground.  Sometimes  the 
attachment  becomes  broken  and  the  testa  is  carried  up  on  the 
tips  of  the  cotyledons  where  it  sometimes  remains  for  a  con- 
siderable time.  The  cotyledons  are  hnear,  emarginate,  plano- 
convex, erect,  but  often  much  undulated  or  twisted  by  unequal 
growth  or  by  their  efforts  to  get  out  of  the  seed,  shghtly 
connate  at  the  base,  3-1-5-7  cm.  long  and  1-5-2-25  mm. 
wide.  The  primary  leaves  are  opposite,  decussate,  connate  at 
the  base,  and  the  first  four  pairs  are  often  unequal  in  length 
and  vary  from  subulate  to  linear,  similar  to,  but  much  shorter 
than  the  cotyledons.  The  cotyledons  of  E.  fragilis  difler 
but  slightly  from  those  of  E.  altissima,  the  chief  distinc- 
tions being  that  they  are  acute,  straight  and  5-7  cm.  long. 
The  first  node  of  the  stem  above  the  cotyledons  bears  three 
leaves  in  a  whorl. 

The  cotyledons  of  Ephedra  vulgaris  (fig.  674)  are  hnear, 
shghtly  channeUed  above,  3-1  cm.  long  and  1  mm.  wide.  The 
leaves  are  opposite  and  decussate,  ovate,  obtuse,  connate  at 
the  base,  very  small  and  scale-like,  and  being  so  from  the 
first  pair  onwards,  they  offer  a  marked  contrast  to  those  of 
E.  altissima.  The  stem  has  a  jointed  appearance  like  that  of 
Casuarina  or  Equisetum.  The  cotyledons  of  an  unnamed 
species  of  Ephedra  from  Afghanistan  are  linear,  semiterete, 
obtuse,  grooved  on  the  upper  surface,  slightly  connate  at  the 
base,  and  otherwise  closely  resemble  those  of  E.  vulgaris. 


GNETACEiE 


545 


Ephedra  vulgaris,  Bich.  (fig.  674). 

Hypocotyl  tapering  downwards  into  the  radicle,  brown  when  old. 

Cotyledons  two,  linear,  obtuse,  slightly  channelled  above,  gla- 
brous, glaucous-green,  3-1  cm.  long,  about  1  mm.  wide. 

Stem  shrubby,  diffuse,  terete,  striate,  finely  scabrous  on  the 
ridges,  glabrous,  deep  green ;  1st  internode  9-13  mm.  long-;  2nd 
1-3-1-5  cm. ;  3rd  1-8-2-2  cm. 

Leaves  very  small,  cauline,  opposite,  decussate,  sessile^  ovate, 
obtuse,  connate  at  the  base,  convex  on  the  back,  glabrous,  pale 
green,  thick  and  subfleshy  when  young,  and  entirely  enclosmg  the 


Fig.  674. — E-pTiedra  vulgaris:. 
Two-thirds  nat.  size. 


C/v 

Pig.  675. 
Ephedra  altissima,  x  5. 
Longitudinal  section  of  seed 
through  the  cotyledons  :  M, 
micropyle ;  Cm,  cupular 
process  of  loose  tissue;  P, 
endosperm;  Oh,  chalaza. 


growing  tip  in  bud,  becoming  pale  or  brown  and  scarious  at  an 
early  age,  persistent,  ultimately  torn  by  developing  axillary  buds. 

Ephedra  altissima,  Desf.  (fig.  675). 

Ovule  enclosed  ia  a  tubular,  shortly  bifid,  glabrous,  pale  red 
envelope,  and  that  again  in  two  successively  smaller  envelopes, 
erect,  terminal,  orthotropous- ;  micropyle  superior. 

Seed  enclosed  in  the  tubular  processes  above-mentioned,  each 
of  which  consists  of  a  pair  of  connate,  opposite,  decussate  bracts. 
Sometimes  there  is  present  the  remains  of  a  second  aborted  ovule. 
Nan-owly  and  pointedly  ovoid-conical,  glabrous,  brown,  obsoletely 
four-ribbed  towards  the  apex ;  testa  thick,  crustaceous  and  tough  ; 
tegmen  very  thin,  membranous,  brown,  more  or  less  exserted  as  a 
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styliform  process  when  in  a  young  state  ;  hilum  and  chalaza  basal ; 
micropyle  apical.  1 

Endosperm  copious,  fleshy,  white,  embedding  the  embryo,  except 
at  the  tip  of  the  radicle,  and  forming  only  a  very  thin  layer  round 
the  apex  of  the  cotyledons. 

Embryo  straight,  nearly  as  long  as  the  cavity  of  the  seed,  com- 
paratively large,  lying  in  the  axis  of  the  endosperm  ;  cotyledons 
two,  oblong-linear,  obtuse,  entire,  fleshy  or  thick,  plano-convex, 
closely  applied  face  to  face  in  the  seed,  about  twice  as  long  as  the 
radicle;  radicle  stout,  oblong,  terete,  very  obtuse,  sUghtly  con- 
stricted in  the  middle  with  the  upper  half  white  like  the  cotyledons 
and  the  lower  half  yellow,  lying  m  a  cup-hke  process  of  loose  tissue 
close  to  the  micropyle. 

Ephedra  fragilis,  Desf. 

Eypocotyl  as  in  E.  altissima,  1-2-5  mm.  long. 
Cotyledons  linear  or  acicular,  fleshy,  5-7  cm.  long,  glabrous, 
acute,  green. 

Stem  &reet,  terete,  herbaceous,  ultimately  woody ;  1st  intemode 

1-1-5  mm.  long. 

First  leaves  three  in  a  whorl,  simple,  entire,  cauline,  linear, 

acute,  glabrous. 

An  undetermiaedsjpecies  of  Ephedra,  from  Afghanistan,  has  very 
similar  cotyledons. 

Seedling. 

Primary  root  long,  tapering  downwards,  copiously  furnished 
with  root-hairs,  without  lateral  rootlets  till  it  attains  some  size, 
tipped  in  the  seed  bj  a  cup-like  process  which  foi-ms  a  sheath  to  it 

after  germination. 

mjpocotyl  erect,  ijerete,  glabrous,  green,  3-5-12-5  mm.  above  the 

soil,  stout,  and  fleshy  at  first.  _  _ 

Cotyledons  long,  linear,  emarginate  during  or  after  germmation, 
and  generally  more  or  less  discoloured  at  the  tip,  semiterete,  flat 
above  or  shghtly  grooved,  rounded  on  the  back,  deep  green  and  often 
distinctly  glaucous,  glabrous,  often  twisted  or  variously  bent  m 
making  their  escape  from  the  seed,  connate  at  the  base  and  fomuig 
a  cupule  rouod  the  plumule,  not  differentiate  into  lamma  and 
petiole,  erect  with  spreading  tips  for  a  long  time  at  least  after  com- 
pleting germination,  8-1-5-7  cm.  long,  1-5-2-25  mm.  wide. 
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CONIFERiE. 

Benth.  et  Hook.  Gen.  PI.  iii,  420. 

Fruit  and  Seed. — The  ovules  are  naked,  solitary,  or  vary 
from  two  to  several  collaterally  inserted  near  the  base,  rarely 
under  the  apex  of  an  ovuliferous  scale  in  the  axil  of  a  bract  ; 
they  are  superficial  or  partly  submersed  in  the  tissue  of  the 
scale  and  erect  or  reversed  with  the  micropyle  superior  or  point- 
ing to  the  base  of  the  scale  accordingly.  The  fruit  is  usually  a 
cone  consisting  of  closely  imbricating  scales  covering  the  seeds  ; 
but  in  many  species  of  the  tribes  Taxeae  and  Podooarpe£e,  and 
in  Cephalotasus  the  scales  remain  small  while  the  large,  solitary 
seed  projects  considerably  beyond  them.  The  seed  is  ovoid  or 
oblong  with  a  membranous,  fleshy  or  crustaceous  testa  some- 
times winged  at  the  sides  or  again  at  the  apex.  Endosperm 
is  copious  and  fleshy  or  farinaceous,  and  remarkably  ruminated 
in  Torreya.  The  embryo  is  straight  and  axial  with  two,  three 
or  many  cotyledons,  usually  shorter  than  the  radicle. 

Pinus  Pinaster  may  serve  as  a  type  of  the  Order.  The 
seeds  are  winged  at  the  upper  end,  the  wing  being  produced 
by  delamination  from  the  inner  layer  of  the  ovuliferous  scale. 
The  outer  layer  of  the  testa  is  thick  and  woody  while  the 
inner  one  is  membranous.  The  embryo  is  clavate,  and 
straight,  with  six  to  seven  or  more  cotyledons  which  are  tri- 
gonous, obtuse  and  several  times  shorter  than  the  cylindrical 
radicle. 

Seedlings.— The  cotyledons  vary  greatly  in  different  genera, 
and  in  the  different  species  of  Pinus,  Abies,  and  Picea  the 
number  varies  even  in  individuals.  They  also  vary  more  or 
less  in  shape  dependent  upon  their  number,  in  the  same  way 
as  in  the  secondary  leaves  of  Pinits.  When  there  are  only 
two  they  are  flat  or  plano-convex,  but  when  more  numerous 
they  are  trigonous,  triquetrous,  or  form  some  segment  of  a 
cylinder. 

The  cotyledons  of  Taxus  baccata  (fig.  677)  are  linear, 
obtuse,  flat,  or  sHghtly  plano-convex,  two  in  number,  1-7  cm! 
long,  and  2  mm.  wide.    The  primary  leaves  are  opposite  or 
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nearly  so,  spreading,  decussate,  and  nearly  flat.    The  first 
pair  are  lanceolate-linear  and  acute ;  the  next  two  pairs  are 
linear  and  subacute;  while  the  fourth  and  fifth  pairs  are 
linear,  cuspidate,  and  unequal  in  size,  as  if  really  alternate 
and  scattered,  and  such  in  fact  may  be  the  case.    The  leaves 
of  lateral  branches  in  the  seedling  resemble  those  of  the 
adult  in  being  scattered  with  a  distichous  arrangement,  while 
the  phyllotaxy  remains  the  same.    On  ascendmg  or  upright 
shoots  they  ascend  in  various  directions,  and  are  not  bifa- 
riously  arranged.    All  have  a  distinct  midrib  seen  on  both 
surfaces,  but  more  prominent  on  the  upper,  are  distinctly 
petiolate,  and  arise  from  a  linear-oblong,  elevated  pulvinus 
or  process  adnate  to  the  shoot. 

The  cotyledons  of  Thuya  occidentalis  are  linear,  acute, 
tapered  to  the  base,  one-nerved,  flat  or  nearly  so,  and  two 
in  number.    The  two  first  leaves  are  opposite,  spreading, 
similar  to,  but  smaller  than  the  cotyledons,  and  are  foUowed 
by  five  or  more  whorls  of  three  similar  ones.    In  some  cases' 
one  of  the  three  is  inserted  at  a  slightly  higher  level  than  the 
rest,  or  they  may  even  all  be  scattered  with  a  spii-al  arrange- 
ment.   The  ultimate  leaves  are  opposite,  decussate,  and  adnate 
for  great  part'of  their  length  to  dorso-ventrally  flattened  shoots. 
The  cotyledons  of  Thuya  gigantea  (fig.  676)  conform  to  the 
above  type.    The  first  four  leaves  are  in  opposite  pairs  de- 
cussating with  the  cotyledons,  and  are  followed  by  a  number 
of  whorls  or  pseudo-whorls,  of  similar  but  longer  and  more 
decidedly  acicular  leaves.    Above  the  first  dozen  or  so  of 
whorls,  lateral  branches  are  given  off  bearmg  somethnes  a  few 
acicular  and  spreading  leaves  at  their  bases,  while  succeedmg 
leaves  are  imbricate  and  decurrent,  gradually  gmng  place  to 
closely  imbricate  and  decurrent  leaves,  arranged  in  four  rows 
and  decussate.    The  branches  are  then  horizontal  or  droop- 
ing, and  dorso-ventrally  flattened. 

Cryptomeria  japonica  differs  from  the  above-mentioned 
species  in  having  two  to  three  linear,  obtuse  cotyledons  flat 
above  and  slightly  convex  beneath.  Out  of  fifteen  seedlmgs 
examined,  twelve  had  three  cotyledons.  The  testa  is  very 
frequently  carried  up  on  the  tips  of  the  cotyledons  durmg 
germination,  but  is  ultimately  thrown  off  by  then-  bulgmg 
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or  bending  out.  It  opens  at  tlie  apex  only  to  allow  of  the 
exit  of  the  embryo. 

The  second  well-defined  type  of  cotyledons  is  met  with  in 
Pinus  rigida  (fig.  678).  Here  they  are  acicular,  obtusely 
trigonous,  acute  and  slender  at  the  tips,  four  to  six  in  number, 
and  ultimately  attain  a  length  of  1-4-1 -6  cm.  They  carry  up 
the  testa  during  germination,  and  push  themselves  out  at 
an  apical  opening,  first  by  the  mere  process  of  elongation, 
but  afterwards  get  rid  of  the  testa  in  the  same  way  as  Cryp- 
tomeria  japonica.  The  primary  leaves  of  the  seedling  are 
acicular,  densely  and  spirally  arranged  on  the  axisl  The 
primary  ones  of  the  adult  are  reduced  to  brown  scales,  while 
the  secondary  are  arranged  in  fascicles  of  three  in  their 
axils,  and  are  three  to  four  inches  long.  The  cotyledons  of 
Pinus  sylvestris  vary  from  five  to  ten  in  number,  and  are 
acicular,  serrulate  at  the  margins,  variously  angled  and  com- 
pressed. Those  of  Pinus  halepensis  prolifera  are  acicular, 
trigonous,  acute,  3-4  cm.  long,  and  vary  in  number  from 
seven  to  nine.  Picea  orientalis  agrees  very  closely  with  Pinus 
and  has  six  to  ten  acicular,  attenuate  cotyledons,  obtusely 
trigonous  and  distantly  ciliate- serrulate  at  the  margins. 
They  make  their  exit  from  the  testa  in  the  same  way  as  in 
Pinus  rigida,  and  when  full  grown  radiate  horizontally  with 
their  tips  curved  in  one  or  two  directions.  When  about  half- 
grown  and  still  surmounted  by  the  testa  they  curve  outwards 
regularly  in  the  form  of  a  balloon.  The  crustaceous  testa 
splits  longitudinally,  but  the  surrounding  endosperm  remains 
intact  except  at  the  point  of  exit  at  the  micropyle,  forming  a 
sheath  to  the  cotyledons. 

Actinostrobus  pyramidaHs  may  be  placed  here,  as  although 
it  has  only  three  cotyledons,  they  are  linear-subulate,  sub- 
triquetrous,  and  9  mm,  long.  The  primary  leaves  are  similar 
to  the  cotyledons  in  outline,  and  verticillate  in  whorls  of  three, 
but  are  biconvex,  decurrent  upon  the  axis,  and  cover  the  whole 
of  the  internodes  with  the  free  portion  8-13"5  mm.  long. 

Actinostrobus  pyramidalis,  Miq. 

Eypocotyl  woody,  erect,  terete,  glabrous,  brownish,  about  7- 
10  mm.  above  the  soil. 

Cotyledons  three,  linear-subulate,  acute,  subtriquetrous,  glabrous, 
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glaucous-green,  spreading  or  arching,  with  the  broadest  face  towards 
the  soil,  and  one  on  each  side  of  the  median  ridge  on  the  upper 
surface,  9  mm.  long. 

Stem  woody,  erect,  glabrous,  glaucous,  obtusely  three-ridged  and 
shallowly  three-furrowed  owing  to  the  adherent  or  decurrent  bases 
of  the  leaves  ;  1st  intemode  undeveloped ;  2nd  5  mm.  long  ;  3rd 
4-25  mm. ;  4th  5-25  mm. ;  5th  6  mm. ;  6th  5  mm. ;  7th  6  mm. ; 
8th  5'5  mm. ;  9th  4  mm. 

The  primary  leaves  are  simple,  entire,  cauline,  verticillate  in 
whorls  of  three,  linear-subulate,  acute,  horizontal,  compressed  hori- 
zontally, and  convex  on  both  surfaces,  decurrent  or  adnate  by  their 
faces  to  the  stem,  and  covering  the  whole  internodes  with  the  free 
part,  8-13-5  mm.  long,  deep  glaucous-green  above  and  paler  beneath. 

Thuja  gigantea,  Nutt.  (fig.  676). 

Primary  root  long,  woody,  flexuose,  brown,  with  a  few  long 
brownish  fibres. 

Hypocotyl  woody,  erect  or  suberect,  terete,  about  1"5  cm.  long, 
1-5  mm.  thick,  brown. 

Cotyledons  two. 

Stem  woody,  terete  and  smooth  near  the  base,  ridged  higher  up 
from  the  decurrent  sessile  leaves,  brownish-green. 
Leaves  of  two  kinds,  with  intermediate  stages. 

(a)  Acicular  leaves  in  more  or  less  true  whorls,  decurrent  except 
the  few  lowest,  which  are  only  2-3  mm.  long  by  -75  mm.  wide, 
and  yellowish-green,  whilst  the  upper  ones  are  1  cm.  long,  1-5  mm. 
wide,  prominently  decurrent,  sharply  pomted,  and  dull  dark  green 
above  with  a  lighter  tint  and  white  midrib  on  the  lower  surface. 

After  about  a  dozen  pseudo-whorls,  the  first  branch  is  formed 
and  may  or  may  not  bear  a  few  acicular  leaves,  passmg  gradually 
or  suddenly  into  the  second  predominating  form. 

(b)  Scale-like,  imbricate  leaves  as  ui  Thujopsis  dolabrata,  &c.' 

Thuja  occidentalis,'^  L. 

Primary  root  taperuag  downwards  with  a  few  fibrous  latei-al 
rootlets. 

'  Tubeuf,  1.  c.  p.  103,  figures  and  describes  the  same  species  and  says  of 
the  cotyledons,  '  about  6  mm.  long,  and  1-1-5  mm.  wide,  broadly  pointei^ 
green  on  both  surfaces,  midrib  scarcely  visible.'  He  also  (p.  102)  figures  and 
describes  Thuja  japonica,  which  differs  from  T.  gigantea  in  having  broader 
cotyledons,  and  the  primary  leaves  in  opposite  decussate  pairs.  The  seeds 
of  these  two  species  are  also  described  (p.  31). 

'  Cf.  Tubeuf,  1.  c.  p.  101  (with  figure  of  a  very  young  seedUng).  The  coty- 
ledons are  described  as  about  8  mm.  long,  by  1  mm.  wide. 
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Eypocotyl  erect,  quadrangular,  glabrous,  5  mm.  long,  light  green. 
Cotyledons  two,  linear,  acute,  entire,  sessile,  slightly  tapering 
towards  the  base,  glabrous,  hght  green,  one-nerved. 


Fig.  676. — Thuja  gigantea.   Nat.  size. 


Stem  ascending,  herbaceous,  ultimately  woody,  quadrangular, 
light  green  ;  1st  internode  very  short ;  2nd  and  following  ones  con- 
siderably longer. 
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Leaves  cauline,  opposite  and  verticillate,  arranged  in  whorls  of 
three,  though  in  some  plants  they  seem  to  be  in  pairs  with  the  odd 
one  slightly  higher,  or  have  even  a  spiral  arrangement,  linear,  acute 
sessile,  exstipulate,  glabrous,  light  green,  one-nerved.' 

In  all  the  Junipers  and  Thujas  the  young  plants  have  needle 
leaves.  In  many  species  of  the  Cupressine®  the  subsequent  foliage 
is  flattened ;  and  in  some  the  two  tendencies  are  so  nearly  balanced 
that  even  on  the  same  branch  some  twigs  bear  acicular,  some 
flattened,  leaves.  The  former  seem  to  be  especially  developed  on 
the  lower  and  inner  branches. 

Cryptomeria  japonica,  Don. 

Primary  root  tapering  downwards,  scanewhat  flexuose,  pointed, 
colourless,  unbranched  in  its  early  stage. 

Hypocotyl  erect,  terete,  glabrous,  pale  green,  slightly  stained 
with  red  at  the  base,  1-1'6  cm.  above  the  soil. 

Cotyledons  two  to  three,  linear,  obtuse,  flat  above  and  deep 
glaucous-green,  sUghtly  convex  beneath  and  paler,  6*5-8  mm.  long, 
l"5-2  mm.  vsdde.  Out  of  seventeen  seedlings  three  had  two  coty- 
ledons, twelve  had  three  cotyledons,  and  two  were  not  suflBciently 
advanced  to  determine  the  number. 

Stem  erect,  ultimately  woody ;  primary  internodes  undeveloped ; 
ultimate  ones  very  short. 

Leaves  simple,  entire,  cauline,  spirally  arranged  on  the  stem  and 
close  together,  exstipulate,  sessile,  decurrent,  Hnear-falcate,  ascending 
towards  the  apex  of  the  branches,  three-  to  four-angled  with  the 
posterior  or  dorsal  angle  strongest  and  decurrent  on  the  stem  or 
branch,  glabrous,  deep  glaucous-green. 

Nos.  1-3.  Following  each  other  closely,  often  appearing  ver- 
ticillate and  alternating  with  the  cotyledons.^ 

Taxus  baccata,  L.  (fig.  677). 

Primary  root  tapering,  fleshy,  colourless,  giving  off  very  few 
lateral  fibres  in  its  early  stages. 

>  Tubeuf,  1.  c.  p.  103,  describes  and  figures  (fig.  143),  the  seedling  of  Thujopsis 
dolabrata,  which  resembles  that  of  Thuja  gigantea,  but  has  broader,  very  blunt 
cotyledons.    The  primary  leaves  are  also  shorter  and  broader. 

Biota  orientalis,  1.  c.  p.  104  (fig.  144),  has  two  much  larger  cotyledons, 
2-2  -2-5  cm.  long,  l'5-2  mm.  wide,  but  is  otherwise  at  first  very  similar. 

•  Vide  Tubeuf,  1.  c.  p.  97,  where  is  a  figure  of  a  seedling  and  also  of  a 
two-year-old  plant.   The  seeds  are  described  on  p.  32. 
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Hypocotyl  erect,  terete,  glabrous,  green,  finely  striate,  soon 
becoming  woody,  2-8-3-9  cm.  long. 

Cotyledons  two,  linear,  obtuse,  glabrous,  1'7  cm.  long,  2  mm.  wide. 

Stem  erect,  suffrutescent  and  soon  becoming  woody,  subangular, 
glabrous,  green ;  1st  internode  2  mm.  long ;  2nd  3  mm. ;  3rd  1-5  mm. ; 
4th  "5  mm. 

Leaves  simple,  entire,  cauline,  exstipulate,  sessile,  opposite  in 
tbe  seedling  state,  but  the  pairs  at  the 
growing  point  develop  unequally,  as  if  al- 
ternate, glabrous,  persistent,  deep  green 
above,  paler  beneath,  with  a  prominent 
midrib  on  both  faces. 

First  pair  lanceolate-linear,  attenuate, 
acute,  1'7  <;m.  long- 
Second  and  third  pairs  linear,  sub- 
acute. 

Fourth  pair  linear,  cuspidate. 

Fifth  pair  linear,  cuspidate,  very  un- 
equal in  size,  the  shorter  one  not  half  the 
length  of  the  other,  at  least  while  young 
and  still  growing. 

Ultimate  leaves  alternate  or  scattered, 
arranged  distichously  in  a  double  row  on 
each  side  of  the  branches  with  the  upper 
faces  all  turned  in  one  direction,  and  ar- 
ticulated with  a  linear-oblong,  cushion- 
like  piece,  adnate  to  the  branches  ;  upper 
series  of  leaves  shorter  than,  and  alter- 
nating with  the  series  beneath  it ;  leaves 
linear,  straight  or  falcate,  acute  or  cuspi- 
dately  acute,  persistent,  deep  green  above, 
paler  beneath,  especially  when  yoxmg, 
with  a  prominent  midrib  on  both  sur- 
faces, and  a  very  pale  line  on  each  side  of  the  midrib  beneath. 

Pinus  Pinaster,  Soland. 

Ovary  consisting  of  an  open  carpel  on  the  base  of  the  umer  face 
of  which  two  ovules  are  seated  on  a  process  termed  an  ovuliferous 
scale ;  ovules  reversed,  adnate  to  the  scale  in  the  early  part  of  the 
season  ;  micropyle  inferior. 

Fruit  a  cone  consisting  of  scales  spirally  arranged  in  many 
series.  The  carpellary  scales  do  not  increase  after  fertilisation,  re- 
maining small,  and  membranous  ;  but  the  inner  seminiferous  scales 


Fig.  677. — Taxus  iaccata, 
Nat.  size. 
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become  large  and  woody,  thickened  at  the  end,  densely  imbricating 
and  each  containing  at  the  base  of  the  inner  face  two  large  winged 
seeds  resembling  samaras.  Scales  persistent,  ultimately  separating 
to  allow  the  seeds  to  drop  out. 

Seed  obovoid,  dorso-ventrally  compressed  and  winged  at  the  top ; 
after  removal  of  this  wing  the  margins  are  seen  to  be  drawn  out  into 
two  thin  edges,  or  incipient  wings  ;  seed-coat  after  removal  of  the 
wing  consisting  of  two  layers,  the  outer  one  of  which  is  thick,  hard, 
and  woody,  comprising  a  thin  outer  dark  brown  or  black  stratum, 
and  a  pale  brown,  much  thicker  inner  stratum ;  the  inner  layer 
is  pale  brown  and  black  at  the  radical  end  of  the  seed,  thin  and 
membranous,  but  capable  of  being  broken  or  spht  up  into  two  thinner 
strata  ;  micropyle  inferior  ;  chalaza  superior. 

Endosperm  copious,  white,  subfarinaceous,  surrounding  the 
embryo. 

Embryo  central,  large,  straight,  nearly  equal  in  length  to  the 
endosperm,  colourless  ;  cotyledons  six  to  seven,  packed  together  in  a 
clavate  mass,  linear-oblong,  obtuse,  trigonous,  several  times  shorter 

than  the  radicle;  radicle  and  hypocotyl 
together  stout,  cylindrical,  abutting 
against  the  remains  of  the  suspensora 
at  the  base  of  the  seed  and  close  to  the 
micropyle. 

Pinus  rigida.  Mill.  (fig.  678). 
Primary  root  tapering  downwards, 
subflexuose,  unbranched  for  some  time 
after  germination. 

Hypocotyl  erect,  terete,  glabrous, 
deep  glaucous-green,  and  more  or  less 
stained  with  red  near  the  base,  8-18  mm. 
above  the  soil. 

Cotyledons  four  to  six,  acicular,  ob- 
tusely trigonous,  attenuately  acute  and 
slender  at  the  tip,  glaucous-green,  gla- 
brous, straight  in  the  seed,  but  durmg  germination  pushed  out  by 
their  own  elongation,  bulging  out  all  round,  and  finally  pullmg 
themselves  out  of  the  seed,  after  which  they  gradually  spread  out 
to  the  light,  attaining  a  length  of  1-4-1-6  cm.' 
Stevi  erect,  woody. 

Leaves  dimorphic,  simple,  cauline,  sessile,  exstipulate,  glabrous. 
•  Tubeuf ,  1. 0.  p.  86,  says :  '  The  plant  has  lost  its  cotyledons  by  the  beginning 
of  the  second  year.' 


Fig.  678. — Fi7ius  rigida,  x  2. 
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Primary  ones  small,  scale-like,  hyaline,  spirally  arranged  in  many 
series,  more  or  less  deciduous. 

Secondary  ones  acicular,  acute,  fascicled  in  clusters  of  three  in 
the  axils  of  the  primary  scarious  leaves,  evergreen,  and  persisting 
several  years. 

The  first  leaves  of  the  seedling  are  numerous,  alternate,  densely 
and  spirally  arranged,  plano-convex  and  acicular. 

Pinus  sylvestris,  L. 

Primary  root  long,  tapering  but  sHghtly,  rather  fleshy,  sub- 
flexuose,  unbranched  in  the  early  stage. 

Hypocotyl  glabrous,  pale  green,  about  4*4  cm.  long. 

Cotyledons  ten  (in  specimen  described),  whorled,  ascending, 
acicular,  acute,  distantly  serrulate  at  the  margins,  semiterete  and 
flattened  above  or  variously  compressed,  and  angled  by  mutual 
pressure,  deep  subglaucous-green,  forming  a  vasiform  cupule  around 
the  plumule.' 

Pinus  halepensis,  Mill.,  var.  prolifera. 

Hypocotyl  covered  with  a  fine  bloom,  purphsh-green,  3-4  cm. 
long. 

Cotyledons  seven  to  nine,  acicular,  trigonous,  3-4  cm.  long, 
acute,  covered  with  a  fine  bloom,  glaucous-green.^ 

Picea  orientalis,  Carr. 

Primary  root  tapering  downwards,  and  some  time  after  ger- 
mination very  much  elongated,  flexuose  with  a  few  very  short 
scattered  lateral  rootlets. 

Hypocotyl  erect,  terete,  glabrous,  striate  or  shallowly  ridged  and 
furrowed,  the  furrows  opposite  to  or  running  down  from  the  back  of 
the  cotyledons,  and  the  ridges  corresponding  to  their  united  and 
decurrent  edges,  l*8-3"2  cm.  long,  slender,  pale  green  or  ultimately 
straw-coloured,  slightly  twisted. 

Cotyledons  six  to  ten,  acicular,  attenuately  acute  at  the  tip, 

■  Cf.  Tubeuf,  1.  c.  p.  83,  fig.  110 ;  the  cotyledons  are  described  as  mostly 
six  in  number  (4-7),  to  2  cm.  long,  with  two  resin  canals,  and  the  primary 
leaves  as  serrate  on  both  edges,  and  spiral  with  no  resin  canal.  The  cotyledons 
die  in  the  winter  and  hang  on  the  plant  till  spring. 

'  Tubeuf,  1.  c.  pp.  82-88,  describes  also  P.  montana,  fig.  Ill  (very  like 
P.  sylvestris) ;  P.  Laricio,  fig.  112  (cotyledons  6-8) ;  P.  Thunbergii  (cotyledons 
6-8) ;  P.  Pinaster,  fig.  113  (cotyledons  7-9) ;  P.  Pinea,  fig.  114  (cotyledons  10- 
13,  about  6  cm.  long) ;  P.  ponderosa,  fig.  115  (cotyledons  9)  ;  P.  Jeffreyi 
(cotyledons  10,  up  to  5  cm.  long);  ^P.  Cembra,  fig.  116  (cotyledons  9-12); 
P.  Strobus,  fig.  117  (cotyledons  8-11) ;  P.  excelsa,  fig.  118  (cotyledons  9-11). 
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obtusely  trigonous,  distantly  and  minutely  ciliate-serrulate,  deep 
subglaucous-green,  straight  in  the  seed,  emerging  as  in  Pinus,  finally 
radiate  and  straight,  or  more  or  less  twisted  or  curved  in  one  or  two 
directions,  1-1-1-7  cm.  long. 

Plwmole  covered  with  a  cap  of  scales  the  outer  of  which  are 
pale  brown,  the  inner  smaller,  more  numerous  and  hyaline. 

Stem  erect,  ultimately  woody. 

Leaves  simple,  entire,  cauline,  acicular,  spirally  scattered, 
obtusely  tetragonous,  narrowed  at  the  base  into  a  very  short  petiole 
and  jointed  to  a  little  pulvinus  on  the  branches,  deep  green,  very 
short.' 


CYCADACE.E, 

Benth.  et  Hook.  Ocn.  PI.  iii.  443. 

Fruit  and  Seed— The  male  and  female  flowers  are  arranged 
in  separate  cones  in  most  genera  ;  those  bearing  the  ovules  are 
generally  the  thicker.  The  scales  are  closely  imbricated  and 
spirally  arranged;  in  the  case  of  Cycas  they  are  greatly 
elongated  and  bear  the  ovules  alternately  on  the  lateral  mar- 
gins. They,  in  fact,  resemble  aborted  leaves  densely  covered 
with  rusty  brown  hairs.  In  other  genera  the  scales  are  very 
short,  much  thickened,  peltate  and  bear  a  single  orthotropous 
ovule  on  each  side  pointing  towards  the  axis.  The  testa  is 
single  and  produced  into  a  short  tabe  at  the  micropyle.  The 
seed  is  large,  variable  in  shape,  and  often  variously  angled. 
The  outer  layer  of  the  testa  is  orange  or  red,  and  the  mner 
crustaceous  or  bony.  Endosperm  is  copious  and  fleshy,  em- 
bedding the  subcylindrical  embryo  in  its  upper  part;  and 
the  cotyledons  are  conferruminate  or  amalgamated  in  one 
piece,  or  free  at  the  base  only  to  permit  the  exit  of  the  plumule. 

Seedlings.— As  the  seeds  are  large  in  nearly  all  the  genera 
of  the  Order  and  difi'er  in  this  respect  from  the  Gnetaceae  and 
Coniferte,  so  1  find  that  in  all  the  seedhngs  observed  the  coty- 

'  Tubeuf,  1.  <5.  pp.  90-92,  describes  seedlings  of  Picea  excelsa,  fig.  121 ; 
P.  alba,  fig.  122 ;  P.  polita,  P.  orientalis,  fig.  123 ;  P.  Alcockiana,  fig.  124 ; 
P.  Omorica,  P.  sitchensis,  fig.  12G  ;  all  of  which  bear  a  general  resemblance  to 
that  of  P.  orientalis. 


CYCADACE^ 


ledons  are  subterranean, 
and  remain  in  the  seed  till 
the  endosperm  is  absorbed, 
■when  they  decay.  Another 
peculiarity  is  that  the  plu- 
mule consists  of  a  mass  of 
stout,  fleshy  scales  re- 
sembling a  restmg  or  winter 
bud,  which  emerges  from 
the  fissure-  at.  the  base-  of 
the  cotyledons  during  ger- 
mination. A  solitary  per- 
fect leaf  is  soon  after  de- 
veloped from  the  centre 
of  the  bud  as  seen  in  Zamia 
integrifolia.  This  leaf  con- 
sists of  two  pairs  of  leaflets, 
crowded  together  at  the 
apex  of  the  petiole  ;  the 
terminal  pair  is  much  the 
smaller,  and  all  have 
numerous,  k)ngitudiinal, 
parallel  nerves. 

The  seed  of  Cycas  Bed- 
domei  (fig.  679)  is  globose- 
oblong,  and  the  bud  formed 
by  the  plumule  is  rather 
small,  consisting  of  one  or 
two  scales.  The  method  of 
germination  corresponds 
to  that  of  Zamia  integri- 
folia. The  primary  perfect 
leaf  is  pinnate  with  eleven 
to  nineteen  linear,  entire 
leaflets  having  a  distinct 
midrib  only.  Dioon  spinu- 
losum  has  a  comparatively 
large,  oblong  seed  and  a 
large  bud  of  four  scales. 
The  first  leaf  is  finely  pec- 


FiG.  679. — Cycas  Beddomei. 
A,  first  leaf;  B,  second 
leaf;  C,  C,  petioles  of 
cotyledons ;  S,  seed.  Nat. 
size. 
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tinate  or  pinnate  with  twenty-three  to  twenty-five  spiny- 
serrate  leaflets,  the  veins  of  which  are  longitudinal,  slender, 
and  numerous.  In  all  three  cases  the  leaflets  are  circinate 
in  vernation  like  most  Ferns. 

Cycas  Beddomei,  Byer  (fig.  679). 

Primary  root  very  long,  stout,  fleshy,  colourless,  giving  oflf  a  few 
short  lateral  rootlets  after  a  time. 

Hypocotyl  very  short,  stout,  subterranean,  passing  somewhat 
abruptly  into  the  root. 

Cotyledons  two,  subterranean,  and  remaining  in  the  seed  till 
they  decay,  petiolate ;  petioles  stout,  fleshy,  semiterete,  sufficiently 
long  to  allow  the  plumule  to  make  its  exit  between  them  during 
germination. 

Stem  short,  erect,  woody,  and  of  very  slow  growth,  undeveloped 
for  some  considerable  time  after  germination. 

Leaves  radical,  ultimately  aU  cauline,  pinnate,  alternate,  ex- 
stipulate,  petiolate,  pilose  when  young  particularly  on  the  midrib 
beneath,  evergreen,  subcoriaceous  ;  pinnae  hnear,  acute,  entire  with 
a  distinct  midrib  but  no  other  visible  venation,  circinate  in  verna- 
tion ;  petiole  downy  when  young,  ultimately  glabrous,  terete.  First 
leaf,  and  sometimes  the  second,  or  even  the  third  reduced  to  a  large, 
subulate,  semiterete,  fleshy  scale,  without  leaflets.  Second  leaf 
usually  foliaceous  with  eleven  to  nineteen  hnear,  entire  leaflets. 

Zamia  integrifolia,  Ait. 

Cotyledons  two,  remaining  in  the  seed,  subterranean. 

Stem  erect,  ultimately  woody,  of  slow  growth,  and  consequently 
short ;  internodes  undeveloped. 

Leaves  casspitose,  pinnate  ;  leaflets  notched  at  the  apex,  sessile, 
almost  linear  but  rather  tapering  towards  the  base,  hght  green  at 
first  then  dark  green,  glabrous,  with  paraUel  vems. 

Primary  leaves  reduced  to  short  scales  closely  investing  the 
plumule,  and  owing  to  the  undeveloped  condition  of  the  mter- 
nodes  resembhng  a  resting  or  winter  bud.  Fkst  true  leaf  with  two 
pairs  of  hnear-spathulate,  somewhat  obhque  leaflets  ;  petiole  thinly 
hairy,  green,  soon  becoming  brown. 
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HYDROCHARIDEiE.^ 

Benth.  et  Hook.  Gen.  PI.  iii.  448. 

Fruit  and  Seed. — The  ovary  is  inferior,  one-celled,  witli 
three  to  six  placentas,  rarely  fewer  or  more,  parietal  or  pro- 
jecting into  the  centre  of  the  cavity  without  uniting ;  ovules 
several  on  each  placenta,  pendulous  or,  especially  the  lower 
ones,  ascending,  anatropous  or  sometimes  orthotropous. 
The  fruit  is  submerged,  globose,  ovoid,  oblong  or  linear, 
dry  or  more  or  less  pulpy,  bursting  irregularly  through  swelling 
of  the  jelly-like  contents,  or  opening  by  decay  of  the  pericarp  ; 
one-  or  six-  to  many-celled  by  coalescence  of  the  placentas 
in  the  centre ;  pericarp  membranous  or  rarely  somewhat 
fleshy.  The  seeds  are  numerous,  oblong  ;  the  outer  layer  of  the 
seed-coat  consists  of  spirally  thickened  cells,  swelling  up  and 
becoming  mucilaginous  in  water  ;  the  inner  layer  is  usually 
hard  and  more  or  less  crustaceous,  as  in  Stratiotes,  and 
especially  in  Blyxa,  where  it  is  sculptured  and  almost  bony. 
In  some  species,  as  B.  echinosperma,  the  testa  has  thorny  pro- 
longations. The  seeds  are  small  in  the  Vallisnerieje,  Blyxa 
and  the  Otteliese,  larger  in  the  other  tribes.  They  are  ex- 
albuminous,  the  embryo  completely  filling  the  seed. 

In  the  freshwater  genera  the  hypocotyl  coheres  with  the 
cotyledon  into  a  more  or  less  oval  mass,  including  the  small 
plumule  at  the  base  of  a  lateral  cleft.  As  examples,  compare 
Lagarosiphon  muscoides,  figured  by  Caspary,^  who  says  '  the 
embryo  has  a  very  strong  resemblance  to  that  of  Naias  major, 
minor,  and  flexihs,  and  gives  an  indication  of  the  systematic 
position  of  the  Hydrillese.'  Vallisneria,  Ottelia,  and  Hydro- 
charis  also  follow  this  type.  The  embryo  terminates  in  a 
small  radicle. 

Stratiotes  is  exceptional  among  the  freshwater  genera. 
Here  ^  the  cotyledon  is  distinct  from  the  hypocotyl,  linear- 

'  In  this  and  some  of  the  following  Orders  I  have  no  observations  to  record. 
It  may  still,  however,  be  convenient,  for  purposes  of  reference,  to  give  a  short 
description  of  the  fruit  and  seed. 

*  Die  Hydrillen,  in  Pringsh.  Jahrb.  i.  478. 

'  Irmisch,  Flora,  1865,  p.  81,  1. 1. 
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lanceolate  in  outline,  and  only  slightly  sheathes  the  plumule 
with  its  edges  at  the  base.  The  plumule  is  large  and  excep- 
tionally well  developed,  including  eight  to  ten  young  foliage 
leaves,  of  which  the  outer  ones  sometimes  reach  to  the  apex 
of  the  cotyledon.  The  fleshy  conical  hypocotyl  is  about  a 
quarter  the  length  of  the  cotyledon,  and  there  is  no  trace  of 
any  radicle. 

In  Halophila  and  Thalassia,  which  inhabit  the  sea,  the 
embryo  consists  of  a  strongly  developed  lower  hypocotyledo- 
nary,  or  hypocotyledonary  and  radicular  portion  bearing  a 
very  distinct  but  much  smaller  cotyledon  which  sheathes  the 
plumule.  In  Halophila  ^  the  lower  part  consists  entirely  of 
hypocotyl,  the  radicle  being  absent  as  in  Stratiotes.  In 
Thalassia  Hemprichii  we  find  according  to  Solm-s  ^  an  '  extra- 
ordinarily large  stem  and  root  portio-n  '  filling  the  whole  under 
part  of  the  seed,  in  the  apex  of  which  is  the  small  cotyledon 
and  strongly  developed  plumule.  Embryos  such  as  these  are 
termed  macropodous  (large-footed). 

Stratiotes  aloides,^  L. 

Fruit  a  capsule,  six-celled,  unequally  angled,  mucous. 

Seeds  anatropous,  in  the  angle  of  the  thick  outer  and  the  thin 
inner  wall,  almost  erect ;  raphe  towards  the  centre  of  the  fruit ; 
micropyle  and  hilum  contiguous  and  dii'ected  towards  the  outside 
wall.  Eather  long,  slightly  verrueose,  and  with  a  sHght  carma; 
testa  hard  ;  tegmen  very  thm. 

Endosperm  absent. 

Embryo  unusually  far  developed,  including  eight  to  ten  young 
fohage-leaves  spirally  arranged,  formmg  the  plumule;  cotyledon  hnear- 
lanceolate,  thick,  fleshy,  only  very  sUghtly  embracmg  the  plumule 
with  its  edges  at  the  base,  its  apex  rounded  or  pomted  and  the  outer 
leaves  of  the  plumule  sometunes  reaching  the  apex,  sometmies 
shorter  •  in  its  axil  and  also  in  that  of  the  outer  fohage-leaves 
are  two'  small  scales  (squamula^  mtra-axUlares) ;  hypocotyl  fleshy 
and  conical,  about  one-fourth  the  length  of  the  cotyledon  and  bear- 
ing at  the  end  a  particle  of  dead  tissue,  the  remains  of  the  suspen- 
sor ;  radicle  absent.    A  longitudinal  section  of  the  hypocotyl  shows 

>  J  B  Balfour,  Trans.  Bot.  Soc.  Edinbwrgh,  xiii.  (1879). 

^  Solms-Laubach,  in  Sclnveinfurth,  Flora  Aeth.  p.  195  _ 

»  Cf.  Klinsmann,  Bot.  Zcit.  18C0,  p.  81.  taf.  u. ;  and  Irmiscli,  Flora,  1865, 

p.  81,  t.  1. 
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"the  commencement  of  a  lateral  root  beneath  the  growing  point  of 
the  plumule. 

Germination. — The  hard  brittle  seed-coat  splits  from  the  micro- 
pylar  end  upwards,  but  often  remains  for  a  time  entire  at  the  opposite 
end,  seated  on  the  tip  of  the  cotyledon,  but  sooner  or  later  the  two 
halves  fall  apart.  The  delicate  colourless  tegmen  remains  inside 
the  brown  testa.  The  cotyledon  quickly  elongates,  without  any 
considerable  increase  in  thickness,  to  three-quarters  to  one  inch,  it 
is  semiterete,  shallowly  grooved  above  at  the  base,  while  the  apex  is 
thinner  and  usually  bent  upwards  ;  colourless  at  first,  but  soon 
becoming  green  like  the  foHage-leaves.  The  hypocotyl  is  coloured 
like  the  cotyledon,  and  Uke  it  undergoes  no  striking  change,  merely 
elongating  somewhat. 

The  leaves  of  the  plumule  soon  bend  downwards,  and  get  longer 
and  somewhat  broader,  their  edges  are  separated  at  the  ba  se,  and  they 
are  sessile  ;  the  apex  is  often  spirally  rolled  ;  they  are  traversed  by 
a  stronger  midrib  and  two  to  four  lateral  nerves,  and  then-  edges 
have  small  forwardly  directed  teeth,  so  that  they  agree  essentially 
with  the  later  foHage-leaves  except  in  size.  The  intra-axillary  scales 
are  rather  longer  than  in  the  case  of  the  cotyledon. 

The  seedling  lives  at  first  on  the  nutriment  stored  in  the  coty- 
ledon and  hypocotyl ;  it  is  not  for  some  weeks  that  the  lateral  root 
bores  through  the  parenchyma  on  the  side  of  the  hypocotyl  be- 
neath the  median  line  of  the  cotyledon.  It  is  thread-like  and 
•unbranched. 

Stem  of  the  mature  plant  very  short,  stoloniferous. 

Leaves  radical,  sessile,  linear-lanceolate,  acute,  serrate  with 
short,  pungent,  upwardly  directed  teeth,  traversed  by  a  midrib  and 
two  to  four  weaker  parallel  nerves  on  either  side,  green,  glabrous, 
somewhat  fleshy. 

A  submerged  perennial  herb. 


BURMANNIACE^. 

Benth.  et  Hook.  Gefi.  PI.  iii.  455. 

Fruit  and  Seed. — The  ovary  is  inferior,  three-celled,  with 
axile  placentation,  or  one-celled  with  three  parietal  placentas. 
Ovules  minute,  anatropous,  very  numerous  on  each  placenta. 
Fruit  a  capsule,  crowned  by  the  marcescent  perianth,  terete 
or  three-angled  or  three-winged,  membranous  ;  dehiscing 
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laterally  between  the  ribs,  or  irregularly  at  the  apex,  or  rarely 
by  valves.    Seeds  very  numerous,  and  very  small,  with  a  thin 
transparent  testa,  sometimes  adnate  to  the  nucleus,  sometimes 
loose,  hyaline  and  produced  at  both  ends  a  long  way  beyond 
it.    Eecent  researches  '  have  shown  that  the  seed,  at  any  rate 
in  many  cases,  contains  something  more  than  the  rudimentary 
undifferentiated  embryo  which  was  formerly  supposed  to 
constitute  the  whole.    Endosperm  is  present,  and  occupies 
the  greater  part  of  the  seed,  one  of  the  cells  being  often  very 
curiously  developed.    In  Burmannia  capitata  according  to 
Johow  a  portion  of  the  nucellus  remains  in  the  ripe  seed 
(perisperm).    In  this  species  the  number  of  the  endosperm 
cells  is  very  small  (six  in  a  longitudinal  section),  but  they  are 
each  very  large.    At  the  apex  lies,  embedded  in  it,  the  undiffer- 
entiated embryo  of  ten  cells.    At  the  base  is  a  small  conical 
group  of  cells  distinguished  from  the  endosperm  by  their  small 
size  and  dark  colour  ;  they  are  a  remnant  of  the  original 
nucellus  and  therefore  perisperm.    The  endosperm  ceU  at  the 
extreme  base  of  the  embryo-sac  is  most  curiously  developed, 
the  wall  bordering  on  the  perisperm  having  peculiar  tap-Uke 
or  coralline  protuberances  which  penetrating  the  cell-contents 
reach  almost  to  the  opposite  wall.    This  as  well  as  the  conical 
nucellar  process  (perisperm)  may  play  some  part  in  germmation. 

Apteria  setacea  is  similar,  but  the  differentiated  endo- 
sperm-cell is  hexagonal  and  appears  symmetricaUy  striated 
throughout,  the  protoplasm  having  apparently  completely 
passed  over  into  cellulose  or  a  closely  related  substance  ;  the 
perisperm  is  very  small.  The  embryo,  which  agrees  in  all  de- 
tails with  that  of  Burmannia  javanica  and  Gonyanthes  capitata 
as  observed  by  Treub,  is  simpler  than  in  B.  capitata,  contammg 
only  from  three  to  six  cells. 

Burmanniaceffi  is  a  small  tropical  Order  of  small  herbace- 
ous saprophytes  containing  about  a  dozen  genera,  ilieir 
germination  does  not  seem  to  have  been  studied. 

•  Treub,  Extrait  des  AnnaUs  de  Jard.  Bnitenzorg,  ui.  pp.  120-2. 
2  Johow,  Pringsh.  Jahrb.  xvi.  (1885),  p.  415. 
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ORCHIDE^. 

Benth.  et  Hook.  Gm.  PI.  iii.  460. 

Fruit  and  Seed. — Ovary  inferior,  one-celled,  with  three 
parietal  placentas,  or  three-celled  in  Selenipedium,  Apostasia, 
and  Neuwiedia,  genera  which  are  also  markedly  distinguished 
in  other  respects.  Ovules  anatropous,  minute  and  very 
numerous.  Fruit  a  membranous  or  coriaceous,  cylindric, 
ovoid  or  winged  capsule,  rarely  fleshy,  and  dehiscing  scarcely 
at  all  or  only  after  a  time — some  species  of  Galeola,  Vanilla, 
and  Sobraha,  three  allied  genera — usually  dehiscing  by  three 
or  six  longitudinal  slits,  with  the  valves  cohering  for  some 
time  or  altogether  at  the  apex  or  base,  or  finally  spreading 
from  the  apex  or  entirely  disappearing. 

Seeds  very  numerous,  minute,  more  or  less  cylindrical  or 
spindle-shaped  or  tapering  at  one  or  both  ends ;  testa  thin- 
celled  and  transparent,  yellow,  green  or  brown,  and  very 
loosely  enveloping  the  embryo.  There  is  great  variety  in  form, 
size,  colour,  and  the  configuration  of  the  cells  of  the  testa. 
Earely  is  the  testa  winged,  fitting  close  to  the  embryo  from 
which  it  radiates  in  rows  of  delicate,  transparent,  brownish 
cells  as  in  Epistephium,  Erythrorchis,  and  Cyrtosia.  Vanilla 
is  also  exceptional  ia  having  a  crustaceous,  dark  reddish-brown, 
opaque  testa.  There  is  no  endosperm.  The  embryo  is  in  the 
centre  or  somewhat  above  the  centre  of  the  seed,  globular, 
ellipsoid  or  ovate  in  shape,  and  represents  a  very  low  stage  of 
development,  showing  before  germination  no  trace  of  radicle 
or  cotyledon.  There  is,  however,  a  certain  physiological  dif- 
ferentiation, for  the  longer  axis  of  the  embryo  corresponds  to 
the  ascending  axis  of  the  young  seedling. 

The  seeds  show  a  great  resemblance  to  those  of  many 
parasites  of  dicotyledonous  Orders,  especially  Orobanche,  but 
most  strikingly,  as  Beer  pouits  out,  to  those  of  species  of 
Pyrola. 

Germination. — Owing  to  the  low  stage  of  development  of 
the  embryo  in  the  ripe  seed,  only  trifling  differences  of  form 
and  colour  occur  in  the  most  different  genera  and  groups.  . 
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Angrsecum  maculatum/  Lindl. 

Seed  spindle-shaped  with  a  thin  transparent  testa  loosely 
enveloping  the  central  pear-shaped  homogeneous  embryo. 

Germination. — The  embryo  increases  considerably  in  size  and 
ruptures  the  testa  from  above  downwards,  the  debris  remaining 
attached  at  the  lower  end.  At  this  stage  two  or  three  adventitious 
buds  appear  on  the  upper  surface  of  the  germ-tubercle;  their 
position  is  very  variable,  and  they  are  often  all  at  a  considerable 
distance  from  what  we  should  imagine  to  be  the  position  of  the 
primary  axis  of  the  embryo  ;  they  all  seem  of  the  same  nature,  no 
one  showing  any  pecuHarity. 

A  rudimentary  vascular  bundle  runs  from  the  bases  of  the  rudi- 
ments of  the  leaves  of  these  buds  down  into  the  axis  of  the  tubercle, 
the  lower  part  of  which,  however,  consists  of  undifferentiated  celldar 
tissue. 

The  seedling  is  nourished  by  tufts  of  hairs  which  arise  at 
numerous  points  of  the  surface  of  the  rapidly  growing  top-shaped 
embryo.  There  is  no  trace  of  a  primary  root.  The  germ-tubercle 
has  now  completed  its  development,  the  future  plant  is  produced 
from  the  adventitious  buds.  One  of  these  develops  more  or  less 
directly  into  the  leaf-  and  flower-bearing  axis,  the  others  follow  a 
uniform  course  of  development  and  produce  a  branching  system  of 
tubers. 

The  young  leaves  of  the  bud  are  alternate  and  distichous  as  in 
the  adult  plant ;  they  are  reduced  to  minute  deciduous  scales,  but 
their  position  can  be  readily  ascertained  by  a  Hnear  scar  marking 
their  place  of  attachment.  In  the  case  of  those  which  produce  a 
secondary  tubercle  the  bud  increases  considerably  in  bulk,  the 
dilated  axis  bears  distichously  arranged  leaf-scales  m  the  axils  of 
which  appear  buds  which  undergo  a  development  similar  to  that  of 
the  axis  on  which  they  arose,  thus  producmg  a  ramifying  tuberous 
system.  The  other  adventitious  bud  often  develops  for  a  time  Uke 
its  fellows,  but  sometimes  immediately  produces  a  leafy  stem.  In 
the  former  case  this  is  developed  in  the  axis  of  a  leaf-scale  of  a 
secondary  tubercle ;  in  the  latter  the  growing  pomt  of  the  adventitious 
bud  itself  develops  into  the  leafy  stem.  The  first  two  leaves  are 
brownish  membranous  scales,  the  third  and  fourth  are  also  scales 
but  green,  the  fifth  has  a  well-developed  lamina  and  shows  the  form 
of  a  complete  leaf.  These  primary  leaves  are  all  sheathmg  and  at 
first  enclosed  one  within  the  other,  but  they  open  out  and  extend 
with  the  growth  of  the  axis  which  bears  them. 
>  Prillieux  et  Rivike,  Ann.  Sci.  Nat.  ser.  iv.  torn.  v.  (1856),  p.  119,  pi.  5-7. 
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Up  to  the  time  when  the  third  leaf-sheath  protrudes  above  the 
summit  of  the  second,  the  plant  has  had  no  organ  of  absorption 
beyond  the  papillse  originally  developed  over  the  whole  surface  of 
the  young  tubercle.  But  now  the  rudiment  of  a  true  root  appears 
on  a  level  with  the  origin  of  the  second  leaf,  inside  the  first  sheath 
which  it  tears  in  elongating  and  then  bends  and  penetrates  the  soil. 
While  it  is  developing  the  third  and  fourth  sheaths  protrude  ;  but 
before  the  complete  leaf  appears,  the  first  sheath,  torn  by  the  root, 
has  already  begun  to  perish. 

The  leaves  arise  but  a  short  distance  apart,  the  internodes  being 
very  short.  "When  the  stem  grows  they  elongate,  but  very  un- 
equally ;  the  lowest  always  remams  the  shortest,  the  two  next  do  not 
increase  very  much  ;  but  the  last,  at  the  summit  of  which  ia  borne 
the  fifth  leaf,  grows  considerably,  and  finally  overtops  the  summit 
of  the  sheaths  at  its  base.  It  increases  in  breadth  and  thickness 
as  well  as  length,  and  forms  the  pseudo-bulb  ;  the  narrow  leaf- 
sheaths  surrounding  its  base  become  torn  and  perish,  while  it  bears 
at  its  summit  the  only  leaf  which  attains  complete  development. 
During  the  growth  of  the  pseudo-bulb  a  second  and  third  adven- 
titious root  arise  in  succession  from  the  base  of  the  third  and  fourth 
sheaths  respectively ;  they  are  hke  the  first  and  penetrate  the  ground. 
Henceforth  the  plant  can  hve  alone  and  draw  its  food  from  the  soil. 
The  ramified  tubercle  which  it  always  bears  at  its  base  has  ceased 
httle  by  httle  to  grow,  and  either  dries  up  or  rots.  If  separated 
from  the  plant  when  still  full  of  life,  it  continues  to  hve,  and  one  of 
its  buds  behaves  Hke  that  which  originally  produced  the  stem  from 
which  we  have  separated  it,  in  fact  it  gives  rise  to  a  second  plant. 
Several  plants  may  thus  be  raised  from  the  product  of  the  germina- 
tion of  a  single  seed.  The  bud  which  develops  into  a  stem  is  in- 
differently terminal  or  axillary,  of  the  second  or  third  order.  No 
law  apparently  determines  its  position,  but  its  composition  is  always 
the  same :  there  are  always  five  leaves,  four  of  which  reduced  to 
sheaths  surround  the  base  of  the  pseudo-bulb,  the  highest  in- 
ternode.  Each  leaf  whatever  its  form  bears  a  bud  in  its  axil. 
The  leaves  which  surround  the  pseudo-bulb  are  alternate  and 
distichous.' 

'  For  figures,  see  the  original  paper  in  Ann.  Sci.  Nat.,  loc.  cit.  Seed  and 
germination,  pi.  5.    Seedling  plant  and  its  development,  p.  16,  figs.  1-9. 
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SCITAMINEiE. 

Benth.  et  Hook.  Oen.  PI.  iii.  636. 

Fruit  and  Seed. — The  ovary  is  inferior,  three-celled  or 
one-celled  by  arrest,  two  cells  being  small  and  empty  as  in 
Maranta,  Stromanthe,  Ctenanthe,  Saranthe,  Ischnosiphon  and 
Thalia ;  rarely  truly  one-celled  with  three  parietal  placentas,  as 
in  Mantisia,  Globba,  Guillainia  and  Hemiorchis,  or  two-celled 
(Tapeinochilus).  The  ovules  are  solitary  and  erect  from  the 
base  in  each  cell  (Heliconia),  or  indefinite  in  one  to  many 
series  on  the  axile,  rarely  parietal  (Mantisia  &c)  placentas, 
horizontal,  or  ascendmg,  anatropous.  The  fruit  is  crowned 
by  the  persistent  calyx  or  naked,  the  whole  perianth  being 
deciduous,  and  with  the  seed  varies  considerably  m  the  four 
well-marked  tribes,  often  separated  as  distinct  Orders,  into 
which  the  Scitaminese  are  divided. 


TEIBE  I.  ZINGIBBRE^. 


The  fruit  where  known  is  sometimes  a  loculicidally  dehiscent 
capsule,  as  in  Eoscoea,  Hedychium,  and  Costus.  The  wall  of 
the  capsule  is  often  leathery,  but  sometimes  thin,  and  almost 
membranous,  and  then  usually  bursts  irregularly  as  in 
Globba  and  Zingiber.  In  some  genera  (Elettaria,  Amomum 
and  Alpinia)  it  is  indehiscent  and  almost  baccate.  The 
pericarp  is  usually  smooth.  The  form  of  the  fruit  varies  from 
round  to  elongated  or  angular,  in  Burbidgea  it  takes  the  shape 
of  a  long  pod.  The  seeds  are  numerous,  more  or  less  spherical, 
or  conical,  or  angular,  with  a  rounded  side  towards  the  pen- 
carp.  The  testa  is  smooth  and  shiny,  grey  or  brownish,  some- 
times red,  more  rarely  is  it  wrinkled  on  the  surface.  It  bounds 
a  starchy  perisperm  surrounding  an  albuminous  endosperm, 
inside  which  is  the  embryo.  The  latter,  however,  abuts  on  the 
testa  at  the  hilum,  where  the  continuity  of  the  seed-coat  is 
interrupted  by  a  stopper.    Tschirch  >  has  recently  shown  that 

'  Die  Saugorgane  der  Scitamineen-Samen,'  in  Mttth.  Math.  u.Naturwi^^ 
aits  d.  Sitz.  der  k.  Preiiss.  Akad.  dor  Wiss.  zu  Berlin,  1890,  Heft  2. 


SOITAMINE.-E 


567 


absorbent  organs  corresponding  to  the  seutellum  of  Grass 
seeds  and  the  '  suckers '  of  Palm  seeds  are  present  in  all  the 
tribes  of  Scitamineae.  In  Elettaria  speeiosa,  the  stopper  in 
the  ripe  seed  is  only  united  to  the  testa  by  a  delicate  liga- 
ment. The  embryo  consists  of  an  elongated  club-shaped  sucker 
surrounded  by  the  endosperm,  and  connected  by  a  narrow 
neck  with  the  embryo  proper,  which  resembles  a  broad  cone 
with  a  flat  base,  and  includes  a  radicle  and  plumule.  The 
portion  of  the  testa  opposite  the  radicle  consists  of  a  lid-like 
stopper,  a  structure  which  Tschirch  found  general  in  the  Order. 
The  sucker  shows  no  differentiation,  and  remains  in  the  seed 
in  germination  while  the  neck  portion  elongates,  causing  the 
stopper  to  be  pushed  out  and  the  embryo  to  emerge.  The 
radicle  bends  downwards  and  the  plumule  sheathed  by  a  horn- 
shaped  leaf,  the  coleoptile  or  cotyledon,  upwards.  The  young 
seedling  remains  united  with  the  internal  sucker  by  a  long 
filiform  appendage  from  the  base  of  the  sheath-like  cotyledon, 
the  elongated  neck  of  the  embryo.  This  connection  is  kept 
up  till  all  the  reserve-material  is  consumed.  Other  species  of 
Elettaria,  e.g.  E.  Cardamomum  as  well  as  the  genera  Amomum, 
Alpinia  and  others,  behave  quite  similarly,  the  differences 
lying  in  the  form  of  the  endosperm,  the  shape  of  the  stopper 
and  the  sucker.  In  Alpinia  nutans  the  latter  is  bilobed, 
grasping  with  one  of  the  lobes  a  section  of  the  sickle-shaped 
endosperm,  while  in  Amomum  dealbatum  the  similarly  shaped 
endosperm  is  penetrated  by  a  wedge-like  sucker.  Germination 
is  analogous  throughout. 

TRIBE  n.  MARANTE^. 

The  fruit  is  three-celled,  with  one  seed  in  each  cell  as  in 
Phrynium,  Calathea  and  others,  or  one-celled  with  one  seed 
as  in  Maranta,  Thalia,  &c.  Sometimes  it  is  indehiscent, 
sometimes  bursts  in  irregular  pieces,  but  usually  shows  a 
valvular  dehiscence,  which  is  loculicidal  in  the  three-seeded 
capsules.  Where  the  fruit  is  one-seeded  it  may  separate  into 
three  equal  valves,  or  one  valve  may  be  small  compared  with 
the  other  two,  sometimes  linear.  In  Maranta  and  Stromanthe 
the  valves  are  about  equal  in  breadth  but  only  one  becomes 
separated,  the  other  two  remaining  almost  or  quite  coherent. 
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TRIBE  III.  CANNEiE. 

The  fruit  is  a  three-celled  capsule,  with  its  surface  warty 
or  beset  with  weak  prickles.  The  seeds  are  roundish  with  a 
straight  embryo  lying  in  the  hard,  very  tough,  white  perisperm. 
There  is  no  endosperm.  The  absorbent  organ  of  Canna  is 
club-shaped,  embedded  in  the  perisperm  and  separated  by  a 
plain  constriction  from  the  embryo  proper.  The  latter  con- 
sists of  a  sheath-like  cotyledon  surrounding  the  very  well- 
developed  plumule,  in  which  several  involute  leaves  can  be 
distinguished,  and  a  somewhat  obliquely  placed  cone-shaped 
radicle  forming  the  apex  of  the  whole.  There  is  no  stopper 
in  the  seed-coat  indicating  the  future  point  of  exit  of  the 
radicle,  but  at  the  spot  towards  which  this  is  directed  the 
hard  layer  of  palisade  sclerome  cells  is  interrupted  by  a  sickle- 
shaped  opening,  where  the  testa  subsequently  splits. 

The  epidermis  of  the  sucker  consists  of  a  layer  of  elongated 
palisade- cells.  The  process  of  germination  resembles  that  of 
the  Zingibereee.  The  neck  of  the  embryo  elongates  consider- 
ably, while  the  vegetative  portion  emerges  from  the  testa 
and  develops  root  and  shoot  system  outside.  The  elongated 
neck-portion  remains  attached  to  the  back  of  the  cotyledonary 
sheath  till  the  sucker  has  exhausted  the  nutriment  contained 
in  the  perisperm. 

TRIBE  IV.  MUSE^. 

The  fruit  is  here  a  berry  (Musa),  sometimes  fleshy  as  in  M. 
Sapientum  (the  Banana),  sometimes  dry  and  almost  leathery 
as  in  M.  Ensete,  or  a  three-celled  capsule,  dehiscing  septicidally 
in  Heliconia  into  three  one-seeded  portions,  while  in  Eavenala 
and  Strelitzia  it  is  many-seeded  with  loculicidal  dehiscence. 
The  seed  in  Musa  Ensete  has  a  very  large  broad  hilum, 
corresponding  to  an  orbicular  depression  of  the  seed-coat.  The 
seeds  of  Strelitzia  are  surrounded  at  the  base  with  a  bilobed 
woolly  mantle.  In  Eavenala  madagascarieusis  (the  Travellers' 
tree)  a  sky-blue,  or  sometimes  red,  scutiform  aril  with  fimbri- 
ated edges  envelops  the  seed.  Endosperm  is  absent,  but  a 
quantity  of  mealy,  white,  or  yellowish-white  perisperm  takes 
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its  place  as  a  store  of  reserve-material.  In  Musa  Ensete  ^  the 
sucker  has  a  broad  disc-like  shape ;  its  epidermis  is  an  absorbent 
epithelium  of  palisade-like  cells,  and  in  this  as  well  as  in  its 
somewhat  peripheral  position  with  regard  to  the  reserve- 
material  it  resembles  the  scutellum  of  Grasses.  The  whole 
bluish-green  embryo  is  thus  knob-like  or  rather  fungoid  m 
shape,  the  knob  or  cap  being  the  sucker  and  the  stalk  the 
embryo  proper  terminating  in  the  radicle.  In  germination  the 
radicle  elongates,  pushes  out  the  stopper  in  the  seed-coat  and 
emerges  followed  by  the  well-developed  plumule.  Connection 
is  kept  up  with  the  sucker  which  remains  in  the  seed,  and 
increases  considerably  in  size  until  the  perisperm  is  exhausted 
and  the  seedling  by  developing  green  leaves  has  become  inde- 
pendent. 


BROMELIACEiE. 

Benth.  et  Hook.  Gen.  PI.  iii.  657. 

Fruit  and  Seed. — The  three-celled  ovary  is  inferior  in  the 
tribe  Bromeliese,  half  inferior  in  the  Pitcairnieae,  and  superior 
in  the  Puyese  and  Tillandsiese.  The  ovules  are  anatropous  and 
usually  very  numerous  when  the  fruit  becomes  capsular,  or 
few  when  a  berry  is  produced.  The  curvature  is  mostly  towards 
the  free  side,  the  ovules  in  the  upper  part  of  the  ovary  being 
turned  upwards  (epitropous),  those  near  the  base  downwards 
(apotropous),  the  rest  usually  apotropous,  or  turned  sideways 
(pleurotropous) .  The  placentas  are  often  provided  with 
palisade-like  mucilage-cells  (iEchmea,  Portea),  and  this  ob- 
tains more  or  less  in  all  genera  with  pulpy  berries.  As  in 
many  Monocotyledons,  we  find  in  the  dividing  walls  of  the 
ovary-ceUs,  clefts  lined  with  honey-secreting  cells,  the  so- 
called  septal  glands. 

The  fruit  is  baccate  in  the  Bromelie^  where  the  ovary 
is  inferior,  sometimes  almost  leathery  (iEchmea,  Billbergia), 
in  the  other  tribes  it  is  a  capsule.  In  Ananas  (the  Pineapple), 
the  axis,  bracts  and  fruits  are  all  fleshy  and  united  into  a 

'  Wittmack,  '  Musa  Ensete,'  Linnma,  35,  taf.  iii. 
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pseudocarp ;  the  axis  is  proliferous,  growing  through  and 
forming  at  the  apex  of  the  whole  a  tuft  of  green  leaves.  The 
berry  is  sometimes  of  a  brilliant  colour,  e.g.  red  in  Lampro- 
coccus  fulgens,  blue  in  the  monotypic  genus  Eonnbergia.  There 
is  considerable  variety  in  size  and  shape ;  the  berry  may  be  glo- 
bose or  cylindrical,  the  size  of  a  small  pea,  or  several  inches  long. 
The  capsule  dehisces  septicidally  by  three  valves  separating 
from  the  apex  downwards. 

The  seeds  are  usually  numerous,  fewer  where  the  fruit  is 
baccate,  and  then  usually  ovate  or  lenticular  (Bromelia,  Bill- 
bergia),  in  capsular  fruits  lenticular  (Dyckia),  elongated 
(Pitcairnia),  or  linear  (Tillandsiese).  The  seed-coat  is  often 
provided  with  means  of  distribution,  such  as  an  asymmetrical 
wing  (Dyckia),  tuft-like  appendages  at  the  apex  or  both  ends 
(Pitcairnia),  or  silky  hairs  as  in  the  Tillandsieae.  These 
structures  usually  arise  from  the  outer  integument,  the  hairs 
also  from  the  funicle. 

The  seeds  contain  a  large  quantity  of  endosperm,  the 
embryo  being  small  and  excentric,  sometimes  as  in  BromeHa 
embedded  in  the  endosperm,  but  more  often  lateral  as  in 
Grass  seeds  (cf.  Dyckia,  Caraguata,  Guzmannia).  The  embryo 
consists  of  a  radicle,  with  a  frequently  well-developed  hypo- 
cotyl  bearing  a  single  cotyledon  which  sheathes  the  plumule, 
while  the  absorbent  organ  present  in  the  albuminous  Scita- 
minesB  is  according  to  Tschirch  developed  in  BromeHacese  in 
a  relatively  great  variety  of  ways.^  Sometimes,  as  in  Cara- 
guata, it  forms  a  structure  resembling  the  scutellum  of  Grasses, 
sometimes  it  is  club-shaped,  penetrating  deeply  into  the  endo- 
sperm, as  in  Guzmannia. 

The  species  of  this  Order  being  mostly  epiphytes  growing 
on  trees,  and  inhabiting  the  tropical  and  subtropical  parts  of 
America,  their  germination  has  not  been  much  studied. 

According  to  Klebs,^  germination  takes  place  in  Acantbo- 
stachys  strobilacea  in  a  manner  common  to  a  great  number 
of  Monocotyledons.  The  primary  root  projects  first  and 
grows  rapidly  downwards,  provided  in  this  case,  except  at 
the  apex,  with  a  thick  covering  of  long  hairs.   One  end  of  the 

'  Loc.  cit.  p.  94. 

'  Beitriige  zur  Morphologic  u.  Biologic  dcr  Keimung,  p.  565,  fig.  11. 
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cotyledon  remains  in  the  seed,  forming  the  absorbent  organ ; 
the  other  emerges  and  forms  a  short  sheath.  The  second 
leaf  emerges  from  the  top  of  this  sheath. 


IRIDEiE. 

Benth.  et  Hook.  Gen.  PI.  iii.  681. 

Fruit  and  Seed.— The  ovary  is  inferior  and  three-celled 
with  axile  placentas,  or  very  rarely,  as  in  Hermodactylus,  one- 
celled  with  three  parietal  placentas.  The  ovules  are  usually 
numerous  in  each  cell,  rarely  reduced  to  one  or  two ;  they  are 
anatropous.  The  fruit  is  a  globose,  obovoid,  oblong  or  rarely 
linear  capsule,  with  a  locuHcidal  dehiscence.  Sometimes, 
sa  in  Tigridia,  Kigidella,  and  Herbertia,  the  top  protrudes 
beyond  the  perianth-tube,  leaving  a  free  operculum  at  the 
Jaottom  of  which  the  dehiscence  stops  at  any  rate  for  a  time. 
The  seeds  are  few  or  numerous,  superposed  in  two  series, 
rarely  solitary  in  each  cell  with  short,  often  very  short  funicles, 
and  a  strophiole.  They  vary  much  in  shape,  and  may  be 
globose  or  generally  angular  by  mutual  pressure,  but  some- 
times flattened.  Variations  occur  even  in  the  same  genus, 
thus  Gladiolus  segetum  has  globose  seeds,  while  in  the  very 
closely  aUied  Gr.  byzantinus  they  are  flat.  The  testa  is  mem- 
branous or  slightly  thickened  and  spongy.  The  endosperm  is 
horny  and  fills  the  seed.  The  small  embryo  is  completely 
enclosed  in  the  endosperm  at  a  little  distance  from  the  hilum. 

Germination. — We  may  distinguish  three  types  character- 
ised by  differences  in  form  and  behaviour  of  the  cotyledon. 
The  first,  according  to  Klebs,^  is  represented  by  Iris  Pseud- 
acorus  and  Ixia  crateroides.  Here,  as  in  the  two  following 
types,  the  primary  root  is  the  first  to  emerge  from  the  seed- 
ling, and  grows  rapidly  downwards.  The  hypocotyl  is  very 
slightly  developed,  but  the  lower  end  of  the  cotyledon  elon- 
gates at  an  early  period  of  germination  drawing  out  of  the  seed 
the  plumule  which  is  enclosed  in  its  sheathing  base.  The 

.   '  Loc.  cit.  pp.  564-5,  fig.  11. 
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other  end  remains  in  the  seed.  The  cotyledon  thus  consists 
of  a  short  lower  sheathing  portion,  from  which  the  second 
leaf  soon  breaks  in  the  form  of  a  long,  slender,  wedge-like 
sheath  with  a  green  tip,  and  an  upper  portion  perfectly  con- 
tinuous with  it  in  connection  with  the  seed,  its  apex  remaming 
embedded  in  the  endosperm.  This  is  the  simplest  type.  We 
have  represented,  in  what  is  evidently  a  single  structure,  the 
cotyledon,  first  an  absorbent  organ  to  absorb  the  endosperm 
contained  in  the  seed  ;  secondly  a  means  of  connection  between 
this  and  the  seedling ;  and  thirdly  a  protecting  sheath  for  the 
developing  plumule. 

In  the  second  type,  the  more  general  one  in  the  Order,  the 
cotyledon  shows  greater  differentiation  of  structure,  the  parts 
which  perform  the  three  functions  being  quite  distinct  from 
each  other.  The  lower  portion  still  forms  the  protectmg 
sheath,  but  is  much  longer  than  in  the  first  type.  Attached 
to  it,  either  at  the  apex,  or  some  varying  distance  below,  is  a 
long  thread-like  connective,  the  other  end  of  which  is  swollen 
into  a  more  or  less  club-shaped  absorbent  organ,  buried  in  the 
endosperm  of  the  seed.  As  in  the  first  type  the  whole  of  the 
cotyledon  remains  beneath  the  ground.  This  obtains,  accord- 
ing to  Irmisch,  in  Iris  sibirica  and  I.  Xiphion,'  and  probably 
in  many  other  species,  also  in  Gladiolus  communis,  palustris, 
and  other  species.  Alefeld^  says  a  Morsea  germinated  just 
like  Iris. 

The  third  type  differs  in  that  the  long  thread-like  coty- 
ledon after  exhausting  the  endosperm  gets  quite  free  from  the 
seed  and  appears  above  the  soil  as  the  first  green  foliage-leaf. 
Hence  the  striking  differentiation  of  structure  of  the  last  type 
is  absent.  The  hypocotyl,  as  general  in  the  Order,  is  un- 
developed. Germination  begins  with  the  elongation  of  the 
lower  part  of  the  cotyledon,  which  pushes  the  root  before  it, 
and  follows  it,  both  growing  quickly,  a  short  distance  down- 
wards in  the  soil.  Kapid  growth  at  the  bend  causes  the  coty- 
ledon to  form  a  sharp  knee,  and  each  of  the  two  limbs 
continuing  to  grow,  this  is  pushed  upwards,  thus  breaking  the 
soil  in  the  manner  of  the  hypocotyl  of  many  Dicotyledons. 

'  Abliandl.  Nat.  Ver.  Sachs,  u.  Thuriiig.  Halle,  i.  p.  139. 
•■'  Alefeld,  Bot.  Zeit.,  1804,  p.  246. 
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When  the  endosperm  is  exhausted  it  draws  itself  quite  out  of 
the  withering  seed,  the  bend  becomes  straightened,  and  the 
whole  cotyledon  then  appears  above  the  soil  as  the  first  green 
foliage-leaf.  From  its  sheathing  base  appears  the  second. 
This  method  occurs  in  Sisyrinchium.  Velenovsky  ^  describes 
the  same  in  seedlings  of  Iris  sp. 

Gladiolus  communis,  L. 

Primary  root  tapering  downwards,  branching  slightly. 
Hypocotyl  undeveloped. 

Cotyledon  subterranean,  of  three  parts,  an  absorbent  organ  re- 
maining in  the  seed,  connected  by  a  long  thread-like  part  with  the 
top  of  the  sheath,  the  lower  end  of  which  is  continuous  with  the 
base  of  the  root.  The  latter  portion  forms  a  long  sheathing  tube, 
cleft  on  the  ventral  side,  with  a  rounded,  somewhat  truncated  apex 
to  the  back  of  which  the  connective  is  attached. 

The  first  foliage  leaf  emerges  from  the  sheath.  It  is  broad  and 
compressed,  and  its  long,  narrowly  cleft  sheath  includes  the  follow- 
ing leaf.  During  the  first  vegetative  period  the  internode  between 
the  insertion  of  the  first  foUage-leaf  and  that  of  the  sheathing-leaf 
which  follows  it  and  encloses  next  year's  leaf-structure,  swells  to  a 
tuber.  This  is  at  first  covered  by  the  thin  sheath  of  the  cotyledon 
(the  connective  has  long  since  died  away),  but  this  soon  perishes, 
and  the  tuber  is  protected  by  a  dry  envelope  formed  from  the  sheath 
of  the  succeeding  foUage-leaf.  The  terminal  bud  by  which  the 
plant  will  resume  growth  next  season  occupies  the  apex  of  the 
tuber.  The  primary  root  perishes  towards  the  close  of  the  first 
period,  a  few  fleshy  adventitious  roots  break  out,  close  to  it,  from  the 
short  axis  beneath  the  tuber,  but  as  these  are  often  wanting  they 
do  not  appear  to  be  essential  for  the  nourishment  of  the  plant.  Up 
to  time  of  flowering  the  plants,  which,  save  for  increase  in  size  and 
number  of  the  leaf-structures,  do  not  alter  essentially  in  the  next 
year,  continue  to  grow  by  means  of  the  terminal  bud,  while  axillary 
buds  also  appear. 

The  leaves  of  the  adult  plant  are  long,  ensiform,  sheathing  at 
the  base,  lanceolate,  acute,  and  entire  with  several  prominent  nerves. 

'  Flora,  1887,  p.  454. 
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AMARYLLIDEiE. 

Benth.  et  Hook.  Gen.  PI.  iii.  711. 

Fruit  and  Seed. — The  ovary  is  inferior  and  three-celled 
with  axile  placentation,  very  rarely  one-celled  with  parietal 
placentas.  The  ovules  are  numerous  in  each  cell  and  super- 
posed in  two  ranks,  rarely  reduced  to  one  or  two,  and  always 
anatropous.  The  fruit  is  capsular  or  succulent,  undivided  or 
trilobed,  variously  dehiscent  or  indehiscent.  The  seeds  are 
globose,  or  angled,  or  flattened  by  mutual  pressure,  and  have 
a  membranous  or  thickened,  often  black  testa.  Endosperm 
is  copious  and  fleshy  or  rarely  horny.  The  embryo  is  small, 
rarely  half  as  long  as  the  endosperm.  Important  exceptions 
to  the  above  characters  occur  in  Calostemma  which  has  by 
abortion  a  one-celled  ovary  with  one  or  two  ovules,  and  in 
Leontochir  which  has  a  triangular,  one-celled  ovary  with 
three  parietal  placentas. 

The  fruit  of  Crinum  is  capsular  and  irregularly  subglobose 
according  to  the  number  of  seeds  it  contains.  The  seeds  are 
very  large  and  irregularly  compressed  with  a  thick  testa.  In 
some  cases  at  least  they  commence  to  germinate  soon  after 
they  are  mature  and  have  dropped  on  tbe  ground,  or  even 
when  kept  in  a  drawer  or  other  dry  place.  This  they  are 
able  to  do  by  reason  of  the  large  quantity  of  endosperm  and 
the  moisture  they  contain.  The  seeds  in  the  capsule  of 
Nerine  are  few  or  solitary  and  greenish.  The  capsule  gener- 
ally if  not  always  bursts  open,  exposing  the  seeds  long  before 
they  are  ripe  ;  after  thus  dehiscing  the  valves  do  not  seem  to 
increase  in  size. 

Seedlings.— ThQ  solffcary  cotyledon  is  frequently  subter- 
ranean, and  in  other  cases  where  it  rises  above  ground,  it 
carries  up  the  seed  with  it  as  shown  by  Agave  Wislizeni 
(fig.  680).  The  hypocotyl  in  this  case  is  undeveloped,  the 
primary  root  is  stout  and  fleshy,  and  adventitious  roots  are 
soon  given  off  close  to  the  base  of  the  cotyledon. 

The  latter  is  subulate,  elongated,  dilated  and  sheathing 
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at  the  base,  and  3-3-6  cm.  long.  The  first  leaf  emerges  from 
the  sheath  of  the  cotyledon,  is  sessile,  lanceolate,  acuminate, 
and  minutely  spiny  at  the  margin. 

Agave  Wislizeni,  Engelm.  (fig.  680). 

Primary  root  stout,  tapering  downwards,  colourless,  soon  giving 
off  adventitious  roots  close  to  the  base  of  the  cotyledon. 
Hypocotyl  undeveloped. 

Cotyledon      succulent,     subulate,  Jfflh^ 
elongated,  much  tapered  to  the  apex, 
and  carrying  up  with  it  the  rotund-  ^ 
obovate,  thin  and  much  compressed 
black  testa,  much  dilated  and  sheathhig  Yl 
at  the  base,  above  which  it  is  split  to  Vl 
allow  the  plumule  to  emerge,  terete,  \|\ 
glabrous,  deep  green,  3'3-6  cm.  long,  \|| 
2' 5-3  mm.  in  diameter  above  the  basal  1|| 
sheath.  1 1| 

Stem  succulent,  very  short,  with  || 
undeveloped  internodes,  except  in  the  || 
flowering  stem.  W^^y 

Leaves  simple,  radical,   alternate,  1  Im/'^ 

exstipulate,  sessile,  succulent,  glabrous,   \^m—^  =^ 

deep  glaucous-green  on  both  surfaces,  ilf 
concave  in  vernation  or  convolute,  spiny      pia.  mQ.-Aqave  Wislizeni. 
at  the  margin  at  least  in  the  seedling  Nat.  size, 

stage,  without  discernible  venation. 

No.  1.  Lanceolate,  acuminate,  deep  glaucous-green  with  a 
hyahne  minutely  spiny  margin,  emerging  from  the  basal  sheath  of 
the  cotyledon. 


DI0SC0REACEJ5. 

Benth.  et  Hook.  Gen.  PI.  iii.  741. 

Fruit  and  Seed. — The  plants  of  this  Order  have  monoecious 
or  dioecious  and  only  exceptionally  or  abnormally  hermaphro- 
dite flowers.  The  ovary  is  inferior,  and  three-celled  with  axile 
placentation  and  two  ovules  in  each  cavity,  suspended  from 
near  the  apex  of  the  placentas  and  anatropous  or  almost 
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amphitropous.  The  fruit  is  capsular  and  three-valved  or 
baccate  and  indehiscent ;  when  capsular  the  seeds  are  com- 
pressed, and  when  baccate  they  are  globose.  In  both  cases 
these  forms  relate  to  the  method  of  distribution.  The  endo- 
sperm is  fleshy  or  almost 
cartilaginous.  The  embryo 
is  small  and  slightly  distant 
from  the  hilum. 

The  seed  of  Testudinaria 
elephantipes  is  elliptic,  very 
much  compressed  or  flat- 
tened, and  winged. 

Seedling.  —  Testudmaria 
elephantipes  (fig.  681)  may 
be  given  as  a  type  of  the 
Order.  The  cotyledon  re- 
mains in  the  seed  after 
germination  till  it  decays. 
The  hypocotyl  is  subter- 
ranean, very  short,  and  de- 
velops in  the  early  stages  of 
the  seedling  into  an  ovoid, 
fleshy  tuber.  The  first  leaf 
is  comparatively  large,  cor- 
date and  somewhat  reticu- 
late with  five  strong  nerves 
radiating  from  the  base,  and 
becommg  curved  at  their 
tips.  The  persistent  root- 
stock  or  stem  ultimately 
becomes  a  woody,  flattened, 
globose   or   conical  mass, 


Fig.  681. — Testudinaria  elephantipes. 
S,  seed ;  P,  plumule  ;  C,  fleshy  tuber  from 
hypocotyl.    Nat.  size. 


rather  deeply  fissured  in  a 
reticulate  manner,  presenting  the  appearance  of  the  shell  of 
a  tortoise. 

Testudinaria  elephantipes,  Burch.  (fig.  681). 
Primary  root  elongated,  flexuose,  stout,  with  fibrous  lateral 
rootlets. 

Hypocotyl  very  short,  subterranean,  thickening  into  a  fleshy, 
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ovate  tuber,  generally  if  not  always  rootless  during  the  earlier  stages 
of  growth. 

Cotyledon  subterranean,  remaining  in  the  seed  and  fusing  with  or 
closely  adhering  to  the  endosperm,  where  it  remains  till  decay. 

Stem  undeveloped  in  the  early  stages  of  the  seedling. 

Leaves  simple,  entire,  radical  or  cauline,  alternate,  exstipulate, 
petiolate,  glabrous,  reticulated,  with  the  principal  nerves  radiating 
from  the  base  and  becoming  incurved  upwards. 

No.  1.  Cordate,  subacutely  cuspidate,  with  five  strong  leading 
nerves  radiating  from  the  base,  and  two  weaker  branches  from  the 
basal  pair. 


LILIACEiE. 

Bentli.  et  Hook.  Gen.  PI.  iii.  748. 

Fruit  and  Seed. — The  ovary  is  superior  and  generally  three- 
celled,  with  axile  placentation,  sometimes  one-celled  with  three 
parietal  placentas,  very  rarely  two-  to  four-  to  many-celled. 
The  ovules  are  twin  in  each  cell  and  collateral  or  numerous 
and  arranged  in  a  double  series,  rarely  solitary ;  they  are 
anatropous,  semianatropous,  or  in  some  genera  orthotropous. 
The  fruit  is  baccate  and  indehiscent,  or  capsular ;  in  some 
cases  the  three  component  carpels  are  separated  almost  to  the 
base.  The  seeds  vary,  being  flattened,  angular  or  globose, 
and  with  or  without  an  arilloid.  The  testa  also  varies  in  thick- 
ness and  texture,  and  is  sometimes  developed  into  a  wing.  En- 
dosperm is  plentiful  and  fleshy,  cartilaginous  or  horny.  The 
embryo  is  very  small  and  globular,  or  elongated  and  straight 
or  curved,  with  the  radicle  close  to  the  hilum,  or  sometimes 
distant  from  it.  The  ovules  are  exceptional  in  Smilax,  Euscus, 
and  some  of  their  allies  in  being  orthotropous. 

Instances  of  globose  or  subglobose  seeds  are  met  with  in 
Euscus,  Asparagus,  Polygonatum,  Convallaria,  Hyacinthus, 
and  others.  The  seeds  of  Tulipa,  Lilium,  Fritillaria,  Urginea 
and  others  are  flattened  or  much  compressed.  Angular  seeds 
are  met  with  in  Allium,  Galtonia,  Paradisia,  Asphodelus, 
Asphodeline,  Anthericum,  and  others. 

Seedlings. — The  cotyledon  in  this  Order  is  generally,  if 
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not  always,  aerial,  and  carries  the  seed  up  with  it  during 
germination.  The  testa  is  ultimately  dropped,  generally 
by  the  decay  of  the  tip  of  the  cotyledon.  The  hypocotyl 
of  Bowiea  volubilis  (fig.  682)  is  undeveloped ; 
and  the  primary  roofc  soon  superseded  by  fleshy, 
adventitious  roots.  The  cotyledon  is  terete  and 
solid  except  at  the  base,  which  is  hollow  and 
"sheaths  the  plumule  ;  it  becomes  very  much  in- 
flated there,  constituting  the  first  tunic  of  the 
bulb.  It  varies  greatly  in  length,  from  10-23  cm. 
in  different  seedlings.  The  first  leaf  resembles 
the  cotyledon  except  in  being  very  much  shorter. 
The  leaves  of  the  adult  plant  arise  from  the  bulb 
and  are  deciduous  ;  those  of  the  much  branched 
and  twining  flower  stem  are  reduced  to  bracts. 
On  small  bulbs  the  radical  leaf  is  solitary,  semi- 
terete,  and  channelled  on  the  upper  surface. 

The  primary  root  of  a  species  of  Tulipa  (fig. 
683)  from  Afghanistan  is  short,  fleshy,  un- 
branched,  and  soon  dies  away.  The  hypocotyl 
is  undeveloped,  and  the  cotyledon  is  terete, 
thickest  in  the  middle,  tapering  each  way,  and 
carries  the  testa  for  a  time  at  its  apex.  It  soon 
becomes  gibbous  at  the  base,  and  then  develops 
into  a  blunt  tube  which  penetrates  the  soil, 
carrying  the  plumule  down  with  it  at  the  bottom 
of  the  tube,  and  both  together  constitute  the 
first  bulb.  The  object  of  this  peculiar  growth  is 
to  bury  the  bulb  at  a  sufacient  depth  in  the  soil. 
The  process  is  repeated  in  succeeding  years  when 
fresh  growth  is  being  made,  in  order  to  carry  it 
still  further  beneath  the  soil  as  it  gains  strength. 
No  true  leaves  are  developed  during  the  first 
year  of  the  plant  from  seed. 

Bowiea  volubilis,  Earv.  (fig.  682). 
Primary  root  tapering  downwards,    transversely  wrinkled 
flexuose,  with  flexuose  lateral  rootlets,  soon  superseded  by  Jong 
fleshy,  colourless  and,  at  least  in  the  early  stages,  unbraucliea 
adventitious  roots. 


Pig.  682. 
Bowiea 
voluhilia. 
Half  nat.  size. 
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Hypocotyl  undeveloped. 

Cotyledon  erect,  terete,  solid,  dilated  at  the  base  forming  the 
first  bulb,  including  the  plumule,  tapering  gradually  upwards  to  a 
slender  point,  bearing  the  small  black  shining  obovoid  testa,  which 
it  retains  until  the  tip  withers  and  allows  the  testa  to  fall  off, 
glabrous,  deep  shining  green,  dotted  with  minute  colourless  points, 
10-23  cm.  long,  l"5-2-5  mm.  thick. 

Stem  excessively  short  in  the  seedling  stage,  with  undeveloped 
internodes,  ultimately  producing  a  bulb  10-15  cm.  or  more  in 
diameter.  Bulb  of  cotyledon  4-5-6  mm.  in  diameter.  The  old  bulb 
consists  of  a  few  closely  adpressed,  green  and  fleshy  tunics  or 
sheaths. 

Leaves  simple,  entire,  radical  and  cauline,  alternate,  exstipulate, 
sessile,  glabrous,  soon  falUng  away  or  de- 
ciduous. 

No.  1.  Radical,  erect,  terete,  bright 
green,  pushed  out  from  the  base  of  the  coty- 
ledon, and  similar  to  it,  1-8  cm.  or  more 
long.  Leaves  of  the  flowering  stem  numer- 
ous, small  and  scale-hke,  subtending  the 
numerous  branches  and  branchlets. 

Tulipa  sp.  (fig.  683). 

Seed  obovate,  very  much  flattened  ver- 
tically, thin,  winged,  glabrous,  brown,  with 
a  very  small  micropyle  even  after  germina- 
tion and  not  sphttmg,  8-9  mm.  long,  6*5- 
7'5  mm.  wide. 

Primary  root  fleshy  or  succulent,  brittle, 
rather  thick  and  tapering  very  little,  ap- 
parently never  branching,  and  soon  dying 
away,  straight  or  flexuose,  whitish  or  dirty 
yellow,  with  few  or  no  root-hairs. 

Hypocotyl  undeveloped. 

Cotyledon  terete,  soHd,  elongated,  thick- 
est in  the  middle  and  tapering  to  the  base,  p,^.  '^^^.^TalipaSp.  Nat. 
but  more  so  to  the  apex,  which  is  produced      siza.  s,  seed ;  u,  coty. 
into  a  very  slender  point  usually  carrying  -S' P'-'^'^'-y 

the  testa  ;  deep  subglaucous-green,  glabrous,  withering  early  at  the 
tip,  allowing  the  testa  to  drop,  7-8-5  cm.  long  ;  basal  part  becoming 
gibbous  and  hollow,  forming  a  very  blunt  point  which  pushes  its 
way  downwards  mto  the  soil  carrying  with  it  the  plumule,  and 
finally  endmg  m  a  blunt  point  with  a  few  undeveloped  root-like 
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protuberances  ;  above  this  it  swells,  forming  the  first  bulb,  a  small 
ovoid  body  containing  a  fleshy  scale-leaf. 
Leaves  none  the  first  year. 


PALM.E. 

Bentli.  et  Hook.  Gen.  PI.  iii.  870. 

Fricit  and  Seed— The  ovary  is  free,  ovoid,  oblong  or  glo- 
bose, rudimentary  or  absent  in  male  flowers,  more  or  less 
perfectly  three-  rarely  four-  to  seven-celled,  entire  or  trilobed, 
or  formed  of  three  more  or  less  distinct  carpels.    The  ovules 
are  solitary  in  each  carpel  and  erect  or  fixed  by  a  broad  base 
to  the  interior  angle,  Bubhorizontal  or  pendulous,  anatropous 
or  semi- anatropous.    Fruit  dry,  baccate  or  drupaceous,  with 
the  terminal  excentric,  lateral  or  basilar  remams  of  the  style 
or  stigmas,  one-  rarely  two-  to  many-celled  and  -seeded, 
rarely  consisting  of  one  to  three  distinct  one-seeded  carpels. 
Exocarp  frequently  fibrous,  endocarp  membranous,  crust- 
aceous,  woody  or  stony,  smooth  internally  or  wrmkled  and 
marked  by  the  branching  raphe,  having  in  the  Cocoinefe  thi-ee 
symmetrical  pits,  two  of  which  correspond  to  barren  cells. 
Seeds  conforming  to  the  endocarp,  and  free  or  adherent  to 
it,  with  a  basilar  or  lateral  hilum  ;  testa  closely  adherent 
to  the  albumen,  raphe  short  or  elongated,  often  adherent  to 
the  endocarp,  sometimes  surrounding  the  seed  with  numerous 
branches  varying  indirection  and  often  branchmg  again  or 
reticulate.  Endosperm  horny  or  cartilaginous,  sometimes  oily, 
sohd  or  hollow  or  indented  at  the  apex  or  side,  often  rummate. 
Embryo  small,  conical  or  cylindrical,  sunk  in  the  periphery  o 
the  endosperm,  usually  at  the  hilum  next  the  dorsal  side, 
rarely  lateral  or  apical. 

Germination  takes  place  according  to  a  very  prevalent 
monocotyledonous  type.  The  radicle,  pushing  aside  the 
operculum  in  the  testa,  emerges  first,  and  penetrates  the  soil 
usually  to  a  considerable  depth,  becoming  both  long  and 
strong.  The  very  short  hypocotyl  is  thus  drawn  out  of  the 
seed,  bearing  the  rapidly  elongating  sheath  of  the  cotyledon 
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which  encloses  the  phimule.  The  other  end  of  the  cotyledon 
remauis  in  the  seed,  formmg  a  sucker  to  absorb  the  endo- 
sperm; a  narrow  neck  connects  it  with  the  sheath  portion, 
from  which  the  first  green  leaf  soon  protrudes. 


AROIDEiE. 

Benth.  et  Hook.  Gen.  PI.  iii.  955. 

Fruit  and  Seed. — The  ovaries  are  superior  and  numerous 
on  each  inflorescence,  globose,  ovoid,  oblong  or  flask-shaped, 
one-  to  many-celled,  and  arranged  spirally  on  a  fleshy  axis  or 
spadix,  or  in  parallel  and  longitudinal  rows  in  the  case  of 
Spathicarpa  and  Spathantheum.  The  ovules  are  solitary  or 
several  in  each  cell,  basal,  parietal,  axile  or  inserted  on  the 
edges  of  half-intruded  septa,  or  pendulous  from  the  apex  of 
the  cell  and  orthotropous,  anatropous,  or  half-anatropous, 
rarely  campylotropous  or  amphitropous.  The  fruit  is  baccate 
or  membranous,  indehiscent  or  dehiscing  tardily.  The  seeds 
are  small  or  large  with  a  variable  testa  and  a  copious,  fleshy, 
rarely  farinaceous  endosperm,  or  may  be  scanty  and  sometimes 
absent.  The  embryo  is  elongated,  rarely  small,  and  horseshoe- 
shaped  where  endosperm  is  absent. 

Seedling. — In  Anthurium  margaritaceum  the  cotyledon  is 
subterranean,  with  an  extremely  short  petiole  or  none  at  all, 
and  remains  in  the  seed  till  it  decays.  The  primary  root  is 
soon  superseded  by  strong  adventitious  roots  from  the  stem 
at  the  base  of  the  leaves.  The  hypocotyl  is  undeveloped ;  and 
the  first  intern  ode  of  the  stem  is  5  mm.  long,  but  subterranean. 
The  first  three  leaves  are  ovate-elliptic  and  trinerved. 

Anthurium  margaritaceum,  Baker. 

Seeds  small,  2  mm.  long  by  1*25  mm.  wide. 
Primary  root  soon  superseded  by  long  and  fleshy  adventitious 
roots. 

Cotyledon  subterranean,  remaining  in  the  seed  till  it  decays. 
Stem  exceedingly  short,  inconspicuous,  pale  green  or  colourless, 
glabrous,  extending  5  mm.  below  ground. 
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Leaves  simple,  entire,  radical,  alternate  witli  very  short  inter- 
nodes,  acute,  ovate-elliptic,  glabrous,  bright  green,  with  petioles 
slightly  longer  than  the  leaf,  exstipulate  ;  midrib  and  two  lateral 
nerves  meeting  at  the  apex  with  subsidiary  veins  between  given 
off  from  the  midrib. 


ALISMACE/E. 

Benth.  et  Hook.  Gen.  PI.  iii.  1003. 

Fruit  and  Seed. — The  ovary  consists  of  six  free  carpels,  or . 
more  rarely  three,  arranged  in  one  or  many  series  on  the 
receptacle  ;  sometimes  they  are  connate  at  the  base  and  one- 
celled.  The  ovules  are  solitary  in  each  cell,  or  twin  and  super- 
posed, or  numerous  and  inserted  on  the  interior  angle ;  very 
seldom  are  they  solitary  and  basal ;  in  the  tribe  Butomeas  they 
are  very  numerous  and  inserted  on  reticulately  branched  pla- 
centas all  over  the  walls.  They  vary  greatly  in  being  anatro- 
pous,  half-anatropous,  amphitropous,  or  campylotropous  with 
an  inferior  micropyle.  The  fruit  consists  of  free  carpels,  or 
they  are  united  at  the  base  and  dehiscent  at  the  ventral  sutm-e 
or  indehiscent,  very  seldom  circumscissile  at  the  base.  The 
seeds  are  ovoid,  oblong,  or  compressed,  small  or  minute,  and 
exalbuminous  with  a  variable  testa.  The  embryo  is  conduph- 
cately  horseshoe-shaped,  often  thickened  at  the  radicle,  very 
rarely  straight,  with  the  plumule  hidden  at  the  base  of  the 
cotyledon. 

Seedling. — Owing  to  the  absence  of  endosperm  in  the  seeds, 
the  cotyledon  in  this  Order  is  probably  always  aerial  or  aquatic. 
AHsma  Plantago  (fig.  684)  may  be  given  as  a  type.  The 
pecuHarly  thickened  hypocotyl  so  frequent  in  the  Order  is 
noticeable  even  from  the  first  stages  of  germination.  It 
produces  numerous  root-hairs  from  the  edge  of  the  thickened 
extremity,  fixing  the  seedling  in  the  soil  or  mud.  The  radicle 
itself  does  not  begin  to  elongate  till  five  or  six  days  after 
germination.  It  is  devoid  of  root-hairs  for  some  time,  but 
twelve  days  after  germination  they  are  copious.  Adventitious 
roots  commence  to  be  given  off  from  the  first  node  about  this 
time.  The  cotyledon  is  subulate-linear  or  filiform,  and  sheathes 
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Fig.  G84. — Alisma  Plantago. 
A,  B,  and  C,  x  8  :  D,  x  4  :  E,  nat.  size :  F,  nat.  size  :  C,  cotyledon 
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the  plumule  by  its  base.  The  first  two  leaves  are  linear,  acu- 
minate, one-nerved  and  Grass-like.  The  ultimate  ones  are 
oblong-elliptic  and  comparatively  broad. 

The  primary  leaves  are  often,  if  not  always,  relatively 
very  narrow,  and  the  ultimate  ones  in  several  genera  are 
broad,  oblong,  elliptic,  oval  or  sagittate.  Those  of  Sagit- 
taria  montevidensis  are  sometimes  eighteen  to  twenty-four 
inches  wide  and  proportionately  long. 

Alisma  Plantago,  L. 

Germination  (fig.  684). 

Seeds  sown  in  a  greenhouse,  in  soil  sunk  in  water,  germinated 
in  three  days. 

The  carpels  are  cuneate,  or  rather  hke  the  segments  of  an  orange, 
and  the  seed  hes  in  the  interior  so  that  the  radicle  of  the  curved 
embryo  occupies  the  outer  and  thicker  part  of  the  carpel.  The 
radicle  being  much  the  thicker  part  of  the  embryo  requires  this 
accommodation. 

The  hypocotyl  first  emerges,  and  ends  very  bluntly  or  even  trim- 
cately  with  a  thickened  margia  around  the  tip  (fig.  684,  a). 

Three  days  after  germination  (fig.  684,  b)  the  thickened  margin  at 
the  base  of  the  hypocotyl  gives  out  numerous  root-hairs  which  fix  the 
plantlet  in  the  soil.  The  place  from  whence  the  plumule  should 
emerge  is  dimly  visible  at  the  base  of  the  slender  cotyledon.  The 
carpel  or  achene  is  now  suspended  at  the  tip  of  the  cotyledon. 
Hypocotyl  very  short.  Neither  the  radicle  nor  the  lateral  adventitious 
roots  are  yet  visible. 

Four  days  after  germination  (fig.  684,  c)  the  cotyledon  rises  up, 
freed  from  the  achene,  but  is  still  slightly  twisted  at  the  end. 

Seven  days  after  germination  (fig.  684,  d)  the  cotyledon  becomes 
much  elongated,  narrowly  subulate  or  fihform,  tapering  sbghtly  up- 
wards and  straight.  The  root-hahs  are  still  copious  at  the  base  of 
the  short  hypocotyl,  and  the  primary  root  has  become  considerably 
elongated.    The  plumule  is  also  considerably  advanced. 

Twelve  days  after  germination  (fig.  684,  e)  the  cotyledon  has  not 
altered.  First  leaf  linear,  acuminate,  thin,  membranous,  showing 
a  distinct  midrib.  An  adventitious  rootlet  is  seen  just  pushing  from 
the  first  node,  above  the  hypocotyl.  Primary  root  elongated  and 
furnished  with  root-hairs  nearly  to  the  tip. 

Nineteen  days  after  germination  (fig.  684,  f)  the  cotyledon  is  still 
unaltered.  First  and  second  leaves  linear,  acuminate,  with  a  distmct 
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midrib,  sheathed  at  the  base  by  the  cotyledon.  Primary  root 
elongated  and  furnished  with  root-hairs.  Adventitious  roots  also 
from  the  first  node  well  furnished  with  root-hairs. 


CYPERACEiE. 

Benth.  et  Hook.  Gen.  PI.  iii.  1037. 

Fruit  and  Seed. — The  ovary  is  entire,  erect  and  sessile  in  the 
centre  of  the  flower,  or  sometimes  placed  on  a  short  stalk  which 
may  be  thickened  or  expanded  to  form  a  disc.  It  is  one-celled 
and  contains  a  solitary  anatropous  ovule,  erect  from  the  base. 
The  fruit  is  small,  covered  by  the  glume  or  protruded  beyond  it, 
nut-like  and  indehiscent ;  when  the  style  is  bifid,  it  is  more 
or  less  flattened  or  biconvex,  and  with  a  trifid  style  obscurely 
or  distinctly  trigonous.  The  pericarp  is  crustaceous  and 
hardened  or  sometimes  subdrupaceous,  the  exocarp  thin  or 
suberously  thickened,  the  endocarp  hard.  The  seed  is  erect 
from  the  base  of  the  fruit,  free  (?  always)  from  the  pericarp, 
and  has  a  thin  testa.  The  small  embryo  is  lenticular,  globose 
or  ovoid  and  situated  within  the  base  of  the  copious  farina- 
ceous or  fleshy  endosperm. 

Seedling. — Poiteau '  in  1808  recognised  that  the  germina- 
tion of  the  Cyperacese  differed  from  that  of  Graminese,  resem- 
bUng  that  of  Palms  and  Liliacese,  while  Klebs  in  his  recent 
memoir  ^  separates  it  distinct  monocotyledonous  type. 

Unlike  that  of  Grasses,  the  germination  in  this  Order  has  been 
little  investigated.  Mirbel  ^  describes  and  figures  that  of  Carex 
maxima,  and  Eichard  that  of  Scirpus  supinus ;  but  beyond 
this  we  have  little  information  on  the  subject  till  Klebs' 
memoir. 

According  to  the  last  author  the  process  is  very  uniform  in 
the  different  genera  and  species  investigated  (Scirpus  lacustris, 

'  Ann.  Mtis.  cl'Hist.  Nat.  xiii.    Paris,  1809. 

^  '  Beitriige  zur  Morphologie  u.  Biologie  der  Keimung,'  in  Pfefier's  TJntersucli, 
aus  d.  Bot.  Inst.  Tubingen,  i.  p.  571. 

3  Ann.  Mus.  d'Hisi.  Nat.  xvi.  p.  437  (PI.  i.)    Paris,  1810. 
*  Ibid.  xvii.  pp.  228-9  (PI.  v.  fig.  17).    Paris,  1811. 
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Cyperus  Iria,  C.  Papyrus,  Isolepis  Savii,  Carex  caucasica,  C. 
lagopina,  and  Kobresia  caricina).  lie  points  out  that  the  struc- 
ture of  the  embryo  is  somewhat  different  from  that  of  the  Grass- 
embryo,  connecting  the  latter  with  the  typical  liliaceous  type. 
The  lower  end  is  always  occupied  by  the  radicle  without  any 
marked  root-sheath,  the  upper  by  the  cotyledon.  The  Cyperaceae 
agree  with  the  Grasses  in  the  distinct  development  of  the  coty- 
ledonary  sheath,  which  encloses  the  clearly  indicated  first  leaf. 
In  germination  the  cotyledon  alone  at  first  grows.  The 
sheath  elongates,  breaks  through  its  coverings,  and  bends 
geotropically  upwards.^  The  middle  portion  of  the  cotyledon 
then  grows  rapidly,  and  pulls  the  main  root  out  of  the  seed. 
Before  the  appearance  of  the  root,  a  circlet  of  long  hairs  is 
developed  at  the  base  of  the  cotyledonary  sheath,  probably  on 
the  portion  correspondmg  to  the  hypocotyl  which  does  not 
develop.  The  hairs  take  the  place  of  the  root  in  the  early 
stages.  The  primary  root  gradually  develops  while  the  first 
leaf  appears  from  the  sheath.  Ultimately  the  primary  root 
elongates  considerably,  the  first  adventitious  root  breaks  from 
the  base  of  the  cotyledonary  sheath,  and  other  leaves  succeed 
the  first.  The  end  of  the  cotyledon  which  remains  in  the 
seed  swells  until,  after  absorbing  all  the  endosperm,  it  almost 
fills  the  interior. 


anAMiNEj:. 

Benth.  et  Hook.  Gen.  PI.  iii.  1074. 

Fruit  and  Seed. — The  ovary  is  sessile  or  shortly  stalked, 
■erect,  entire  or  sub-bidentate  at  the  foot  of  the  styles.  It  is 
one-celled  and  contains  one  ascending  anatropous  ovule,  fixed 
near  the  base  or  laterally,  and  often  separable  with  difficulty 
from  the  ovary.  The  fruit  is  termed  a  caryopsis,  and  is  inde- 
hiscent,  usually  small,  and  included  in  the  glume  and  pale  with 
a  fragment  of  the  rhachilla,  together  with  which  or  the  whole 

'  Well  shown  by  Mirbel  in  Scirims  romanus  in  EUments  de  Physialagic 
Vdgdtale,  p.  59,  fig.  4. 
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spikelet  it  drops  off;  it  ivarely  protrudes  from  the  glume 
or  falls  separately.  The  pericarp  is  usually  very  thin,  closely 
adnate  to  the  seed  with  a  mark  over  the  hilum,  rarely 
loose,  membranous,  or  in  some  members  of  the  tribe  Bam- 
buse£e,  hard  and  crustaceous  or  very  thick  and  fleshy.  The 
seed-coat  is  adnate  to,  and  not  to  be  distmguished  from  the 
pericarp,  or  is  free  from  the  latter  and  very  thin  and  adnate 
to  the  endosperm.  The  endosperm  is  copious,  and  farinaceous 
or  rarely  fleshy.  The  embryo  is  small,  globose  or  depressed, 
often  minute  and  situated  at  the  base  of  the  endosperm.  It 
shows  a  very  characteristic  distinction  of  parts,  and  often  a 
high  development.  The  most  characteristic  is  the  cotyledon, 
which  consists  of  two  clearly  separated  portions  :  the  scutellum 
or  absorbent  organ  which  remains  in  the  seed  in  germination, 
first  causing  the  solution  of  the  nutrient  endosperm  and  then 
absorbing  it ;  and  the  sheathmg  portion  which  protects  the 
plumule  and  in  germination  penetrates  the  soil  and  appears 
above  the  earth  still  enveloping  the  first  green  leaf.  This  view 
of  the  morphology  of  the  cotyledon  was  hinted  at  by  Gaertner  ^ 
and  subsequently  elaborated  and  strongly  insisted  on  by  Van 
Tieghem  ^  from  the  anatomy  of  the  organs  especially  the  course 
of  the  vascular  bundles.  A  similar  arrangement  has  lately 
been  described  by  Tschirch  in  the  Scitaminese  (see  ante,  p.  566). 
The  radicle  is  enclosed  in  the  root-sheath  (coleorhiza) ;  several 
lateral  rootlets  are  often  indicated. 

Seedling. — The  germination  of  Grasses  has  been  carefully 
investigated  by  many  workers  from  Mirbel,  Poiteau  and  Eichard 
onwards.  It  differs  from  that  of  Cyperacete  by  the  radicle,  and 
not  the  cotyledon,  first  emerging  and  growing  rapidly  down- 
wards. The  root-sheath  is  first  slightly  protruded  from  the 
seed,  but  is  soon  broken  by  the  root  which  rapidly  elongates, 
and  is  usually  closely  covered  with  hairs,  which  are  also  often 
found  on  the  free  surface  of  the  root-sheath.  The  cotyledonary 
sheath  grows  upwards,  penetrates  the  testa,  pericarp,  and  the 
glume  when  present,  and  makes  its  way  through  the  soil  as 
a  sharp  wedge,  while  the  scutellum  slowly  absorbs  the  endo- 

'  De  Fructibzis,  &c.  1788,  i.  p.  cxlix. 

2  '  Observations  anatomiques  sur  le  Cotyledon  des  Gramin(5es,'  Aim.  Sci. 
Nat.  ser.  v.  torn.  xv.  (1892),  p.  236. 
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sperm.  In  some  cases,  as  in  Sorghum,  Panicum,  and  Eleusine, 
intercalary  growth  occurs  in  the  tissue  (?  hypocotyledonary)  at 
the  base  of  the  sheath  separating  it  by  a  narrow  limb  from 
the  scutellum. 

Growth  of  the  primary  root  is  always  limited ;  sooner  or 
later  numerous  adventitious  roots  break  through  and  take  its 
place. 
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Kenntniss  der  Keimpflanzen  u.  der  Sprossverhiiltiiisse  einiger  Alstroemerieen. 

Festschr.  Naturf.  Oas.  Halle,  1879. 
Lagbkze-Fossat.    De  la  germination  du  Pancratium  illyricum.    Bull.  Soc. 

Bot.  France,  iii.  p.  210. 
Le  Maout  and  Decaisne,  I.  c.  pp.  786-793,  figure  seeds  of  Leucojum  vemum, 

Ojooranthus,  Hypoxis,  and  Barbacenia. 
Link.    Ueber  keimende  Samen  von  Hymenocallis.   Flora,  1845,  p.  480. 
Pbillieux  et  Eivieee.    De  la  structure  et  du  mode  de  formation  des  graines 

bulbiformes  de  quelques  Amaryllid6es.    Ann.  Sci.  Nat.  s&r.  iv.  t.  ix.  (1858), 

p.  97. 

Ampelide^. 

Le  Maout  and  Decaisne,  I.  c  p.  349,  figure  seed  of  Vitis  vinifera. 


Anacaediace^. 

Bah-lon,  Natural  History  of  Plants,  Eng.  trans,  vol.  v.,  figures  seed  of  Bhus 
Cotinus,  p.  272 ;  Anacardium  occidentale,  p.  275  ;  Anisomallon  clusimfolium, 
p.  280 ;  Phytocrcne  luzoniensis,  p.  283  ;  and  Chlamydocarya  Tlwmsoniana, 
p.  285. 

Candolle,  a.  p.  de.    Anacardium,  v.  A.  P.  de  Candolle  sub  LESUMiNOsa:. 
Le  Maout  and  Decaisne,  I.  c.  p.  361,  figure  seed  and  embryo  of  Rhus  Cotinus 
and  Pistacia. 

Anonaces!. 

Batllon,  I.  c.  i.,  figures  seeds  of  Asimina  triloba,  p.  188  ;  Anona  discolor,Tp.  202 
Xylopia  grandiflora,  p.  217 ;  Oxymitra  patens,  p.  229  ;  0.  Grayana,  p.  280 ; 
Monodora  myristica,  p.  240. 

Le  Maout  and  Decaisne,  I.  c.  p.  197,  figure  seed  of  Asimina. 

APOCYNACEiE. 

Lb  Maout  and  Decaisne,  I.  c.  p.  549,  figure  seed  of  Apoeynum. 

AEAIiTACE^. 

Baidlon,  I.  c.  vii.,  figures  seed  of  Aralia  polans,  p.  154,  and  Hedera  Helis, 
p  166 

Buchenau,  F.    Zur  Morphologie  von  Hedera  Helix.    Bot.  Zcit.  1864,  p.  241. 

Abistolochie;e. 

Lb  Maout  and  Decaisne,  I.  c,  figure  seeds  of  Aristolochia,  p.  706;  of  Asanim, 
p.  707. 

Aroide^. 

Buchenau,  F.  Ueber  das  Vorkommen  von  zwei  Hiillblattern  am  Kolben  u.  die 
Keimung  v.  Richardia  (Calla)  athiopica.  Ahluindl.  luiturwiss.  Ver.  Brei>ien, 
i.  (1868),  p.  51,  t..  i. 


BIBLIOGRAPHY 


597 


Englee,  a.    Araceffi,  in  Martius  '  Flora  Brasiliensis,'  iii.  2. 

  Alph.  de  Candolle,  Monogr.  Phanerog.  ii.  (1879),  p.  33. 

Geh-fith.    Ambrosinia  ciliata,  Eoxb.    Trans.  Linn.  Soc.  (Bot),  xx.  (1847), 

HoEKEL.   Ueber  die  Saamenbildung  u.  das  Keimen  des  Genus  Pistia.  Berieht 

Akad.  Wiss.  Berlin,  ii.  (1837),  p.  41. 
Iemisch,  Th.   Beitriige  zur  vergleichenden  Morpbiologie  der  Pflanzen,  Abt:  vi. 

Ueber  einige  Aroideen.  Abh.  Natiorf.  Ges.  Halle,  xiii.  (HaUe,  1877),  p.  159. 
  See  LiLiACEffi. 

Klotzsch.  Ueber  Pistia.  Abh.  Berlin.  ATcad.  Physih.  u.  Math.  Kl.  1852,  p.  329. 
Koch,  K.   Ueber  Pistia  im  Allgemeinen  u.  P.  Turpini  insbesondere.  Bot.  Zeit. 
1852,  p.  577. 

KuBiN,  E.  Die  Entwickelung  von  Pistia  Stratiotes.  In  Banstein's  Bot.  Abh. 
iii.  (Bonn,  1878). 

Le  Maout  and  Decaisne,  Z.  c,  figure  seed  of  Arum,  p.  831 ;  of  Cyrtosperma, 
p.  833  ;  seed  and  embryo  of  Calla,  p.  832  ;  of  Pistia,  p.  834. 

Schleiden's  original  drawiags  '  include  seedling  of  Pistia  commutata,  and  a  fine 
series  illustrating  germination  of  P.  Stratiotes. 

ScHOTT.  Icones  Aroidearum  (Vienna,  1857);  figures  germination  of  several 
species. 

AsCLEPIADEiE.  1 

Schleiden's  original  drawings  include  germination  and  seedling  of  Stapelia 

Asterias,  and  seed  and  embryo  of  Asclepias  pttlchra. 
Waeming,  E.     Vincetoxicum  officinale,  Moench.  (seedling).     Botan.  Tids. 

Kjobenhavn,  1877-79,  p.  78. 

Balanophoee^. 

Baillon,  I.  c.  p.  506,  figures  seed  of  Cynomorium  coccineum, 
HooKEE,  J.  D.  On  Structure  and  Affinities  of  Balanophorese.  Trans.  Linn.  Soc. 
(Bot.),  vol.  xxii.  (1859)  p.  18. 

BALANOPSEa;. 

Baillon,  I.  c.  vi.  p.  240,  figures  seed  of  Balanops  Vieillardi. 

BATDDEiE. 

Le  Maout  and  Decaisne,  I.  c.  p.  738,  figure  seed  and  embryo  of  Batis. 

BEGONIACEffi. 

Le  Maout  and  Decaisne,  I.  c.  p.  454,  figure  seed  of  Begonia. 

Beebeeideje. 

Baillon,  I.  c.  iii.,  figures  seed  of  Lardieabala  bitcrnata,  p.  43  ;  of  Berberis 

vulgaris,  p.  51. 
Beenhaedi,    Leontice  vesicaria.    See  Genebal. 

'  Preserved  in  the  Botanical  Department  of  tlie  British  Museum, 
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Lb  Maodt  and  Decaisne,  I.e.,  figure  seed  of  Berberis,  pp.  110,  202;  and 
Caiilophyllum,  p.  204. 

BlGNONIACE^E. 

B011EAU.    MonograpMe  des  Bignoniac6es.    Paris,  1864. 

Le  Maout  and  Decaisne,  I.  c.  p.  602,  figure  seed  and  embryo  of  Bignmia 
Catalpa. 

Bixine^e. 

Baillon,  Z.  c.  iv.,  figures  seed  of  Bixa  Orellana,  p.  274  ;  Pangium  edule,  p.  289 ; 

Papaya  carica,  p.  292. 
Le  Maout  and  Decaisne,  Z.  c.  p.  246,  figure  seed  of  Pangium. 

BOEAGINE^. 

Le  Maotjt  and  Decaisne,  Z.  c,  figure  seeds  of  Tournefortia  and  Heliotropium, 

p.  571 ;  and  seed  and  embryo  of  Corclia  MyxcB,  p.  574. 
Chatin,  J.    See  Sceopholaeiace^. 

Wichdea.     Ueber  Keimung  von  Omplialodes  scorpioides,  Lehm.  Jahresb. 
Schles.  Gesell.  vaterland.  Kultur,  xxxiii.  (1855),  p.  91. 

Beomeliace^. 

Candolle,  a.  p.  de.    Notice  sur  les  graines  de  VAnaiias.  Ann.  Sci.  Nat.  s6r.  ii. 

t.  iv.  (1835),  p.  57. 
Gatidichaud.    See  Geneeal. 

Iemisch,  Th.    Beitrage  zur  vergleichenden  Morphologie  der  Pflanzen,  Abt.  vi. 

Festschr.  Naturf.  Ges.  Halle,  1879. 
Le  Maout  and  Decaisne,  Z.  c.  p.  767,  figure  seeds  of  Bromelia  and  Tilland- 

sia,  and  seed  and  embryo  of  Billbergia. 

Beuniaceje. 

Lb  Maotjt  and  Decaisne,  Z.  c.  p.  413,  figure  seed  of  Brunia. 

BUEMANNIACE^. 

Geiffith,  Thismia,  Trans.  Linn.  Soc.  (Bot),  xix.  (1845),  p.  341,  t.  39;  and 

Icones  Plant.  Asiat.  t.  272. 
Lb  Maout  and  Decaisne,  I.  c.  p.  778,  figure  seed  and  embryo  of  Bur- 

mannia. 

MiEES,  J.,  Trails.  Linn.  Soc.  (Bot.),  xviii.  (1841),  p.  535,  tt.  37,  38,  figures  seeds 
of  Dictyostegia,  Burmannia,  Ctjmbocaipa  {Gymnosiplwn),  and  Apteria. 

BUBSEBACE^. 

Canarium  SapJm,  Engler :  sections  of  fruit  and  views  of  embryo.  Engl. 
Bot.  Jahrb.  xv.  (1892),  p.  100. 

CACTACEiE. 

Botany,  Eailroad  Reports,  Mississippi  to  Pacific.    No.  3,  Cactacea?,  pp.  23,  24. 
(Contains  figures  of  germination  of  several  species  of  Opuntm.) 
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Engelmann,  G.    CactaceaB  of  the  Boundary.   Eeport  of  the  U.S.  and  Mexican 

Boundary  Survey.    "Washington,  1859. 
Irmisch,  Th.  Ueber  die  Keimpflanzen  von  Bhijpsalis  Cassytha  u.  deren  Weiter- 

bildung.    Bot.  Zeit.  1876,  pp.  193,  209. 
Le  Maout  and  Decaisne,  I.  c.  p.  459,  figure  seed  of  Opuntia. 
MiQUEL,  F.  W.    Sur  la  germination  des  Melocactus.    Ann.  Sci.  Nat.  s6r.  ii. 

t.  xiv.  (1840),  p.  62. 
Zuccabini.   Notiz  vbev  Cereus  flagelliformis.    JFZora,  1833,  p.  95. 
  Plantarum  novarum  vel  minus  cognitarum  qua3  in  horto  botanico 

herbarioque  Eegis  Monacensi  servantur.  III.  Cacteas.     AbJi.  Math.-Phys. 

CI.  k.  Bay.  Akad.  Wissenscli.  ii.  p.  597.    Munich,  1837. 

Calycanthace^. 

-Lignier,  0.    See  Generai,. 

Baillon,  Z.  c.  i.,  figures  seeds  of  Calycantlius  occidentalis,  p.  284,  and  Chimon- 
antlius  prcBCox,  p.  286. 

CAI/YCEBEa;. 

Batdlon,  I.  c.  vii.  p.  524,  figures  seed  of  Boopis  austraUs. 

Le  Maout  and  Decaisne,  I.  c.  p.  493,  figure  seed  and  embryo  of  Calycera. 

Campa^iulace^. 

Baillon,  I.e.  viii.,  figures  seeds  of  Campanula  Bapiinculus,  p.  319;  of  C. 

speculum,  p.  320  ;  Lobelia  syphilitica,  p.  330. 
Botany  of  the  Mexican  Boundary,  pi.  35 :  seed  and  seedling  of  Nemacladus 

ramosissimus. 

Buchenau,  F.  Morphologische  Bemerkungen  liber  Lobelia  Dortmanni.  Flora, 
1866,  p.  33. 

Warming,  E.    Phyteuma  spicatum,  L.  (seedHngs).    Bot.  Tids.  Kjobenhavn, 
1877-79,  p.  76. 

  Campanula  rotundifolia,  L.  (seedlings).   Ibid.  p.  84. 

CAPPARIDEa;. 

AscHERsoN,  P.    Ueber  Keimlinge  v.  Boscia  senegalensis.     Sitzungsber.  Bot, 

Ver.  Brandenburg,  xx.  (1878),  p.  138. 
Baillon,  I.  c.  iii.,  figures  seeds  of  Cleome  gigantea,  p.  146 ;  Capparis  spinosa, 

p.  151 ;  and  Bopalocarpus  lucidus,  p.  160. 
Delessert,  Icones,  iii.  tt.  1-13,  figures  fruit  and  seeds  of  Cleome  spp.,  Cadaba 

capparioides,  and  Mcsrita  angolcnsis. 
Eichlbr,  in  Martius,  Flor.  Brasil.  xiii.  1,  tt.  54-65,  gives  very  good  figures  of 

fruit,  seed  and  embryo  of  various  species  of  Capparis  and  other  genera. 
Le  Maout  and  Decaisne,  I.  c.  p.  233,  figure  seed  and  embryo  of  Capparis. 

Caprifoliaceze. 

Baillon,  Z.  c.  vii.,  figures  seeds  of  Lcyccsteria  formosa,  p.  354 ;  Lonicera 
Caprifolium,^.ibl ;  Sambuciis  nigra,  t^.  361 ;  Adoxa  Moschatellina,  p.  3G2. 
Xe  Maout  and  Decaisne,  I.  c.  p.  481,  figure  seed  of  Viburnum. 
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Caryophyllace;e. 

Le  Maout  and  Decaisne,  I.e.,  figure  seed  of  Lychnis,  p.  107;  Spergularia,. 
p.  107 ;  Drypis  spinosa,  and  Cucubalus  baccifcra,  p.  255 ;  Agrostemma 
Githago,  and  Dianthus,  p.  256  ;  Saponaria  officmalis,  Gypsophila  repens, 
and  Velezia  (with  embryo),  p.  257;  Stellaria,  Buffonia  vmcrosperma,. 
Holostetim  umhellatum,  Spergularia  marginata,  and  Cerastium  arvense 
p.  258. 

Schleiden's  original  drawings  contain  a  figure  of  the  germination  of  Sileiie 
conica. 

SiMEK.  Die  Keimpfliinzen  einiger  Caryophyllaceen,  Geraniaceen  u.  Compositen. 
Prague,  1889. 

Casuaeine^. 

Le  Maout  and  Decaisne,  I.  c.  p.  684,  figure  seed  of  Casuarina. 
LoEW,  E.    De  Casuarinearum  caulis  foliisque  evolutione  et  structura.  De- 
germinatione,  p.  6.    Inaug.  diss.   Berlin,  1865. 

CEIiiSTEACE^. 

Baeoni,  E.  Sulla  struttura  del  seme  dell'  Evonymus  japoniciis,  Thunb.,  Nuov.. 

Giorn.  Bot.  Ital.  xxiii.  (1891),  p.  513. 
Le  Maodt  and  Decaisne,  I.  c.  p.  342,  figure  seed  of  Euonymtts. 

CENTEOLEPIDACEa: . 

HiEEONYMUs,  G.  Beitrage  zur  Kenntniss  der  Centrolepidaceen.  AbJiandl.. 
Naturf.  Gescll.  Halle,  xii.  (1873),  p.  115. 

CeEATOPHYIiLE^. 

Baillon,  I.  c.  iii.  p.  479,  figures  embryo  of  Ceratophylhim  demersuni. 
Le  Maout  and  Decaisne,  I.  c.  p.  736,  figure  seed  and  embryo  of  Ceratophyllum.. 
ScmEEDEN,  M.  J.  Beitrage  zur  Kenntniss  der  Ceratophylleen.  Beitr.  z.  Botanik. 
Leipzig,  1844.    Also  Liivncea,  xi.  (1837),  p.  513,  and  original  drawings. 

Chenopodiace^. 

Clos.    Des  graines  de  VAtriplex  hortcnsis,  et  de  leur  germination.    Bull.  Soc. 

Bot.  France,  iv.  (1857),  p.  441. 
Iemisch,  Th.    Clienopodmm  Bonus-Hcnricus.    Flc/ra,  1853,  p.  523. 
Lange.    Uderligere  Bemerkninger  om  de  treformede  Froe  hos  Atriplex  Jiorten- 

sis.    Bot.  Tids.  Ejdbenhavn,  1867,  p.  147. 
Le  Maout  and  Decaisne,  I.  c,  figure  seeds  of  Chenopodiuvi  and  Beta,  p.  638,. 

and  seed  and  embryo  of  Basella,  p.  641. 
ScHARLocK.    Ueber  die  di-eifach  gestalteten  Samen  von  Atriplex  nitcns.  Bot' 

Zeit.  1873,  p.  317. 

Vandenbeeghe.  Etude  des  graines  et  de  la  germination  des  Salicornes  de 
Heyst  et  de  Terneuzen.  Bull.  Acad.  Roy.  Sci.  etc.  Belgiqne,  s6r.  iii.  t.  xviii. 
(1889),  p.  719. 

Vexes,  H.  de.    Keimungsgeschichte  der  Zuckerriibe.    Landw.  Jahrb  1879. 


BIBLIOGKAPHY 


601 


WiNKLEK,  A.    Die  Keimpflanze  der  Salicornia  herbacea,  L.    Verh.  Bot.  Ver.. 

Brandenbttrg,  xxviii.  (1886),  p.  32.  n  n  ^  ■ 
  Ueber  das  Arten-Recht  des  Chcnopodium  opulifoliim,  Schrad.,  u.  Cfic^- 

foliwm,  Sm.    Ibid.  xxix.  (1887),  p.  112.  . 
 Chenojpodium  album  forma  microphyllum,  Coss.  et  Germ.,in  der  Provmz. 

Brandenburg.    Ibid.  xxx.  (1888),  p.  72. 

Baillon,  I.  c.  vol.  iv.  p.  229,  figures  seed  of  Leptolcena  multiflora. 


Chloeanthace^. 

Le  IMaout  and  Decaisne,  Z.  c.  p.  734,  figure  seed  of  Sarcandra  chloranthoides^ 
and  seed  and  embryo  of  CMoranthus. 

CisTACEa;. 

Baillon,  I.  c.  iv.  p.  333,  figures  seed  of  Helianthemum  lasiocarjnm. 
Ibmisch,  Th.    Ueber  Helianthemum  Fiomaria.    Bot.  Zeit.  1850,  p.  204. 
Le  Maout  and  Decaisne,  I.  c.  p.  239,  figure  seed  of  Gistus  Ladanum. 

COMBBBTACE^. 

KabSTEN,  G.     See  ACANTHACEiE. 

Commelinace^. 

Le  Maout  and  Decaisne,  I.  c.  p.  868,  figure  seed  and  embryo  of  Tradescantia- 
virginica. 

Composite. 

Baillon,  I.  c.  viii.,  figures  seeds  of  Calendula  officinalis,  p.  43 ;  and  Helianthus 
annuiis,  p.  48. 

Botany  of  the  Mexican  Boundary:  seeds  of  Dicoria  canescens,  pi.  30,  and 

Bafinesqtiia  califomica,  pi.  34. 
BucHENATJ,  P.    Cotula  coronopifolia.    Bot.  Zeit.  1862,  p.  17. 
Decaisne,  J.    Monographic  des  genres  Balbisia  et  Bobinsonia  de  la  famille  des 

Composdes.    Ann.  Sci.  Nat.  s6r.  ii.  t.  i.  (1834),  p.  24. 
Iemisch,  Th.  Beitrag  zur  Naturgesohichte  des  Cirsium  arvense  u.  einiger  andern 

Distelarten.    Zcits.  Gesammt.  Naturwiss.  Halle,  i.  (1853),  p.  193. 

  Keimpflanze  von  Tussilago  Farfara.    Flora,  1853,  p.  521. 

  Dahlia  rosea.   Abh.  Naturf.  Oesell.  Halle,  ii.  (1854),  p.  57,  t.  iv. 

Le  Maout  and  Decaisne,  I.  c.  p.  502,  figure  embryo  of  Bobinsonia  and  seed  of 

Tagetes. 

Nielsen,  P.  Om  Ukrudtsplanten  Polfod  (Tussilago  Farfara).  Ugeskrift  for 
Landmand,  1877,  ii.  (Danish.) 

Sachs,  J.  Helianthus  annuus  (young  seedling  and  its  anatomy),  Bot,  Zeit. 
1859,  p.  181 ;  and  Xanthium  Strumarium  (germinating  seed  and  its 
anatomy),  ibid.  p.  185. 

Schleiden's  original  drawings  include  germination  of  Dahlia  and  seed,  germi- 
nation and  seedling  of  Cnicus  benedictus. 
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SiMEK.    See  Caeiophyllace;e, 

AViNKLEB,  A.   Seedlings  of  Crepis  fcetida  and  rhceadifoUa.   Flora,  1880,  p.  49. 

CONIFEEJE. 

Beongniart,  Ad.    On  the  Germination  of  Araucaria.    Ann.  Sci.  Nat.  s6r.  ii. 

t.  xii.  (1839),  p.  228. 
Daguillon.    Eecherches  morphologiques  sur  les  feuilles  des  Conif^res.  Bev. 

Gin.  Botan.  ii.  (1890). 
Don,  D.    Description  of  two  new  Genera  of  Coniferje.    (Cryptomeria  and 

Athrotaxis.)    Trans.  Linn.  Soc.  (Bot.),  xviii.  (1841),  p.  163. 
DiiEB.    Ueber  das  Keimen  u.  die  Vermehrung  der  Araucaria  Bidwillii.  Garten- 
flora  (Begel),  1865,  p.  103. 
GoppERT,  H.  E.    De  Coniferarum  structura  anatomica.    Breslau,  1841. 
Le  Maout  and  Decaisne,  I.  c,  figure  seed,  embryo,  and  germination  of  Pirncs, 

p.  741 ;  embryo  of  Abies,  p.  741 ;  seeds  of  Gupressus  and  Juniperus,  p.  745; 

seed  of  Taxus  baccata  and  seed  and  germination  of  Ginkgo,  p.  747. 
Link.    Ueber  keimende  Zamia  muricata.    Flora,  1846,  p.  432. 
Masters,  M.  T.  M.    Eeview  of  some  points  in  the  Comparative  Morphology, 

Anatomy,  and  Life-history  of  the  Coniferas.   Joum.  Linn.  Soc.  {Bot.)  xxvii. 

(1891),  p.  230. 

EicHAED,  L.  C.    M6moires  sur  les  Conif^res  et  les  CyCad^es.    Stuttgart,  1826. 
ScHWENDENER,  G.    Ueber  den  Wechsel  der  Blattstellungen  an  Keimpflanzen 

von  Finns.    Sitzungs.  Bot.  Ver.  Brandenburg,  1879  ;  and  Bot.  Zeit.  1880, 

pp.  251-4. 

Steasburger,  E.    Die  Coniferen  u.  Gnetaceen.  Jena,  1872.    Keimung,  p.  319. 

CONVOLVTILACE^. 

Bailey,  W.  W.  Abnormal  Cotyledons  of  Ipomcea  purpurea.  Bull.  Torr.  Bot.  CI 
X.  (1883),  p.  82. 

DoENEB,  J.  V.    Die  Cuscuteen  der  ungarischen  Flora.  LiniKxa,  N.  F.  i.  (1867-8), 
p.  185. 

Gray,  A.    Ipomcea  leptophylla.    '  Structural  Botany,'  p.  23. 

Haenlein,  H.    Ueber  den  Bau  u.  die  Entwickelung  der  Samenschale  von  Cuscuta 

europcea.    Nobbe,  Landwirth.  Versuchsst.  xxiii.  1879. 
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August.  Ueber  das  Einbohren  der  Samen  von  Erodium.  Bot.  Zeit.  1869 
p.  518. 

Batllon,  I.  c.  v.,  figures  seed  of  Biebersteinia  Emodi,  p.  2 ;  Geranium 
Bobertianum  (with  embryo),  p.  5 ;  Floerkea  Douglasii,  p.  21 ;  and  Oxalis 
Acetosella,  p.  23. 
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xxii.  (1882),  p.  278.  _ 
Le  Maotjt  and  Decaisne,  Z.  c,  figure  seed  (with  germination)  of  Kpliedra, 

p.  748,  and  Welwitschia,  p.  749. 
MEyEB,  C.  A.    Versuch  einer  Monographic  der  Gattung  Epliedra  (taf.  viii.). 

St. '  Petersburg,  1845-6 :  taken  from  the  Bulletin  de  la  Classe  Physico- 

math&matiqiLe  de  VAcadimie  des  Sciences  de  St.  Pitersbourg,  t.  v.  No.  3. 
MoNTEiEO,  D.  G.    Germination  of  Welwitschia  mirabilis.    Gard.  Chron.  xvii. 

(1882),  p.  14,  figs.  2,  3. 

StRASBUEGEE.    See  CoNIFEEiE. 

Gbamine^. 

Beneckb,  p.    Over  Suikerriet  uit  '  Zaad.'    Meded.  Proefstat.  Midden-Java. 

Semarang,  1889. 
Beenhaedi.    Panicim  capillare.    See  General. 

Bbown  H  T.  and  Moebis,  G.  H.  :  Eesearches  on  the  Germination  of  some 
of  the  Graminete.    Part  I.    Journ.  Chem.  Soc.  Ivii.  (1890).  Transax^ts. 

pp.  458-528.  ,  ,    .     ^  , 

DiDBicHSEN,  F.    Afbildninger  til  Oplysning  a£  Grseskimens  Morphologi.  Bot. 

Tids.  Kjobenliavn,  xviii.  (1892),  p.  1,  tt.  1-4. 
Heiden.    Keimen  der  Gcrste.    Berlin,  1859. 

HoHNEL  Fb  v.  Vergleichende  Untersuchungen  der  Epidermis  der  Grammeen- 
spelz'en  u.  deren  Beziehung  zum  Hypoderma.  Haberlandt's  Wissenscluiftl. 
Prakt.  Untersuchung.  auf.  d.  Gebiete  des  Pflamenbaues,  i.  Vienna. 

.Jdst,  L.  Keimung  u.  erste  Entwickelung  von  Secale  cereale  unter  dem  Emfluss 
desLichts.    Inaug.  diss.    Breslau,  1870. 

Kaesten,  H.   Ueber  Zizania  a^uatica.   Linnaa,  xxxi.  (1861-2),  p.  olO. 
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Knobbe,  R.    Das  Weizenkom  u.  seine  Keimung.    Diss.    Konigsberg,  1871. 
KoENicKE,  Fb.   Die  Saatgerste  {Hordeum  vulgare).    Zeitsch.  Ges.  Bmuwesen, 
1882-84. 

Krafft,  G.   Die  normaleu.  anormale  Metamorphose  der  Maispflanze.  Vienna, 
1870. 

Le  Maout  and  Decaisne,  Z.  c,  figure  seed,  embryo,  and  germination  of  the 

Oat,  pp.  112,  887 ;  of  the  Wheat,  p.  887  ;  seed  and  embryo  of  the  Eice,  p.  887 ; 

of  Sorghum,  p.  888 ;  the  germination  of  Zea  Mays,  p.  889  ;  the  seeds  of 

Lolmvi  and  Sporobohis,  p.  889  ;  and  the  embryo  of  the  Bamboo,  p.  890. 
MiEBEL.    Observations  sur  la  germination  des  Gramindes.    Ann.  Mus.  Hist. 

Nat.  xiu.  (1809),  pp.  145,  152. 
MoREis,  D.    On  the  Production  of  Seed  in  the  Sugar-cane.    Journ.  Linn.  Soc. 

(Bot.)  xxviii.  (1890),  p.  200,  pi.  33. 
PoiTEAu,  A.    M6moire  sur  I'Embryon  des  Gramindes,  des  Cyperac^es,  et  du 

Nelumbo.   Ann.  Mus.  Hist.  Nat.  xiii.  (1809),  p.  381. 
EiCHABD,  L.  C.  Analyse  botanique  des  embryons  endorhizes  ou  monoeotyl6dones, 

et  particuh^rement  de  celui  des  Gramin^es.    Ann.  Mus.  Hist.  Nat.  xvii. 

(1811),  pp.  223,  442  (good  figs.). 
Sachs,  J.    Zur  Keimungsgeschichte  der  Graser.    Bot.  Zeit.  1862,  p.  145. 
Schleiden's  original  drawings  include  germination  of  Briza  maxima,  Triticum 

fastuosum,  Hordeum,  Oryza  sativa,  and  Zea  Mays,  and  a  fine  series  of 

Lolium  speciosum  and  Avena  sativa. 
TiEGHEM,  Van.    Observations  anatomiques  sur  le  cotyledon  des  Gramindes. 

A7in.  Sci.  Nat.  s6r.  v.  t.  xv.  (1872),  p.  236. 
TiTTMANN,  J.  A.   Ueber  den  wahren  Saamen-lappen  (Cotyledon)  bei  den  Getrei- 

dearten  u.  Grasern.    Ann.  Wetterau.  Ges.  iii.  Hanau  (1812),  p.  130. 
Theichel.    Ueber  vorzeitige  Keimung.    Verh.  Bot.  Ver.  Brandenburg,  xxii. 

(1880),  pp.  xi-xiii. 
Uloth,  W.    See  Sapindace^. 

Waeming,  E.   Der  Graskeim.    Videnshab.  Meddel.  Naturhist.  Foren.  Kjoben- 

havn,  1879-80. 
WiTTMACK,  L.    Gras-  und  Kleesamen.    BerUn,  1873. 

GUTTIFEE^. 

Le  Maout  and  Decaisne,  I.  c.  p.  269,  figure  seed  and  embryo  of  Pilosperma. 
Planchon,  E.,  et  Teiana.    Memoire  sur  la  famille  des  Guttif^res.    Aim.  Sci. 
Nat.  s6r.  iv.  t.  xvi.  (1862),  p.  288. 


HaiMODOEACEa;. 

Le  Maout  and  Decaisne,  I.  c,  figure  seeds  of  Anigosanthus  and  Hcemodorum 
(with  embryo),  p.  790  ;  and  Peliosanthes,  p.  842. 

HALOEAGEa:. 

Batdlon,  I.  c.  vi.,  figures  seeds  of  Haloragis  alata,  p.  478,  and  Hippuns  vulgaris, 

p.  485 ;  and  v.  151,  seed  of  Cdllitriche  stagnalis. 
Hegelmaiee,  Fe.    Monographie  der  Gattung  Callitrichc.    Stuttgart,  1864. 
lEinacH,  Th.   Bemerkungen  uber  einige  Wassergewiichse  (Myriophylhm) 

Bot.  Zeit.  1859,  p.  353. 
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Le  Maout  and  Decaisne,  I.  c,  figure  seed  of  Ownnera,  p.  416;  and  Callitriche, 
p.  418. 

HAMAMELIDBjE. 

Le  Maout  and  Dbcaisne,  I.  c,  figure  seed  and  embryo  of  Hamamelis,  p.  409, 
and  Liquidambar,  p.  411. 

HYDROCHABIDEa! . 

Balfotje,  J.  B.,  Trans.  Bot.  Soc.  Edinb.  xiii.  (1879),  pp.  328-332,  describes  fruit, 

seed,  and  development  of  embryo  of  HalopMla. 
Caspaey.    Die  Hydrillen.    Brings.  Jahrb.  i.  (1858),  p.  478. 
Chatin.    Sur  la  graine  et  la  germination  du  Vallisneria  spiralis.    Bull.  Soc. 

Bot.  France,  iii.  (1856),  p.  295. 
Le  Maodt  and  Decaisne,  I.  c.  p.  755,  figure  seed,  embryo,  and  germination  of 

Hydrocharis  Morsus-rance. 

Ilicines!. 

Lb  Maout  and  Decaisne,  I.  c.  p.  339,  figure  seed  of  Ilex  aquifolium. 

Illecebeace^. 

Le  Maout  and  Decaisne,  I.  c,  figure  seed  of  Scleranthus,  p.  642;  Illecebrum 

and  Telephium,  p.  643. 
"Wtdlee,  H.    Corrigiola  littoralis.    Flora,  1863,  p.  81. 

Ieidace^. 

Alefeld.  Ueber  Iris.  Bot.  Zeit.  1864,  p.  245. 
Beenhaedi.  Tigridia  Pavonia.  See  Geneeal. 
Iemisch,  Th.    See  LiliacejE. 

Le  Maout  and  Decaisne,  I.  c.  p.  783,  figure  seed  of  Iris. 

ScHiiEiDEN's  original  drawings  include  germination  of  Ixia. 

ScHRENK,  J.    Germination  of  Iris  versicolor.    Bull.  Torr.  Bot.  Club,  ix.  (1882), 

p.  83  (with  woodcut). 
Yelenovskt.    Germination  of  Iris  sp.    Flora,  1887,  p.  454. 

JuGLANDEiE. 

Blume,  Flora  Javse  (JuglandecB),  figures  fruit  and  embryo  of  Engelhardtia. 
Brussels,  1829. 

Candolle,  C.  de.    M6moire  sur  la  famille  des  Jugland6es.    Ann.  Sci.  Nat. 

s6r.  iv.  t.  xviii.  (1862),  p.  26. 
EioNFELD.    Beitrage  zur  Kenntniss  des  Walnuss  {Juglans  regia,  L.).  E7i^l. 

Bot.  Jahrb.  ix.  (1888),  p.  280. 
Le  Maout  and  Decaisne,  Z.  c.  p.  712,  figure  seed  and  embryo  of  Jtiglans. 
Lubbock,  Sir  J.    On  the  Fruit  and  Seed  of  the  Juglandese.    Joum.  Linn.  Soc. 

(Bot.)  vol.  xxviii.  (1891),  p.  247. 
Schacht.    See  Geneeal. 

JUNCACEiE. 

Buchenau,  F.    Monographia  Juncacearum.    Engl.  Bot.  Jahrb.  xii.  (1890) ; 

Samen,  p.  32  ;  Keimung,  p.  40. 
Le  Maout  and  Decaisne,  I.  c,  figure  seeds  of  Lumla  and  Juncus,  p.  864 ;  and 

Xerotes  rigida,  p.  863. 
Yelenovskt.   Germination  of  Luzula  albida.   Flora,  1887,  p.  458. 
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Coulteri,  pi.  41. 
Chatin,  J.    See  Sceophtjlabine.e. 

Iemisch,  Th.  Die  Keimung,  die  Wachsthums-  und  Erneuerungs-weise  einer 
Eeihe  einheimischer  Arten  aus  der  natiirlichen  Pflanzenf  amilie  der  Labiaten. 
Abh.  Naturf.  Gesell.  Halle,  iii.  (1855),  p.  63. 

  Zur  Naturgeschiehte  v.  Mellittis  Melissophyllum.    Bot.  Zeit.  1858, 

p.  233. 

Le  Maodt  and  Dec.usne,  I.  c,  figure  seeds  of  Lamium,  p.  620,  and  Scutellaria 

(with  embryo),  p.  621. 
Schleiden's  original  drawings  include  germination  of  Nepeta  botryoicles. 
WiNKLEB,  A.    Ueber  die  Jugendzustiinde  der  Mentha  Pulegium,  L.  Abh. 

Naturwiss.  Ver.  Bremen,  v.  p.  552. 
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Batllon,  I.  c.  ii.,  figures  seeds  of  Laurus  nohilis,  p.  439  ;  of  Cassytha,  p.  441 ; 

Gyrocarpus  Jacquinii,  p.  442  ;  and  Illigera  Coryzadenia,  p.  444. 
Le  Maoijt  and  Decaisne,  I.  c.  p.  653,  figure  seed  of  Cassytha. 
Mez,  C.    Morphologische  Studien  fiber  die  Familie  der  Lauraceen.  Verh. 

Bot.  Ver.  Brandenbzirg,  xxix.  (1888),  pp.  2,  27. 

Leguminos^. 
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Siliguastrum,  p.  115. 
Baeleben.    Keimung  von  Phaseolus  multiflorus.   Verh.  Bot.  Ver.  Brandenburg, 

xviii.  (1876),  p.  53. 

Beck,  G.   Vergleichende  Anatomic  d.  Samen  von  Vicia  u.  Ervum.  Sitzungsb. 

Math.-Nat.  CI.  Akad.  Wiss.  Wien,  Ixxvii.,  Abt.  1  (1878),  p.  545. 
BoDCHE.    Zur  Unterscheidung  des  Phaseolus  vulgaris  u.  multiflorus.  Bot. 

Zeit.  1852,  p.  735. 

Beaun.    Keimung  der  Phaseoleen  u.  Vicieen.    Verh.  Bot.  Ver.  Brandenburg, 

xviii.  (1876),  p.  43. 
Buohenau,  F.    Die  Sprossverhaltnisse  von  TJlex.    Flora,  1860,  p.  451. 
Candolle,  A.  P.  DE.    Memoires  sur  la  familie  des  Legumineuses.    Paris,  1825 

(including  germination  of  Anacardium). 
Chalon.  La  graine  des  Legumineuses.  Soc.  Sci.,  Arts,  et  Lettres  du  Hainaut, 

s6r.  iii.  t.  x.    Mons,  1875. 
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.          Bemerkungen  iiber  einige  Pfianzen  der  deutschen  Flora.    Flora,  1855 ; 

Lathyrus,  p.  627. 

Laugner.    Ueber  abnorme  Embryonen  bei  Legurainosen.   Jahresb.  Schles. 
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Tehnatophace,  p.  849 ;  and  seed  of  Wolffia,  p.  840. 
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p.  848;  Colchicum,  Ver atrum  (with  emhr jo),  ani  Tofieldia,  p.  851 ;  Smilax 

aspera,  p.  855 ;  Pmscus,  p.  856  ;  Astelia  spp.  (with  embryo),  p.  858 ;  Aspara- 
gus, p.  859  ;  and  Narthecium  and  Aphyllanthes,  p.  862. 
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MiRBEi:,.  Observations  sur  la  germination  de  I'Oignon  et  de  I'Asperge.  Am,. 

Mus.  Hist.  Nat.  xiii.  (1809),  p.  156. 
Eauweniioff,  W.  G.  Bijdrage  tot  de  Kennis  van  Dractxna  Draco.  Amsterdam, 

1863. 

Sachs,  J.    Ueber  die  Keimung  von  Allium  Cepa.    Bot.  Zeit.  18G3,  pp.  57,  65. 
S.viNT-PiEEBE,  G.  BE.    La  gei;mination  des  esp6ces  du  genre  Tulipa.  Bull. 
Soc.  Bot.  France,  ii.  (1855),  p.  159. 

  See  DiOSCOEEACE/E. 

Schleiden's  original  drawings  include  germination  of  Lilium  pumilum,. 
Aspardgus  officinalis,  Asplwdclus  capillaris,  and  Phormium  tenax. 

Linages. 

BAiLiiON,  I.  c.  V.  p.  43,  figures  seed  of  Linum  usitatissinmim. 
Le  Maotjt  and  Decaisne,  I.  c.  p.  295,  figure  seed  and  embryo  of  Erythroxylon. 
Magnus,  P.    Ueber  Hypoeotyle  Sprosse  bei  Linum  aiost/riacum.    Verh.  BoL 
Ver.  Brandenburg,  xvi.  (1874),  p.  4. 

LOASACEiE. 

Baillon,  I.  c.  viii.  p.  459,  figures  seed  of  Loasa  lateritia. 

Le  Maout  and  Decaisne,  I.  c.  p.  443,  figure  seeds  of  Cajophora  and  Mentzelia. 

LOGANIACEffi. 

Botany  of  tHe  Mexican  Boundary,  pi.  36,  contains  figures  of  seed  and  embryo 

of  Emorya  suaveolens. 
Le  Maout  and  Decaisne,  I.  c.  p.  556,  figure  seed  of  Logania. 

L0EANTHACE«. 

Balansa.    Sur  la  mode  de  vdg^tation  de  VArceuthobiutn  Oxycedri.   Bull.  Soc. 

Bot.  France,  iii.  (1856),  p.  281. 
Chalon,  J.    Eevue  des  Loranthacdes,  p.  61.    Mons,  1870. 
Du  Hasiel.    Diverses  observations  sur  le  Guy.    Hist.  Acad.  Roy.  Sci.  ann. 

1740  (Paris,  1742),  p.  483. 
EicHLER.    Ein  neues  Vorkommen  polykotyledonischer  Embryonen.  Flora, 

1867,  p.  465. 

GujcEiN.    Experiences  sur  la  germination  et  I'implantation  du  Gui.  Berne 

Botan.  (Toulouse),  viii.  (1890),  p.  267. 
GuiiBEL.    Ueber  Viscum  album.    Flora,  1855,  p.  335  ;  ibid.  1856,  p.  433. 
HooiCEE,  J.  D.    Flora  Antarctica,  i.  2.  p.  301  [Myzodendron). 
Kaestbn,  H.    Beitrag  zur  Entwickelungsgeschichte  der  Loranthaceen.  Bot. 

Zeit.  1852,  p.  321. 

Kronfeld,  M,    Zur  Biologie  der  Mistel.    Biol.  Centralb.  vii.  (1887),  p.  449. 
Le  Maout  and  Decaisne,  I.  c,  figure  seed  and  embryo  of  Viscum,  p.  719 ; 

Lorantlms,  p.  720  ;  Myzodendron,  p.  722. 
Schleiden's  original  drawings  include  germination  of  Viscum  etiropcsum  and 

V.  album. 

ScHNAASE.    Ueber  das  Anpflanzen  von  Viscum  album.    Bot.  Zeit.  1851, 
p.  72L 
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Scott,  J.  Untersuchungen  iiber  einige  indische  Loranthus -Avterx  u.  iiber  den 
Parasitismus  v.  Santalum  album.    Bot.  Zeit.  1874,  pp.  29,  45. 

Tkevieantjs,  L.  Ueber  Bau  u.  Entwicklung  der  Eychen  u.  Saamen  der  Mistel. 
Abh.  Math.-Phys.  CI.  Bay.  Akad.  Wiss.  (Munich,  1855),  vii.  p.  151. 

Tdbeuf.  Ueber  das  Schmarotzen  v.  Loranthaceen  auf  den  eigenen  Aesten. 
Bot.  Centralb.  xi.  (1890),  p.  80. 

Ltthbace^. 

CoEBENS,  C.    Ueber  die  Epidermis  der  Samen  von  Cu]^liea  viscosissivia.  Ber. 

Deutsch.  Bot.  Ges.  x.  (1892),  p.  143,  t.  viii. 
Kaesten.    Sonneratia.    See  Acanthaceze. 

Le  Maout  and  Decaisne,  I.  c.  p.  435,  figure  seed  of  Pmicx  Granatum. 

Magnoliace^. 

Baillon,  Z.  c.  i.,  figures  seeds  of  Magnolia  purpurea,  p.  133 ;  Liriodendron 

tulipifera,  p.  140 ;  IlUcium  anisatum,  p.  148. 
Blume,  Flora  Javas  (Magnoliaceffi),  figures  seed  and  embryo  of  Michelia  montana, 

t.  5  ;  Aromadendrum  elegans,  t.  8  ;  and  Talauma  spp.  t.  12.  Brussels,  1829. 
EicHLEE.    Martius,  Flora  Brasil.  xiii.  i.  (Talauma  ovata,  fig.  29),  {Drimys 

Winteri,  fig.  30). 

MALVACEa:. 

Baillon,  Z.  c.  iv.,  figures  seed  of  Hermannia  denudata,  p.  75  ;  and  Hibiscus 
syriacus,  p.  97. 

Le  Maout  and  Decaisne,  I.  c.  p.  279,  figure  seed  and  embryo  of  Malva. 
Lynch,  E.  I.    On  tlie  seed-structure  and  germination  of  Pachira  aquatica. 

Journ.  Linn.  Soc.  (Bot.)  xvii.  (1880),  p.  147,  pi.  viii. 
KoLFS,  P.  H.    The  Seed-coats  of  MalvacesB.    Botan.  Gazette,  xvii.  p.  33,  pi.  iii. 

Bloomington,  Indiana,  1892. 

Melastomace^. 

Baillon,  I.  c.  vii.  3,  figures  seed  of  Melastoma  malabathricum. 

Meliaces;. 

Candolle,  C.  de.    Sur  quelques  cas  d'embryons  velus.    Bull.  Soc.  Bot.  France, 

xxii.  (1875),  p.  229. 
Kaesten,  G.    Carapa.    See  AcANTHACEiE. 

Menispeemace;e  . 

Baillon,  I.  c.  iii.,  figures  seeds  of  Menispermum  dahuricum,  p.  5  ;  Pachygone 
ovata,  p.  8  ;  Anamirta  Cocculus,  p.  15  ;  Cissampelos  Pareira,  p.  18  ;  and 
embryo  of  Tricliaia  subcordata,  p.  9. 

MiEES,  J.    Contributions  to  Botany,  iii.  1864-71. 

MoNOTEOPEiE. 

Le  Maout  and  Decaisne,  I.  c.  p.  518,  figure  seed  and  embryo  of  Hypopitys, 
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Myeisticace^, 

Baillon,  I.  c.  ii.  p.  494,  figures  seed  of  Myristica  fragrans. 
Le  Maout  and  Decaisne,  I.  c.  p.  651,  figure  seed  and  embryo  of  Myristica. 
Mdlleb,  Fb.    Ueber  Keimung  der  Bicuiba.    Ber.  Deutsch.  Bot.  Ges.  v.  (1887), 
p.  468. 

TscHincH.    Ueber  die  Keimungsgeschichte  von  Myristica  fragrans.  Tagebl. 
Versam.  Deutsch.  Naturf.  u.  Aerz.,  Ixxii.  (Heidelberg,  1890),  p.  256. 

Myesine^. 
Zaesten,  JEgiceras.    See  Acanthaceje. 

Le  Maodt  and  Decaisne,  I.  c,  figure  seeds  of  Ardisia  crispa  and  A.  polytoca, 
p.  532  ;  and  Monotheca,  p.  533. 

Myetace^. 

Baillon,  Z.  c.  vi.,  figures  seeds  of  Myrtus  communis,  p.  309  ;  Eugenia  Jambos, 

p.  313  ;  E.  aromaUca,  p.  314. 
Beiosi,  G.    Intorno  d'un  organo  di  alcuni  embrioiii  vegetali.    Mem.  R.  Accad. 

Lincei,  ser.  iii.  vol.  xii.  (Eoma  1882),  p.  215. 
Geiffith,  W.    On  the  Seeds  of  Careya,  Eoxb.    P^vc.  Linn.  Soc.  i.  p.  280 

(1849). 

Iemisch,  Th.    Einige  Beobachtungen  an  Eucalyptus  Globulus,  Lab.  Zeitsch. 

Gesamm.  Naturwiss.  Berlin,  xlviii.  (1876),  p.  1. 
Le  Maout  and  Decaisne,  I.  c,  figure  embryo  of  Couroupita  surinamensis, 

p.  422  ;  seeds  of  Bertholletia  excelsa,  p.  423  ;  and  Napolecrna,  p.  427. 
LiGNiEB,  0.    Becherclies  sur  I'anatomie  des  organes  vdg6tatifs  des  Lecythida- 

cdes.  Bull.  Sci.  France  et  Belg.,  sdr.  iii.  vol.  iii.  (Paris,  1890),  (Germination 

de  GiLstavia  Leopoldi,  cap.  iii.  p.  395). 
Teistan,  Maeqdis  de.    Note  sur  la  germination  du  Bertholletia.  Archiv. 

botan.,  ed.  A.  Guillemin,  ii.  p.  512.    Paris,  1833. 

Naiades. 

BoENET,  E.    Eecherches  sur  le  Phucagrostis  viajor.    Ann.  Sci.  Nat.  s6r.  v.  t.  i. 
(1864),  p.  69. 

Dutailly,  G.    Observations  sur  I'Aponogeton  distachyim.    Assoc.  Frang.  pour 

VAvancement  des  Sciences,  stance  du  21  AoAt,  1875. 
Edgewoeth.    On  Aponogeton  and  the  Allied  Genera.    Lond.  Joicm.  BoL 

(Hooker)  iii.  (1844),  p.  402. 
Geaniee,  Ch.    Eecherches  sur  le  Posidonia  Caulini.    Bull.  Soc.  Bot.  Fr.  vii. 

(1860),  p.  425. 

Geonland,  J.   Beitrag  zur  Kenntniss  der  Zostera  marina,  L.   Bot.  Zeit.  1851, 
p.  185. 

HiEBONYMus,  G.     Ueber  Lilcea  subulata,  H.  B.  K.    Sitzuiigsb.  Ges.  Naturf. 

Freunde  zu  Berlin,  1878,  p.  111. 
Hildebeand,  Fe.    Einige  Beitrjige  zur  Kenntniss  der  Einrichtungen  fiir  Bestau- 

bung  u.  Samenverbreitung.  Flora,  1881.  Aponogeton  distachyum,  p.  502. 
HoFjffiisTEE,  W.    Zur  Entwickelungsgeschichte  der  Zostc^-a.    Bot.  Zeit.  1852, 

pp.  121, 137, 157. 
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lEMiscH,  Th.    Ueber  die  Inflorescenzen  der  deutschen  Potameen.    Flora,  1851, 
p.  83,  note. 

  Ueber  einige  Arten  aus  der  naturlichen  Pflanzenfamilie  der  Potameen. 

Ahh.  Naturiv.  Ver.  filr  Prov.  Sachsen  u.  ThUringen  in  Halle,  ii.  Berlin, 


1858. 


Flora,  xlviii.  (1865),  tab.  i.  (germinating  seedling  of  Naias  major  com- 
pared with  Stratiotes  aloides). 

Bemerkungen  iiber  die  Keimpflanzen    einiger  Potamogeton^Mten. 


Zeitsch.  Qesammt.  Naturwiss.  li.  (Berlin,  1878),  p.  203. 

JUSSIEU.     See  GENERAi. 

Le  Maout  and  Decaisne,  I.  c,  figure  seed  and  embryo  of  Triglochin  and  Lilcea, 

and  embryo  of  Scheuchzeria,  p.  803  ;  also  of  Potamogeton  crispus,  p.  805  ; 

germination  of  Aponogeton  distachyum,  p.  806  ;  seed  and  embryo  of  Naias, 

pp.  808,  809  ;  and  Zostera,  p.  810. 
Magnus,  P.   Beitrage  zur  Kenntniss  der  Gattung  Naias.   Berlin,  1870- 
Planchon.    Ann.  Sci.  Nat.  ser.  iii.  t.  i.  (1844),  p.  107,  pi.  9. 
Saint-Pibhbe,  G.  de.    Sur  la  germination  et  la  mode  de  d6veloppement  du 

Posidonia  Caulini.    Bull.  Soc.  Bat.  Fr.  iv.  (1857),  p.  575. 
  Sur  la  germination  et  de  la  mode  de  d6veloppement  de  V Aponogeton 

distachyum.    Ibid.  p.  577. 
Schleidbn's  original  drawings  include  germination  and  seedling  of  Aponogeton 

distachyum. 
TiTTMANN,  J.  A.    See  Geneeai;. 

Waeming,  E.    Scheuchzeria  palustris,  L.    Bot.  Tids.  Kjoben.,  1876-77,  p.  100. 
WiLLE.    Om  Kimens  Udviklingshistoire  lios  Buppia  rostellata  og  Zannichellia 
pahistris.    Vidensk.  Meddel.  fra  den.  Naturh.  For.    Copenhagen,  1882. 

Nepenthace^. 

KoBTHAis,  P.  W.,  figures  seed,  embryo,  and  germination  of  Nepenthes.  Botan. 

Nederl.  Overz.  Bezitt.  tab.  iv.  Leiden,  1839-42. 
Le  Maout  AND  Decaisne,  I.  c.  p.  704,  figure  seed  and  germination  of  Nepenthes. 


NTCTAGINBffi. 

Baillon,  I.  c.  iv.  pp.  3,  4,  figures  seed  of  Mirabilis  Jalapa. 

Botany  of  the  Mexican  Boundary.      cleisanthes  longiflora,  pi.  46  ;  and  Selino- 

carpus  angustifolia,  pi.  47. 
Finger,  Fe.    Anatomie  u.  Entwickelungs.  v.  Mirabilis  Jalapa.  Sitzungsb. 

Niedersheim.  Ges.  Natur-.  u.  Heil-kunde,  Bonn,  Aug.  4,  1873,  p.  199. 
Irmisch,  Th.    Mirabilis  longiflora.    Abh.  Naturf.  Ges.  Halle,  ii.  (1854),  p.  57, 

taf.  iv. 

Le  Maout  and  Decaisne,  I.  c.  p.  626,  figure  seed  of  Vieillardia. 
Oeested.    Zur  Beleuchtung  der  Blumen  des  brasilianischen  Theestrauches, 
Neea  theifera.    Bot.  Zeit.  1869,  p.  217. 


Nymph/eacbte. 

Abcangeli,  G.    Sulla  struttura  dei  semi  della  Nyinphaa  alba.    Bull.  Soc. 

Bot.  Ital.  xxi.  (1890),  p.  122.    Do.  Nuphar  luteum.    Ibid.  p.  138. 
Baillon,  I.  c.  vol.  iii.,  figures  seeds  of  Nuphar  luteum,  p.  82 ;  Nyviphcea  alba, 

p.  85  ;  and  Euryale  ferox,  p.  86. 
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Baethelemy,  a.    Du  cl6veloppemeiit  de  I'embryon  dans  Nelumbium  speciosun 

et  de  sa  germination.    Bev.  Sci.  Nat.,  r&H.  par  Dubreuil,  1876  (not  seen). 
Caspaey,  E.    In  Martins,  Flora  Brasil.  iv.  2,  figures  seeds  and  embryos  of 

Nyniph(Ba,  Cabomba,  and  Victoria. 
Hegelmaiee,  p.    Ueber  ein  Fall  von  abnormer  Keimentwickelung  (Nuphar), 

Jahresb.  Ver.  Vaterl.  Naturk.  Wilrtemhurg,  Jahrg.  46  (Stuttgart,  1890), 

p.  88. 

Le  Maout  and  Dbcaisne,  I.  c,  figure  seed  of  Cabomba,  p.  209 ;  and  seed  and 

embryo  of  Nelumbium,  p.  211. 
Schleiden's  original  drawings  include  germination  of  Victoria  Begia  and  Nym- 

phcea  alba. 
TiTTMANN,  J.  A.    See  Geneeal. 

Teecul,  a.    Eecherches  sur  la  structure  et  le  d6veloppement  du  Nuphar 

luteurn.    Ann.  Sci.  Nat.  s6r.  iii.  t.  iv.  (1845),  p.  331. 
  Etudes  anatomiques  sur  la  Victoria  Begia.    Ann.  Sci.  Nat.  s6r.  iv. 

t.  i.  (1854),  p.  145.    See  also  Btill.  Sac.  Bat.  Fr.  i.  (1854),  p.  18. 
Teevieands,  L.    Observationes  circa  germinationem  in  Nymphcea  et  Euryale. 

Abh.  Math.-Phys.  CI.  Bay.  Akad.  Wiss.  v.  (1850),  p.  395,  tab.  xiii. 
WiGAND.    Nelumbium  speciosum.    Bat.  Zeit.  1871,  p.  813. 
  AND  Denneet.    Nelumbium  speciosum,  W.    Eine  monographische  Studie. 

Biblioth.  Botan.  Heft  ii.  (1888),  Cassel. 

Oleace^. 

Le  Maout  and  Dbcaisne,  I.  c,  figure  seeds  of  Jasminum  (with  embryo),  p.  544 ; 

Syringa,  p.  545  ;  Fraxinus  and  Olea,  p.  546. 
Pieotxa,  E.    SuUa  struttura  del  seme  deUe  Oleacece.  Annuar.Istit.Bot.Boma, 

i.  (1884). 

ONAGEAEIEa;, 

Babneoud.    Memoire  sur  I'anatomie  et  I'organogdnie  du  Trapa  nutans.  Ann. 

Sci.  Nat.  s6r.  iii.  t.  ix.  (1848),  p.  222. 
Le  Maout  and  Decaisne,  I.  c.  p.  440,  figure  seed  and  embryo  of  Trapa. 
Schleiden's  original  drawings  include  embryo  of  Lopezia  racemosa. 
TiTTMANN,  J.  A.    Ueber  die  Wassernuss  Trapa  natans  u.  die  Entwickelung  des 

Embryo  derselben.    Flora,  1818,  p.  593. 
Waeming,  E.    Circcea  (germination).    Bot.  Tids.  Kjoben.  x.  (1877-79),  p.  87. 
WiTTEocK,  V.  B.    Nagra  Bidrag  till  Kiinnedomen  om  Trapa  natans,  L.  Bot. 

Notis.  1887,  p.  210. 

  Einige  Beitrage  zur  Kenntniss  der  Trapa  natans,  L.    Bot.  Cmtralb. 

xxxi.  (1887),  p.  352. 

OEr-IIDACE^. 

Beee,  J.  G.    Beitrage  zur  Morpliologie  u.  Biologic  der  Familie  der  Orchideen. 
Vienna,  1863. 

Fabeb,  J.  M.    Sur  la  germination  des  Ophryddes  et  de  la  nature  de  leurs  tnber- 

cules.    Ann.  Sci.  Nat.  s^r.  iv.  t.  v.  (1856),  p.  163. 
Iemisch,  Th.   Beitrage  zur  Biologie  u.  Morphologic  der  Orchideen,  Leipzig, 

1853. 

  Einige  Beobachtungen  an  einheunischen  Orchideen.    Flora,  1854,  p.  513. 
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Le  Maout  and  Decaisne,  I.  c,  figure  seed.of  Orchis,  p.  769 ;  also  germination 
.    of  Pleiirothallis,  p.  771,  and  Miltmiia,  p.  772. 

MiEES,  J.  PleurotlialUs  pectinata,  seed  and  embryo.    Trans.  L%nn.  Soc.  (Bot.), 

xvui.  (1841),  t.  37.  ,       ^  AM 

Myles,  T.    Disa  grandiflora,  seedlings.    Oard.  Chron.  xvii.  (1882),  p.  402, 

fig.  62. 

Pfitzeb,  E.  Zur  Embryo-entwickelung  u.  Keimung  der  OrcMdeen.  Verh. 
NaUirh.  Med.  Ver.  Heidelberg,  ii.  (1877). 

  Grundziige  einer  vergleiehenden  Morphologie  der  Orchideen.  Heidel- 
berg, 1882. 

Prillieux  et  Exviebe.  Observations  sur  la  germination  et  le  developpement. 
d'une  Orchid6e  {AngrcBciim  maciilatinn).  Ann.  Sci.  Nat.  ser.  iv.  t.  v. 
(1856),  p.  119. 

  Observations  sur  la  germination  du  Miltonia  spectabilis  et  de  diverses. 

autres  Orchidees.    Ibid.  t.  xiii.  (1860),  p.  288. 
Eeinke.    Zur  Kenntnis  des  Bhizoms  von  Corallorhiza  u.  Epipogon.  Flora, 

1873,  pp.  145,  161,  177,  209. 

OBOBANCHEffi. 

Bowman.  On  the  Parasitical  Connection  of  Lathrea  squamaria  and  the  peculiar 
structure  of  its  subterranean  leaves.  Trans.  Linn.  Soc.  (Bot.),  xvi.  (1829), 
p.  400. 

Caspaby,  E.   TJeber  Samen,  Keimung  etc.  der  Species  u.  Niihrpflanzen  der 

Orobanchen.    Flora,  1854,  p.  577. 
lEinscH,  Th.    Bemerkungen  iiber  einige  Pfianzen  der  deutschen  Flora.  Flora, 

1855,  p.  637  (Lathrea). 
Koch,  L.    Ueber  die  Entwickelung  des  Samens  der  Orobanchen.  Pringsh. 
Jahrb.  xi.  (1878),  p.  218. 

.  .  Untersuchungen  fiber  die  Entwickelung  der  Orobanche.    Ber.  Deutsch. 

Bot.  Ges.  i.  (1883),  p.  188. 

Die  Entwickelungsgeschichte  der  Orobancheen.    Heidelberg,  1887. 


Le  Maout  and  Decaisne,  I.  c.  p.  592,  figure  seed  of  Orobanche 
Vauchee.    Monographie  des  Orobanches.    Geneva  and  Paris,  1827. 

Palm^. 

Blume,  Rumphia,  1835-48  :  ii.  seedlings  of  Corijpha  Gebanga,  t.  98  ;  Pinanga 
javana,  t.  110 ;  iii.  fruit  and  germination  of  Nipa  fruticans,  t.  165. 

Clos,  D.  Eemarques  sur  la  germination  du  Cocotier.  Bull.  Soc.  Bot.  Fr.  viii. 
(1861),  p.  294. 

Denteeghem,  0.    Les  Palmiers.    Paris,  1878.    Seed  and  germination,  cap.  ix. 
Dixon.    Germination  of  Phoenix  dactylifera.    Bull.  Sci.  Lab.  Denison  Uni- 
versity, V. 

Gaudichaud.    Phytelephas  and  Nipa.    See  Geneeal. 

Jessen.    Die  Keimung  der  Cocosnuss.    Sitzungsb.  Ges.  Naturf.  Fr.  Berlin, 

1878,  p.  125. 
Kabsten,  G.    Nipa  fruticans.    See  Acanthace^e. 

 Flora  Columb.  contains  figures  of  seed  and  germination. 

Le  Maout  and  Decaisne,  I.  c,  figure  seeds  of  Cocos  nucifera  aniAreca  Catechu, 

p.  814 ;  Cucifera  (Hyphane)  thebaica  and  Chamatrops,  p.  815  ;  and  seed 

and  embryo  of  the  Date,  p.  816. 
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Lodoicea  Seychellarum,  germination.    Gard.  Chrm.  viii.  (1890),  p.  417. 
MoHL,  H.  VON.    '  De  palmarum  structura,'  in  Mart.  Hist.  Nat.  Palm.  vol.  i.  1831. 
  Fhonnix  dactylifera,  L.  Bot.  Centralb.yiu.  (1881),  p.  386,  tab.  i.  Lithe- 

graphs  of  two  seedlings,  with  explanation. 
EuMPHius.    Herbarium  amboinense,  pars  i.  Amstelodami,  1741.  (Germination 

of  Coco-nut,  tab.  ii.) 
•Sachs,  J.    Zur  Keimungsgeschichte  der  Battel.    Bot.  Zeit.  1862,  pp.  241,  249. 
  Ueber  die  Keimung  der  Cocospalme.    Sitzungsb.  Phys.-Med.  Ges.  Wilrz- 

hurg,  1886,  p.  20. 

ScHiiEiDEN's  original  drawings  include  germination  of  PJicenix  dactylifera, 
-Schmidt.  Der  Keimungsprocess  bei  der  Dumpalme  (illustrated).  Bot.  Centralb. 
1880,  p.  1662. 

  Ueber  den  Hergang  der  Keimung  bei  Phcemx  dactylifera,li.  (illustrated). 

Bot.  Centralb.  viii.  (1881),  p.  386. 

Pandanacb^. 

Gaudichattd.    See  General. 

Le  Maout  and  Decaisne,  I.  c.  p.  823,  figure  seed  and  embryo  of  Pandaiius. 
Solms-Laubach.    Ueber  den  Bau  von  Bliithe  u.  Frucht  in  der  Pamilie  der  Pan- 
daneen.    Bot.  Zeit.  1878,  pp.  321,  337,  353. 

PAPAVEEACBa;. 

Baillon,  I.  c.  iii.,  figures  seeds  of  Papaver  soinniferum,  p.  108 ;  CJielidonium 

■majus,  p.  116 ;  and  Fumaria  officinalis,  p.  126. 
Beenhaedi.    Ueber  den  Charakter  u.  die  Verwandschaft  der  Papaveraceen  u. 

Fumariaceen.    Linnaa,  viii.  (1833),  p.  433. 
BiscHOFF,  G.  W.   Beobachtungen  iiber  die  eigenheimlichen  Gang  des  Keimens 

u.  der  Entwickelung  der  KnoUen  bei  Corydalis-Arten.   Zeitsch.  Physiol,  iv. 

(1831),  p.  146. 

BxJCHENAu,  P.  Bemerkungen  fiber  die  Wachsthumsweise  der  Corydalis  clavicu- 

lata.    Bot.  Zeit.  1861,  p.  321. 
-Ibmisch,  Th.  (Ueber  einige  Fumariaceen)  describes  and  figures  germination  of 

Corydalis  fabacea,  C.  cava,  C.  nobilis,  Eucapnos  fonmsus,  Cap7iorchis 

spectabilis,  and  C.  cucullaria.  Abh.  Naturf.  Ges.  Halle,  vi.  (1862),  p.  195. 
  Ueber  Papaver  trilobum,  Wallr.    Ein  Beitrag  zur  Naturgeschichte  der 

Gattung  Papaver.    Ibid.  ix.  (1866),  p.  113. 
Le  Maodt  and  Decaisne,  I.  c,  figure  seeds  of  Glaucium  and  Mecoiwpsis,  p.  215 ; 

Bcemeria,  p.  216 ;  Hypecoum,  p.  218  ;  Corydalis,  p.  219  ;  and  Ceratocapnos, 

p.  220. 

MicHALOwsKi,  J.    Beitrag   zur  Anatomic  u.  Entwickelungsgeschichte  von 
Papaver  somniferuni,  L.   Laaug.  Diss.  pt.  i.   Breslau,  1881. 

Passiflore/E. 

Baillon,  I.  c.  viii.,  figures  seeds  of  Passiflora  carulea,  p.  471 ;  Acliaria  tragioides, 
p.  477  ;  and  Malesherbia  rugosa,  p.  480. 

PEDALINE2E. 

Le  Maout  and  Decaisne,  I.  c.  p.  608,  figure  seed  and  embryo  of  Sesamum. 
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PHILYDEACBa;. 

ScmEiDEN's  original  drawings  include  seed  and  germination  of  PMlydmm 
lanuginosum. 

Phytolaccacb^. 

Baillon,  I.  c.  iv.,  figures  seeds  of  Phytolacca  dexandra,  p.  24 ;  Livieum 
africanmn,  p.  29  ;  Bivina  humulis,  p.  34  ;  Admogramma  galioides,  p.  39  ; 
and  Thelygonum  Cynocrambe,  p.  40. 

PlPEEACE^. 

Baillon,  I.  c.  iii.  p.  469,  figures  seed  of  Piper  nigrum. 

Le  Maout  and  Decaisne,  I.  c,  figure  seeds  of  Peperomia,  p.  729  Piper  Cubeba 
and  Zippelia,  p.  730  ;  and  Saururus,  p.  733. 

PiTTOSPOEEffi. 

Le  Maodt  and  Decaisne,  I.  c.  p.  248,  figure  seed  of  Pittosporum  undulatum. 

Plantagine^e. 

BucHENAU,  P.  Zur  Naturgeschielite  der  Littorella  lacustris.  Flora,  1859,  p.  81. 
Lb  Maout  and  Decaisne,  I.  c,  figure  seed  of  Plantago  major,  p.  623  ;  and  seed,, 
embryo  and  germination  of  Littorella,  p.  624. 

Platanaces;. 

Baillon,  I.  c.  iii.  p.  398,  figures  seed  of  Platanus  vulgaris. 

Plumbagines;. 

Le  Maout  and  Decaisne,  I.  c.  p.  526,  figure  seed  of  Plumbago. 

PoDOSTEMACEa;. 

Waeming,  E.    Studien  fiber  die  Familie  der  Podostemaceffi.  Engl.  Bot.  Jahrb. 
iv.  (1883),  p.  217. 

.          Familien  Podostemaceffi.    K.  Danske  Vidensk.  Selsh.  Shrift.,  Erokke  vi. 

Bd.  ii.  pp.  1,  77. 

POLEMONIACE^. 

Le  Maout  and  Decaisne,  I.  c.  p.  564,  figure  seed  of  Polemonium. 

POLTGALACEffi. 

Baillon,  I.  c.  v.  p.  74,  figures  seed  of  Muraltia  Heisteria. 

Botany  of  the  Mexican  Boundary,  pi.  13,  contains  figure  of  seed  of  Krameria. 

Le  Maout  and  Decaisne,  I.  c.  p.  249,  figure  seeds  of  Polygala  and  Krameria. 

POLYGONACEaS. 


Campdeea.    Monographie  des  Bumex.   Parjs,  1819,  tab.  iii. 

Iemisch,  Th.    Ueber  Polygommi  amphibiwn.    Bot.  Zeit.  1861,  p.  105. 
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Le  Maout  and  Decaisne,  I.  c.  p.  631,  figure  seed  of  Rumex. 

LiNDAU,  G.    Zur  Entwiokelungsgeschichte  einiger  Samen  (RJianinus  catJuirlica 

fincl  Coccoloba  populifoUa).    Ber.  Deut.  Bot.  Ges.  ix.  (1891),  274. 
Meisnee,  C.  F.    Monographia  generis  Polygoni.    Geneva,  1826. 
"WicHUEA.    Pohjgomim  Bistorta  (Keimling).    Jalvresb.  Schles.  Oesell.  vaterl. 

Kult.  xxxii.  (1854),  p.  76. 

  Ueber  Keimung  von  Polygonum  Bistorta.    Flora,  1856,  p.  269. 

WiNKLEE,  A.    Ueber  die  Keimblatter  der  deutschen  Dicotylen  (Polygonum 

Bistorta).    Verh.  Bot.  Ver.  Brandenburg,  xvi.  (1874),  p.  6. 

PONTEDEBIACEa;. 

Le  Maout  and  Decaisne,  I.  c.  p.  866,  figure  seed  and  embryo  of  Pontederia. 

PoETTJLACBffl. 

Le  Maout  and  Decaisne,  I.  c.  p.  259,  figure  seed  of  Portulaca. 

PEIMULACEffi. 

Beenhaedi.    Dodecatheon  Meadia.    See  Geneeal. 

DuBY.    M6inoire  sur  la  famille  des  Primulacdes.    Soc.  Pliys.  et  Hist.  Natur. 

Geneva,  1844,  p.  408. 
Geessnee,  H.     Zur  Keimungsgeschichte  von  Cyclamen.     Bot.  Zeit.  1874, 

pp.  801,  817,  831. 
Iemisch,  Th.    Ueber  Lysimachia  vulgaris.    Bot.  Zeit.  1861,  p.  113. 
Kieschleoee.    Notices  sur  les  modes  de  germination,  etc.  de  Glaux  maritima. 

Bull.  Soc.  Bot.  Fr,  xii.  (1865),  p.  262. 
Le  Maout  and  Decaisne,  I.  c,  figure  seeds  of  Cyclamen,  p.  529 ;  and  Anagallis 

arvensis,  p.  630. 

MijLLEE,  E.    Ueber  die  Gattung  Cyclamen.    Sitzungsb.  Naturw.  Ges.  Isis  in 

Dresden,  Jahrg.  1871,  p.  18  ;  and  Jahrg.  1872,  p.  20. 
Pax.    Monographische  Uebersicht  iiber  die  Arten  der  Gattung  Primula. 

Engl.  Bot.  Jahrb.  x.  (1889),  p.  90. 
Seidel,  C.  p.    Ueber  die  Keimung  von  Cyclamen.    Sitzungsb.  der  Natuno. 

Ges.  Isis  in  Dresden,  Jahrg.  1871,  p.  18  ;  and  Jahrg.  1872,  p.  21. 
Waeming,  E.    Cm  nogle  Primulaceer  {Trientalis  europcea  and  Primula  elatior)^ 

Bot.  Tids.  Kjobenh.  x.  (1877-79),  p.  63. 
WiNKLEE,  A.    Notiz,  Noch  ein  Wort  iiber  Cyclamen.    Bot.  Zeit.  1875,  p.  486. 


Proteace^. 

Le  Maout  and  Decaisne,  I.  c,  figure  seed  and  embryo  of  Banksia  and  Stcno- 

carpus,  p.  662  ;  and  embryo  of  Grevillea,  p.  663. 
MijLLEE,  F.  VON.    Plurality  of  Cotyledons  in  the  genus  Persoonia.    New  Zeal 

Journ.  Sci.  i.  p.  115. 

EANUNCULACEa:. 

AsKENASY.  Ueber  den  Einfluss  des  Wachsthurasmediums  auf  die  Gestalt  der 
Pflanzen.  Bot.  Zeit.  1870,  pp.  194-235,  tt.  iii.  iv.  (Figures  seedlings  of 
Banxmculus  aquatilis  grown  in  water  and  on  land.) 
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Bahlon,  I.  c.  i.,  .figures  seeds  of  Aquilegia  vulgaris,  p.  5 ;  Caltha  paliistris, 
p.  22;  Delphinium  Staphysagria,  p.  30;  Bammcuhis  arvensis,  34; 

Thalictrum  datum,  p.  55  ;  and  Actasa  spicata,  p.  58. 
  Sur  I'embryon  et  la  germination  des  graines  de  I'Eranthis  hiemalis. 

Bull.  Soc.  Linn.  Paris,  1874,  p.  14. 
Beknhabdi.    Delphinium  fissum,  Pceonia  anomala.    See  Genebal. 
BmiA.    Histoire  naturelle  et  m6dicale  des  Eenoneules.    Montpellier,  1811. 
BoNNiEE,  G.    Observations  sur  les  Eenonculac6es  de  la  Flore  de  France.  Bev. 

Gin.  Bot.  i.  (Paris,  1889),  pp.  830,  439,  551,  631. 
DncHAETBE,  P.  E.  Quelques  mots  sur  la  germination  de  Delphinium  nudicaule. 

Bull.  Soc.  Bot.  Fr.  xix.  (1872),  p.  183. 
Ikmisch,  Th.  Beitrage  zur  vergl.  Morph.  der  Pflanzen  :  Banunculus  Ficaria,  L. 

(seedling,  &e.).    Abh.  Naturf.  Ges.  zu  Halle,  ii.  (1854),  p.  31,  tt.  1,  2. 
  Ueber  einige  Eanunculaceen.    Bot.  Zeit.  1856,  pp.  1,  17  ;  1857,  pp.  81 , 

97  ;  1860,  p.  221,  taf.  vii.;  1865,  pp.  29,  37,  45. 
 Einige  Bemerkungen  iiber  Aconitum  Anthora.     Abh.  Naturw.  Ver. 

Bremen,  iii.  (1873),  p.  365. 
Jacobasch.     Nigella  damascena,  L.,  mit  verwachsenen  Kotyledonen.  Verh. 

Bot.  Ver.  Brandenburg,  xxviii.  (1886),  p.  38. 
Janczewski,  E.  de.    Germination  de  V Anemone  apennina,  L.    Compt.  Bend. 

(Paris,  1888),  p.  1544. 
  Etudes  morphologiques  sur  le  genre  Anemone,  L.  (avec  planches). 

Bev.  Gin.  Botan.  iv.  (Paris,  1892).    Germination,  p.  289^. 
Le  Maotjt  and  Decaisne,  I.  c,  figure  seeds  of  Aconite,  p.  112  ;  Anemone,  p.  175  ; 

Adonis  and  Myosurus,  p.  176  ;  Caltha,  p.  179  ;  Trollius,  p.  180  ;  Eranthis, 

p.  181 ;  Nigella,  p.  182  ;  Garidclla,  p.  183  ;  and  Pceonia,  p.  187. 
Lund,  S.   Ueber  Batrachium  heterophyllum.  Bot.  Tids.  Kjoben.  v.  (1872),  p.  5. 
MiEBEL.    Observations  anatomiques  et  physiologiques  sur  le  Nelumbo  nucifera. 

Ann.  Mus.  Hist.  Nat.  xiii.  (1809),  p.  465. 
PoiTEAu,  A.    See  Gbamine.^. 

Seeba,  C.  de.    Sur  la  germination  du  Nelumbo.    Ann.  Mus.  Hist.  Nat.  xiv. 
(1809),  p.  74. 

TiEGHEM,  Van.    Observations  sur  la  Ficaire.  Ann.  Sci.  Nat.  s6r.  v.  t.  v.  (1860), 
p.  88. 

WicHUEA.   XJeber  die  Keimung  der  Anemonen.    Jahresb.  Schles.  Gesell.  vaterl. 

Kult.  xxxiii.  (1855),  p.  90. 
WiNKLEE,  A.   Die  Keimpflanzen  des  Isopyrum  thalictroides.  Flora,  1884,  p.  195. 
  Die  Keimpflanzen  der  Koch'schen  Clematis- Arten.     Verh.  Bot.  Ver. 

Brandenburg,  xxix.  (1887),  p.  37. 

EeSEDACE2E. 

Baillon,  I.  c.  iii.,  figures  seeds  of  Asirocarpus  canescens,,  p.  294,  and  Bcseda 
lutea,  p.  295. 

EESTIACB^aD. 

Lb  Maout  AND  Decaisne,  I.  c.  p.  874,  figure  seed  and  embryo  of  Bestio. 

Ehamnb^. 

Ibmisch,  Th.   Bemerkungen  fiber  einige  Pflanzen  der  deutschen  Flora,  Flora, 
1855,  p.  625  (Bhamnus). 
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Le  Maout  and  Decaisne,  I.  c.  p.  347,  figure  seed  of  Rliamnus. 
LiNDAu.   See  Polygonaoe/e. 

Ehizophoeace;e. 

Eggees,  H.  F.     Ehizojphora  Mangle,  L.     Vidensk.  Meddel.  Kjobenliavn, 
1877-78,  p.  177. 

Jacquin,  N.  J.    Selectarum  stirpium  americanarum  historia,  1763.  (Germina- 
tion of  Rhizopliora  Mangle,  tab.  132). 
Kaesten.    See  Acanthace;e. 

Petit-Thouaes,  a.  de.    Notice  sur  le  Manglier.   Desvaux,  Journ.  de  Botan. 

ii.  (Paris,  1813),  p.  27. 
Waeming,  E.    Om  Bhizophora  Mangle.    Botan.  Notiser,  1877,  p.  14. 
  Tropische  Fragmente  {BMzophora  Mangle,  L.).    Engl.  Bot.  Jahrb.  iv. 

(1883),  p.  519. 

EoSACEffl. 

AscHEESON,  P.    Ueber  die  Keimung  von  Neurada  procumhens.    Verh.  Bot. 

Ver.  Brandenburg,  xix.  (1877),  p.  42. 
Iemisch,  Th.    Ueber  Comarum  palustre.    Bot.  Zeit.  1861,  p.  114. 
Le  Maout  and  Decaisne,  Z.  c,  figure  seeds  of  Cherry,  p.  5 ;  Mespilus,  Cra- 

tcegus,  and  Aronia,  p.  376 ;  Cotoneaster,  p.  377  ;  Sanguisorba  and  Agrimonia, 

p.  378 ;  Poterium,  p.  379 ;  Bubiis,  p.  381 ;  Goniarum  and  Geum,  p.  382 ; 

Peach,  p. 384  ;  and  Ahnond,  p.  385. 
Sachs,  J.    Germination  and  Seedling  of  Prunus  Cerasus  and  Amygdahis  com- 

mttnis.    Bot.  Zeit.  1859,  p.  185,  taf.  iv. 
TscHiEESKE,  P.    Beitrage  zur  vergleichenden  Anatomic  u.  Entwickelungs- 

geschichte  einiger  Dryadeenfriichte.    Inaug.  diss.    Halle,  1887. 

EuBIACE^. 

Baillon,  I.  c.  vii.,  figures  seeds  of  Bubia  tinctonm,  p.  258 ;  Genipa  {Gardenia) 

Thunbergia,  p.  308 ;  Oldenlandia  Dejjpeana,  p.  324 ;  Cincliona  Calisaya, 

p.  339 ;  and  CeplialantJms  occidentalis,  p.  349. 
Beewick,  T.    Observations  on  Glands  in  the  Cotyledons  of  Galium  Aparine. 

Trans.  Bot.  Soc.  Edinb.  xviii.  (1891),  p.  436. 
Decaisne,  J.    Eecherches  anatomiques  et  physiologiques  sur  la  Garance, 

suivies  de  I'examen  botanique  du  genre  Bubia.    Brux.  M6m.  Couronn.  xii. 

1837. 

Le  Maout  and  Decaisne,  Z.  c,  figure  seeds  of  Galium  and  Coffea,  p.  483  ;  and 

Leptodermis  (with  embryo),  p.  484. 
Maechand,  L.    Eecherches  organographiques  et  organog6niques  sur  le  Coffea 

arabica,  L.   Diss.   Paris,  1864. 

EOTACE^i 

Baillon,  Z.  c.  iv.,  figures  seeds  of  Buta  graveolens,  p.  381;  Zantlwxyltim 
fraxineum,  p.  397;  Citrus  Aurantium  (embryo),  p.  409;  and  Peganum 
Harmala,  p.  426. 

Le  Maout  and  Decaisne.  I.  c,  figure  seed  and  germination  of  Orange,  pp.  Ill, 
319  ;  and  seed  of  Diosma  tenuifolia,  p.  321. 
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SALICINEffi. 

Bbaun,  a.  Ueber  die  Keimblatter  der  Salix  longifolia.  Flora,  1868,  p.  494. 
Le  Maodt  and  Decaisne,  I.  c.  p.  686,  figure  seed  and  embryo  of  SaUx. 


SAKTAIiACEiB. 

Ibmisch,  Th.    Keimpflanzen  v.  Thesium  inontanum.    Flora,  1853,  p.  522. 
Le  Maotjt  and  Decaisne,  I.  c,  figure  seeds  of  Santalum,  p.  723 ;  and  Thesium, 
p.  724. 

SAPINDACEiE. 

Baillon,  I.  c.  v.,  figures  seeds  of  Triceros  japonica,  p.  343 ;  Sapindus  Sapon- 
aria,  p.  349  ;  Nephelium  Litchi,  p.  350 ;  N.  capense,  p.  351 ;  Alectryon 
excelsuni,  p.  354;  Paullinia  sorbilis,  p.  361;  Koelreuteria  paniculata, 
p.  363 ;  Cossignia  borboiiica,  p.  365 ;  Magonia  pubescens,  p.  367  ;  and 
Msciilus  Hippocastanum,  p.  368. 

Febmond.  Note  sur  la  germination  du  Sapindiis  divaricatus.  Bull.  Soc.  Bot. 
Fr.  vii.  (1860),  p.  494. 

Jtjssieu.    Acer  Negundo  (seedling).    See  General. 

Legeb,  L.-J.    Note  sur  des  germinations  anormales  d' Acer  platanoides.  Bull. 

Soc.  Linn.  Normandie,  ser.  iv.  t.  iii.  (Caen,  1890),  p.  199,  pi.  iii. 
Le  Maodt  and  Decaisne,  I.  c,  figure  seeds  of  Staphylea,  p.  345  ;  Koelreuteria, 

p.  351 ;  Acer  (with  embryo),  p.  355  ;  and  Melianthus,  p.  358. 
Magnus,  P.    4ce?--Keimlinge  mit  verwaclisenen  Keimblattern.    Verh.  Bot.  Ver. 

Brandenb.  xviii.  (1876),  p.  73. 
Uloth,  W.    Ueber  Keimung  v.  Acer  platanoides  u.  Triticum  violgare  im 

Eiskeller.    Flora,  1871,  p.  185. 

Sapotace^. 

Le  Maout  and  Decaisne,  I.  c.  p.  535,  figure  seed  of  Achras  Sapota. 

SAEEACENIACEiE. 

Le  Maout  and  Decaisne,  I.  c.  p.  213,  figure  seeds  of  Sarracerda  and  Dar- 

lingtonia  (with  embryo). 
Schleiden's  original  drawings  include  germination  of  Sa?racenia  purpurea. 


Saxieeagace^. 

Batllon,  Z.  c.  iii.,  figures  seeds  of  Saxifraga  tridactylites,  p.  328 ;  Philadelphus 

coronarius,  p.  346  ;  and  Bibes  rubrum,  p.  366. 
Caspabt,  E.    Bulliarda  aguatica.    Schrift.  Phys.-ok.   Gesell.  Konigsberg,  i. 

(1860) ;  Abhandl.  p.  66. 
Ibmisch,  Th.    Keimpflanzen  v.  Saxifraga  granulata.    Flora,  1853,  p.  524. 
Lb  Maout  and  Decaisne,  I.  c,  figure  seeds  of  Gooseberry,  p.  108 ;  Gunonia 

(with  embryo)  and  Weinmannia,  p.  391 ;  Hydrangea,  p.  392  ;  Escallonia, 

p.  393  ;  Philadelphus,  p.  395  ;  and  Francoa,  p.  402. 


Scitamine/e. 

Gbis,  a.    Observations  sur  la  fleur  des  Marant^es.  Ann.  Sci.  Nat.  s6r.  iv.  t.  xii. 
(1859),  p.  212. 
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Le  Maotit  and  Deoaisnb,  I.  c,  figure  seed  and  embryo  of  Ganna,  p.  757  ;  Thalia, 

p.  758 ;  Amonium  and  Benealmia,  p.  761 ;  Urania  gmanensis,  pp.  763, 

764  ;  and  Eavenala  madagascariensis,  p.  764. 
Sohleiden's  original  drawings  include  seed  and  germination  of  Maranta  hitea 

and  sections  of  seed  of  M.  gibha. 
TscHiKcn.    Die  Saugorgane  der  Scitamineen-Samen.    Mitth.  Math.  u.  Natwr- 

wiss.  Sitz.  Preuss.  Akad.  Wiss.  Berlin,  1890,  Heft  ii. 
WiTTMACK,  L.  Musa  Enscte  :  ein  Beitrag  zur  Kenntniss  der  Bananen.  Inaug. 

Diss.  1867.    Lvnncea,  xxxv.  (1867-68),  p.  209,  t.  iii. 

SOEOPHUIiAEINEffi. 

Chatin,  J.  Etudes  sur  le  d^veloppement  de  I'ovule  at  de  la  graine  dans  les 
Scrofularindes,  les  Solanac6es,  les  Boraginfees  et  les  Labiees.  Ann.  Sd. 
Nat.  s6r.  V.  t.  xix.  (1874),  p.  5. 

Irmisch,  Th.    Scrofularia  Ehrharti.    Flora,  1853,  p.  525. 

Koch.  Zur  Entwickelungsgeschichte  der  Ehinanthaceen.  Pringsh.  Jahrb.  xx. 
(1889),  p.  1. 

Le  Maout  and  Deoaisne,  I.  c,  figure  seeds  of  Antirrhinum,  p.  583 ;  Pau- 
lownia,  p.  584 ;  Scro;phularia  and  Veronica,  p.  585  ;  and  Verbascum, 
p.  588. 

Winkler,  A.  Ueber  Hypokotyle  Sprosse  bei  Linaria  u.  fiber  Verwachsung  der 
Keimblatter.    Verh.  Bot.  Ver.  Brandenburg,  xxii.  (1880) ;  Abh.  p.  1. 

SEIiAGINEa;. 

Le  Maottt  and  Decaisne,  I.  c,  figure  seeds  of  Hebenstreitia,  p.  612;  and 
Olobularia  (with  embryo),  p.  618. 

SlMARITBE^. 

Baillon,  I.  c.  iv.,  figures  seeds  of  Quassia  cedron,  p.  413  ;  Ailantus  glandiilosa, 
p.  415  ;  Dictyoloma  incanescens,  p.  418  ;  and  Rarrisonia  Brownii,  p.  419. 

Le  Maout  and  Decaisne,  I.  c,  figure  seed  and  embryo  of  Ailantus,  p.  326 ; 
embryo  of  Suriana  and  seed  of  Cneorum,  p.  327. 

SoLANACEiE. 

Chatin,  J.    See  Scrophtjlarine^. 

DuNAD,  F.    Histoire  naturelle,  etc.  des  Solanum  et  des  genres  qui  ont  dt6  con- 

fon'dus  avec  eux.    Paris,  etc.  1813  (Seedlings,  tab.  i.). 
Le  Maout  and  Decaisne,  I.  c,  figure  seeds  of  Nolana,  p.  575 ;  Nicotiana, 

p.  576  ;  DatxLra,  p.  577  ;  Hyoscyamus  niger,  p.  578  ;  Belladonna,  p.  579  ; 

and  Oestrum  (with  embryo),  p.  582. 
Vbies,  H.  de.   Keimungsgeschichte  der  KartoSelsamen.   Landw.  Jahrb.  vu. 

(1878). 

Sterculiace^e. 

Baillon,  I.  c.  iv.,  figures  seeds  of  Sterculia  platanifolia,  p.  63;  and  T]u:obroma 

Cacao,  p.  81.  ,,,,0^7- 
Le  Maout  and  Decaisne,  I.  c.  p.  285,  figure  seed  and  embryo  of  Stcrcuh<i. 
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STYLIDBiE. 

Le  Maout  and  Decaisne,  I.  c.  p.  507,  figure  seed  of  Stylidium. 
ScEOBiscHEwsKY,  W.    Ueber  die  Keimung  von  Stylidium  adnatiim.  Prot. 
Sits.  Versamml.  Biiss.  Naturf.    Warschau,  1876. 

STYBACEiE. 

Le  Maout  and  Decaisne,  I.  c.  p.  541,  figure  seed  and  embryo  of  Styrax. 

TEENSTECEMIACEiE. 

Baiilon,  I.  c.  iv.,  figures  seed  of  Stuartia  virginica,  p.  239  ;  and  Caryocar 

hutyrosum  (with  embryo),  p.  251. 
Le  Maout  and  Decaisne,  I.  c,  figure  seed  and  embryo  of  Thea  chirimsis,  p.  271 ; 

and  seed  of  Gordonia,  p.  272. 

ThYMEL^  ACE2E . 

Schleiden's  original  drawings  include  figures  of  seeds  of  Pimelea  drupacea 

and  Daphne  Mezereimi. 
WiNKLEE,  A.    Ueber  die  Jugendzustande  der  Thymelcea  Passerina.  Ahh. 

Naturwiss.  Ver.  Bremen,  v.  p.  551. 

TlIilACE^. 

Baillon,  I.  c.  iv.,  figures  seed  of  Tilia  sylvestris,  p.  171 ;  and  Sparmannia 
africana,  p.  173. 

Le  Maout  and  Decaisne,  I.  c,  figure  seeds  of  Vallea,  p.  289  ;  and  Elceocarpus 
(with  embryo),  p.  290. 

TEEMANDEEiE. 

Le  Maout  and  Decaisne,  I.  c.  p.  251,  figure  seed  of  Tetratheca. 

Typhace^. 

Le  Maout  and  Decaisne,  I.  c,  figure  seed  and  embryo  of  Sparganium,  p.  825 ; 
and  Typha,  p.  826. 

UMBELLIPEEffi. 

Baillon,  I.  c.  vii.,  figures  seeds  of  Peuccdanum  Palimbia,  p.  100  ;  Coriandnim 
testiculatum,  p.  130 ;  Phyospermum  aguilegifolium,  jj.  131 ;  Smyniium 
Olusatrum,  p.  132 ;  Sanicula  eurojocea,  p.  149  ;  and  Myodocarpus  simplici- 
folius,  p.  157. 

Beenhaedi.     Bunium  luteum,  B.  bulbocastanum,  Prangos  ferulacea,  and 

Bulbocapnos  cava.    See  GeneriVl. 
Buchenau,  F.    Der  Bluthenstand  u.  die  Zweigbildung  bei  HydrocotyU  vulgaris. 

Bot.  Zeit.  1866,  p.  357. 
Hegelmaiee.    Carum.    Vergleich.  Untcrsuclmngcn,  1875. 
HoBsoN,  B.    Seedlings  of  flbrac felt w  (with  fig.).    Science  Gossij),  1887,  p.  165. 
Iemisch,  Th.    Carum  bulbocastanum  u.  Chcerophylium  bulbosum,  nach  ihrer 

Keimung.    Abh.  Naturf.  Ges.  Halle,  ii.  (1854),  p.  47. 

  Ueber  Keimung  von  Bunium  creticum.    Flora,  xli.  (1858),  p.  88. 
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JocHMANN.    De  Umbelliferarum  structura  et  evolutione  nonnulla.    Inaug.  diss. 
Breslau,  1856. 

KiBsoHLEaEK.    Ucber  das  Keimen  von  GTimrophyllum  hulhoaum.    Flora,  1845 
p.  401. 

Lb  Maotjt  and  Decaisne,  I.  c,  figure  seeds  of  Mthiisa,  p.  466 ;  and  Scandix, 
p.  467. 

Mez.   Beitrage  ziir  Kenntniss  des  Umbelliferen-Embryos.     Verh.  Bot.  Ver. 

Brandenburg,  xix.  (1887),  p.  30. 
Schleiden's  original  drawings  include  figures  and  sections  of  many  of  the 

fruits. 

Tanfani,  E.   Morfologia  ed  istologia  del  frutto  e  del  seme  delle  Apiacee.  Niiov. 

Giorn.  Bot.  Ital.  xxiii.  (1891),  p.  451. 
Waeming,  E.     Sium  angustifolmm  og  latifolmm.     Bot.  Tids.  Ejobenliavn, 

1876-  77,  p.  102. 

Ueticace^. 

Baillon,  I.  c.  iii.,  figures  seeds  of  Parietaria  officinalis,  p.  506 ;  and,  I.  c.  v., 

Celtis  australis,  p.  143  ;  and  Humulus  Lupulus,  p.  165. 
CuETis,  Mor.  Londin.  (new  edition  by  Graves  and  Hooker),  iii.  p.  141,  figures 

whole  plant  of  XJrtica  urens,  with  cotyledons  still  present. 
Geavis,  a.    Eecherches  anatomiques  sur  les  organes  vegetatifs  de  I'Urtica 

dioica,  L.    Brussels,  1885. 
lEmscH,  Th.    Ein  kleiner  Beitrag  zur  Naturgeschichte  des  Tlielygonum  Cyno- 

crambe.    Flora,  1856,  p.  689. 
Le  Maodt  and  Decaisne,  I.  c,  figure  seeds  of  Nettle,  p.  665  ;  Mulberry,  p.  670 ; 

Tlielygonum cynocrambe  (with  embryo),  p.  646  ;  Celtis  (with  embryo),  p.  673  ; 

Cannabis  sativa  and  Humulus  Lv,j>iolus,  p.  675  ;  and  Ulmus,  p.  676. 
Waeming,  E.    Urtica  wrens  with  united  cotyledons.    Bot.  Tids.  Ejobenliavn, 

1877-  79,  p.  107. 

Vacciniace^. 

Lb  Maodt  and  Decaisne,  I.  c.  p.  521,  figure  seed  of  Yaccinium. 

Valeeianaceje. 

Baillon,  I.  c.  vii.  p.  508,  figures  seed  of  Valeriana  officinalis. 

Iemisch,  Th.    Beitrage  ziir  Naturgeschichte  der  einheimischen  Valeriana-Arten 

insbesondere  der  V.  officinalis  u.  dioica.    Abh.  Naturf.  Ges.  Halle,  Bd.  i. 

Quart.  3  (1863),  p.  19. 

Vbrbenaceje. 
Kaestbn,  G.   Avicennia.    See  Acanthace2E. 

Violace;e. 

Baillon,  I.  c.  iv.,  figures  seeds  of  Viola  tricolor,  p.  345  ;  and  Sauvagcsiu  crccta, 
p.  347. 

VocnTSIACE/E. 

Baillon,  I.  c.  v.,  figures  seed  of  Vochysia  guianensis,  p.  94  ;  and  Trigonia  . 
villosa,  p.  98. 
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ABB 

Aberia  caffra  (seedling),  i.  199,  fig. 
191 

Abortive  ovules,  i.  72 
Abronia,  seeds,  ii.  401 ;  seedlings,  ii. 
403 

—  arenaria,  embryo,  i.  32,  fig.  64,  A ; 
seed  and  seedling,  ii.  406, fig.  602,  A 

—  umbellata,  embryo,  i.  32,  fig.  64,  B  ; 
seed  and  seedling,  ii.  408,  fig.  602,  B 

Abutilon  asiaticum  (seedling),  i.  249 
Acacia  (cotyledons),  i.  399 

—  acanthocarpa  (seedling),  i.  475 

—  Bm-kittii  (seedling),  i.  471,  fig.  308 

—  dealbata  (seedling),  i.  474,  fig.  310 

—  Oswaldi  (seedling),  i.  472 

—  verticillata  (seedling),  i.  473,  fig. 
309 

Acaeieffi,  i.  399 

Acffina  millefoliata  (seedling),  i.  495 

—  myriophylla  (seedling),  i.  494,  fig. 
319 

—  ovaUfolia  (seed),  i.  494,  fig.  318 
Acalypha  virginica  (seedling),  ii.  487 
AcANTHACEa;,  ii.  348 
Acanthomintha  ilicifolia  (seedling),  ii. 

380,  fig.  588 
Acanthosicyoshorrida  (seedling),!.  600, 
fig.  383 

Acanthostachys  strobilacea  (germina- 
tion), ii.  570 

Acanthus  longifolius  (seed),  ii.  358, 
fig.  679 

—  spinosus  (seed),  ii.  359 
Accumbent  cotyledons,  i.  36 
Acer,  types  of  seeds,  i.  352 

—  campestre  (seed),  i.  364 

—  circinatum  (seed),  i.  364 

—  dasycarpum  (seed),  i.  364 

—  hircanum  (seed),  i.  363 

—  insigne  (seed),  i.  363 

—  raacrophyllum  (seed),  i.  362 

—  pennsylvanicum  (seed),  i.  363 


Alil 

Acer  Pseudo-Platanus,  fruit  and 
embryo,  i.  23,  fig.  50 ;  growth  of 
embryo,  i.  74,  fig.  118 

 (seed  and  seedling),  i.  360,  fig. 

252 

 (seedling),  i.  11,  fig.  9 

—  tataricum  (seed),  i.  363 
Achillea  Millefolium  (seedling),  ii.  129, 

fig.  470 

Aciphylla  squarrosa  (seedling),  ii.  35, 
fig.  414 

Acokanthera  Thunbergii  (seed),  ii.  218 
Aconitum  cernuum  (seedling),  i.  98 
Aotinostrobus  pyramidaUs  (seedling), 
ii.  549 

Adansonia  digitata  (seedling),  i.  262 

—  Gregorii  (seedling),  i.  260 
Adenanthera  Pavonina  (seedling),  i. 

468,  fig.  306 
Adenantherete,  i.  398 
Adlumia  cirrhosa  (seedling),  i.  131, 

fig.  154 

iEgle  Marmelos  (seedling),  i.  325 
^schynomene   aspera   (seedling),  i. 

435,  fig.  282 
^sculus  Hippocastanum  (fruit),  i.  351 
53thionema  gracile  (seedling),  i.  170 
Agave  Wislizeni   (germination  and 

seedling),  ii.  575,  fig.  680 
Agrimonia  viseidula  (seedling),  i.  493 
Ailanthus  glandulosa  (seed),  i.  327 

 var.  (seedling),  i.  327 

Ainsliasa  fragrans  (seedling),  ii.  155 
Ajuga  Chamaspitys  (seedling),  ii.  390, 

fig.  596 

Alberta  magna  (fruit  and  seed),  ii.  68, 
fig.  433 

Alchemilla  aphanoides  (seedling),  i. 
492 

Alisma  Plantago   (germination  ajid 

seedling),  ii.  584,  fig.  684 
Alismacbz-e,  ii.  582 
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ALN 

Alnus  cordifolia  (seedling),  ii,  531, 
fig.  666 

Alonsoa  inoisrofolia  (seedling),  ii.  308 
Alyssum  maritimum  (seedling),  i.  150 

AMABANTACEiE,  ii.  415 

Amarantus  hypochondriacus  (seed), 

ii.  416,  fig.  607 
 (seedling),  ii.  417,  fig.  608 

—  polygamus  (seedling),  ii.  417 
Amabyllide^e,  ii.  574 
Amherstieffi,  i.  897 

Ammi  glaucifolium  (seedling),  ii.  30, 

fig.  409 
AMPELmEiE,  i.  347 

Amsinckia  intermedia  (seedling),  ii. 

262,  fig.  537 
ANACAEDIACEa; ,  i.  369 
Anacardium  oeeidentale  (seedling),  i. 

374 

Anacyclus  radiatus  (seedling),  ii.  128 
Anagallis  arvensis  (seedling),  ii.  187 
Anchusa  capensis  (seedling),  ii.  263 
Androsace  nana  (seedling),  ii.  183 

—  rotundifolia  (seedling),  ii.  182,  fig. 
500 

Anemone  coronaria  (seedling),  i.  84 

—  fulgens  (seedling),  i.  84 

—  polyantha  (seedling),  i.  85 

—  rivularis  (seedling),  i.  83,  fig.  123 

—  rupicola  (seedling),  i.  85 
AngraBcum  maculatum  (seed,  germina- 
tion, and  seedling),  ii.  564 

Anona  Cherimolia  (seedling),  i.  105 

—  ?  laurifolia,  germination,  i.  50,  fig. 
96  ;  104,  fig.  139  ;  seedling,  i.  105 

—  palustris  (seedling),  i.  105 
ANONACEiE,  i.  103 

Anthemis  mixta  (seedling),  ii.  131 

—  sp.  (seedling),  ii.  130,  fig.  471 
Anthurium  margaritaceum  (seedling), 

ii.  581 

Anthyllis  Vulneraria  (seedling),  i.  418, 

fig.  273 
ApocYNACEa:,  ii.  216 
Apteria  setacea  (seed),  ii.  562 
Aquilegia  chrysantha  var.  (seedling), 

i.  92,  fig.  133 
Arabis  Turczaninowii  (seedling),  i.  148 
Aralia  edulis  (seedling),  ii.  41,  fig.  417 
AKALIACEiE,  ii.  40 

Ardisia,  fruit  and  seed,  ii.  188 ;  coty- 
ledons, ii.  189 

—  crenulata  (seed  and  seedling),  ii. 
191,  fig.  503 

—  japonica  (seed  and  seedling),  ii. 
193,  fig.  504 

—  mamillata  (seedling),  ii.  194,  fig. 
505 


BER 

Ardisia  polycephala  (seed,  develop- 
ment of  cotyledons,  and  seedling), 
ii.  194,  fig.  .506 
Arenaria  procumbens  (seed),  i.  221 
Ai'gemone  mexicana  (seedling),  i.  124, 
fig.  147 

Argyreia  cuneata  (seedling),  ii.  274 

—  speeiosa  (seedling),  ii.  274 
Aristolochia  eaudata  (seedling),  ii.  445 

—  elegans  (seedling),  ii.  445,  fig.  624 
Akistolochiace/E,  ii.  444 
Aristotelia  racemosa  (seedling),  i.  283, 

fig.  225 

Armeria  chilensis  (seedling),  ii.  176 

—  grandiflora  (seed),  ii.  176 
Aboideze,  ii.  581 

Artemisia  annua  (seedling),  ii.  135 

—  mutellina  (seedling),  ii.  136 
AscLEPiADEa:,  ii.  223 

Asclepias  obtusifolia  (seedling),  ii.  229 
Asterolinum  splendidum  (seedling),  ii. 
186 

Astragalus  sulcatus  (seedling),  i.  429 

—  thiansehanicus  (seedling),  i.  428, 
fig.  278 

Asystasia  coromandeliana  (seedling), 

i.  13,  fig.  16  ;  ii.  362,  fig.  582 
Atalaya  diversitolia  (seedling),  i.  359 
Atragene  alpina  (seedling),  i.  83,  fig. 
122 

Atriplex  hortensis  (seeds),  ii.  419,  425 
 (seedling),  ii.  426 

—  oblongifolia  (seedling),  ii.  427 
Atylosia  Candollei  (seedling),  i.  449, 

fig.  291 

Aucuba  japonica  (seedling),  ii.  45, 

fig.  419 
Auricled  cotyledons,  i.  55 


Bferia  chrysostoma  (seedling),  ii.  125 
Banksia  australis  (seedling),  ii.  459, 
fig.  632 

—  speeiosa  (seedling),  ii.  460,  fig.  633 
Basella  alba  (seedling),  ii.  429,  fig.  614 
Bauliinia  (cotyledons),  i.  397 

—  Carronii  (seedling),  i.  464 

—  tomentosa  (seedling),  i.  463,  fig.  303 
Bauhiniere,  i.  397 

Beech,  i.  12,  fig.  18 
Begonia  (cotyledons),  ii.  2 

—  modesta  (seedling),  ii.  3,  fig.  393 

—  villosa  (seedling),  ii.  2,  fig.  392 
Beooniace.i;,  ii.  1 

Bellis  perennis  (seedling),  ii.  113,  fig. 
458 

BEBBEBIDEiS,  i.  108 
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Berberis,  i.  7  ,  .   i  nn 

—  Aquifolium,  fruit  and  seed,  i.  109, 
fig.  142  ;  seedling,  i.  Ill,  fig.  143 

—  concinna  (seedling),  i.  113 

—  erecta  (seedling),  i._112 

—  sibiiica  (seedling),  i.  113 

—  vulgaris  var.  (seedling),  i.  112 
Berkheya  purpurea  (seedling),  ii.  149, 

fig-  479 

Berrya  Ammonilla  (seed  and  seedling), 

i.  279,  fig.  221 
Bertholletia  excelsa  (seedling),  i.  542, 

fig.  350 
Beta  trigyna  (seed),  ii.  424 

—  vulgaris  (seedling),  ii.  424 
Betula  alba  (seedling),  ii.  541,  fig.  672 
Bidens  ferulsefolia  (seedling),  ii.  123 

—  humilis  (seed  and  seedling),  ii.  120, 
fig.  465 

—  leucantha  (fruit),  ii.  123 
Bignonia  insignis  (seedling),  ii.  337, 

fig.  569 
BiGNONiACEa:,  ii.  332 
Billardiera  fusiformis  (seedling),  i.  204 

—  longiflora  (seedUng),  i.  203,  fig.  194 
Biscutella  didyma  (seedling),  i.  171 
Bivonaea  Saviana  (seedling),  i.  170 
BixiNEiE,  i.  197 

Blechum  Brownei  (seedling),  ii.  357 
Blepharocarya  involucrigera  (seedling), 
i.  356 

Blitum  virgatum  (seedling),  ii.  425,  fig. 
611 

Bocconia  frutescens  (seedling),  i.  126, 

fig.  150 
Boragiot:^,  ii.  253 
Borago  officinalis  (seed),  ii.  263 
Bossieea  linophylla  (seedling),  i.  402, 

fig.  263 

—  rufa  (seedling),  i.  403 

Bowiea  volubilis  (seedling),  ii.  578,  fig. 
682 

Brachycome  iberidifolia  (seedling),  ii. 

112,  fig.  457 
Brassica  Aristidis  (seedling),  i.  164 

—  balearica  (seedling),  i.  164 

—  campestris  var.  (cotyledons),  i.  162 

—  elata  (seedling),  i.  163 

—  nigra,  seed,  i.  160;  seedling,  i.  3, 
fig.  3  ;  161,  fig.  168 

—  oleracea  (cotyledons),  i.  140,  162, 
fig.  169 

—  rugosa  (seedling),  i.  163 
Broad  cotyledons,  i.  23 
BnoMELiACEiE,  ii.  569 

Browallia  elata  (seedling),  ii.  300,  fig. 
549 

Brunfelsia  sp.  (seedling),  ii.  300,fig.550 


CAM 

Bryonia  dioica  (seedling),  i.  38,  fig.  76 ; 
607,  fig.  391 

—  laciniosa,  seed,  i.  605,  fig.  389 ; 
seedling,  i.  37,  fig.  75  ;  605,  fig.  390 

Buchanania  latifolia  (seed  and  seed- 
ling), i.  375,  fig.  258 
Bueklandiapopulnea  (seedling),  i.  5^0, 

fig.  335 
Buckwheat  (ovule),  i.  6 
Bufionia  (seed  and  cotyledons),  i.  212 

—  brachyphylla  (seed),  i.  223,  fig.  203 

—  Oliveriana  (seed),  i.  222,  fig._202 
Bunias  orientalis,  cotyledons,  i.  143  ; 

seed  and  seedling,  i.  173,  fig.  176 
Bupleurum  fruticosum  (seedling),  ii.  29 

—  longifolium  (seedling),  ii._30 
Burmannia  capitata  (seed),  ii.  562 

BUEMANNIACBffi,  ii.  561 

Burrielia  gracilis  (seedling),  ii.  125 
BuBSEBACEa;,  i.  331 
Butyrospermum  Parkii  (seed  and  seed- 
ling), ii.  201 
Buxus  sempervirens  .(seedling),  ii.  481, 

fig.  689 


CACTEa;,  ii.  4 

Cffisalpinia  tinctoria  (seedling),  i.  456, 

fig.  297 
CaiSAIiPINIBiE,  i.  396 
Cakile  americana  (seedling),  i.  176 

—  maritima  (seedling),  i.  176,  fig.  178 
Calandrinia  pilosiuscula  (seedling),  i. 

229 

—  umbellata  (seedling),  i.  229 
Calceolaria  chelidonioides  (seedling), 

ii.  307,  fig.  551 
Calendula  (polymorphic  fruits),  ii.  101 

—  algarbiensis  (fruit),  ii.  147 

—  hybrida  (seed),  ii.  146 

—  officinalis  (seed  and  germination), 
ii.  145,  fig.  477 

—  pluvialis  (seed),  ii.  146 
Callicarpa  americana  (seedling),  ii.  372 
Callirhoe  pedata  (seedling),  i.  248 
Callistemon  Cunninghamii  (seedling), 

i.  529 

—  rigidus  (seedling),  i.  528,  fig.  337 

—  speciosus  (seedling),  i.  529 
Calodendron  capense  (seedling),  i.  320 
Calophaca  sp.  nov.  (seedhng),  i.  426 
Calophyllum  Inophyllum  (seedling), 

i.  234,  fig.  209 
Calotropis  gigantea  (seedling),  ii.  228, 

fig.  518 
Calycanthace;e,  i.  100 
Calycanthus  macrophyllus,  i.  100 
Camelina  sativa  (seedling),  i.  160 
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Camellia  reticulata  (seed),  i.  241 

—  theifera  (seed  and  seedling),  i.  239, 
fig.  210 

Campanula  thyrsoides  (seedling),  ii.  168 
CAMPANULACEa;,  ii.  163 
Canarium  commune  (seed),  i.  332 

—  strictum  (seedling),  i.  333,  fig.  237 

CiVNELLACB/E,  i.  197 

Canna  (embryo),  ii.  568 
Cannabis  sativa  (seed  and  seedling), 
ii.  497 

ClPPAEIDEiE,  1.  179 

Capparis  sandwichiana  (seed),  i.  182, 
fig.  182 

—  sp.  (seedling),  i.  182,  fig.  183 

CAPEIPOLIACEiE,  ii.  45 

Capsella  Bursa-pastoris  (seedling),  i. 

166,  fig.  170 
Capsicum  sp.  (seedling),  ii.  296,  fig. 

545 

Caragana  arborescens  (seed),  i.  427 
Cardamine    chenopodifolia  (size  of 
seeds),  i.  56 

—  grseca  (seedling),  i.  148 

—  hirsuta  (seedling),  i.  149 

—  impatiens  (seed),  i.  148 
Cardiospermum  Halicacabum,  seed, 

i.  357,  fig.  249;  seedling,  i.  357, 
fig.  250 

Carduus  giganteus  (seedling),  ii.  150 
Carica  cundinamarcensis  (seedling), 

i.  592,  fig.  380 

Carmichaelia  pilosa  (seedling),  i.  423 
Carpinus  Betulus  (seed  and  seedling), 

ii.  532,  fig.  667 

Carrichtera  Vellee  (seedling),  i.  165 
Carum  Carvi  (seed),  ii.  31,  fig.  410 
Cabyophyllejb,  i.  208 
Cassia  (cotyledons),  i.  397 

—  circinata  (seedling),  i.  459,  fig.  299 

—  Fistula,    seed,  i.  461,  fig.  301; 
seedling,  i.  462,  fig.  302 

—  mimosoides  (seedling),  i.  460 

—  obovata  (seedling),  i.  460,  fig.  300 
Cassiese,  i.  396 

Castanea  vulgaris,  fruit,  ii.  528  ;  fruit 

and  seed,  ii.  537 
Castanospermimi  australe  (seedling), 

i.  454,  fig.  295 

Casuarina  Cunninghamiana  (seedling), 

ii.  525,  fig.  664 

—  stricta  (seedling),  ii.  526,  fig.  665 
Casuaeine;e,  ii.  524 

Catalpa,  seedlings,  ii.  835 

—  bignonioidos  (seedling),  ii.  340 

—  Kasmpferi  (seedling),  i.  18,  fig.  37  ; 
ii.  339,  fig.  571 

—  syringrefolia  (seedling),  ii.  340 


CHE 

Caylusea  abyssinica  (seed),  i.  185,  fig, 
184 

Celastkine;e,  i.  339 
Celastrus  paniculatus   (seedling),  i. 
343 

Celtis  australis  (seed  and  seedling),  ii. 
495 

—  occidentalis  (seed  and  seedling),  ii. 
493,  fig.  646 

Cenia  subheterocarpa  (seedling),  ii. 
134 

Centaurea  Clementei  (seedling),  ii.  154, 
fig.  482 

—  ragusina,  ii.  154 

Centranthus  macrosiphon  (seedling), 

ii.  82,  fig.  445 
Cephalandra  palmata  (seedling),  i.  604, 

fig.  388 

Cerastium  arvense,  seed,  i.  25,  fig.  56  ; 

211,  219,  fig.  199 ;  seedling,  i.  14, 

fig.  23  ;  220,  fig.  200 
Ceratocephalus  falcatus  (seedling),  i. 

10,  fig.  7  ;  90,  fig.  130 

Cercis  Siliquastrum  (seedling),  i.  465, 
fig.  304 

Cereus  Emoryi  (seedling),  ii.  9,  fig. 
396 

—  Napoleonis  (seed),  i.  31,  fig.  63 ;  ii. 
8,  fig.  395 

—  tilophorus  (seedling),  ii.  9 
Ceropegia  sp.  (seedling),  ii.  231,  fig. 

521 

Cestrum  elegans  (seedling),  ii.  298 

—  Parqui  (seedling),  ii.  298,  fig.  547 
Charieis  heterophyUa  (seedliiig),  ii. 

113 

Clieiranthus  Cheiri,  embryo,  i.  134 ; 
seed,  i.  36,  figs.  73, 74  ;  146,  fig.  158 ; 
147,  fig.  159  ;  seedling,  i.  44,  fig.  86 

CHENOPODIACEa;,  ii.  418 

Chenopodium  Bonus-Henricus,  seed, 
i.  22,  fig.  48;  ii.  421,  fig.  609; 
seedling,  i.  11,  fig.  10 ;  ii.  422, 
fig.  610 

—  ficifolium  (seedling),  ii.  423 

—  petiolare  (seed),  ii.  421 

—  Quinoa  (seedling),  ii.  423 

—  viride  (seedling),  ii.  424 
Chimonantlius  fragrans  (seedling),  i. 

101 

Chij;i3NAce2e,  i.  242 
Chorispora  tenella  (seedling),  i.  177 
Chorizema  cordifolium  (seedling),  i. 
400,  fig.  261 

—  ilicifolium  (seedling),  i.  401 
Chrysanthemum  cariuatum  (seedling), 

11.  131,  fig.  472 

—  coronarium  (floret),  ii.  94,  fig.  454 
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Chrysanthemum  segetum  (seedling), 
ii.  132 

Chrysophyllum  oliviforme  (seedling), 
ii.  199 

CiSTINEiE,  i.  188 

Cistus,  embryo,  i.  188 ;  cotyledons,  i. 
189 

—  albidus  (seedling),  i.  191 

—  ladaniferus  (seedling),  i.  191 

—  lam-ifolius  (seed  and  seedling),  i. 
190,  fig.  186 

—  undulatus  (seedling),  i.  191 
Citriillus  Colocynthis  (seedling),  i.  604, 

fig.  387 

Citrus  Am-antium  (seedling),  i.  823 

—  decumana  (seedling),  i.  324 
Clarkia  (cotyledons),  i.  555 

—  integripetala  (seedUng),  i.  564,  fig. 
362 

—  pulehella  (seedling,  and  develop- 
ment of  cotyledons),  i.  63,  fig.  109  ; 
563,  fig.  361 

—  rhomboidea  (development  of  coty- 
ledons), i.  561,  figs.  359,  360 

—  sp.,  seed,  i.  558,  fig.  356  ;  seedling, 

i.  559,  figs.  357,  358 ;  development 
of  cotyledons,  i.  561 

Claytonia  perfoUata,  embryo,  i.  225  ; 

seed  and  seedling,  i.  69,  fig.  114  ; 

227,  figs.  204,  205 
Clematis  graveolens  var.  (seed  and 

seedling),  i.  81,  fig.  121 

—  recta  var.,  seedling,  i.  80,  fig.  120  ; 
seed,  i.  81 

Cleome  spinosa,  i.  181,  fig.  181 

—  violacea  (seedling),  i.  180,  fig.  180 
Clerodendron  Kfempferi    (seed  and 

seedling),  ii.  372,  fig.  586 
Clethra  arborea  (seedling),  ii.  172 
Clitoria  Ternatea,  seedling,  i.  15,  fig. 

27  ;  seed  and  seedling,  i.  441,  fig. 

286 

Cneorum  tricoccum  (seed  and  seed- 
ling), i.  328 

Cnicus  diacanthus  (seedling),  ii.  151, 
fig.  480 

—  syriacus  (seedling),  ii.  151 
CobfEa  scandens  (seed  and  seedling), 

ii.  244,  fig.  529 

Coccoloba  uvifera  (seedling),  ii.  443, 
fig.  623 

Cochlearia  arctica  (seedling),  i.  151 

—  glastifolia  (seedling),  i.  150 
Cochlospermum  Gossypium,  seed,  i. 

197  ;  seedling,  i.  198,  fig.  190 
Coffea  arabica  (seedling),  ii.  70,  fig. 
436 

Cola  sp.  (seedling),  i.  270 


COK 

Colensoa  physaloides   (seedling),  ii 

165,  fig.  491 
Colletia  cornuta  (seedling),  i.  846,  fig. 

246 

Collinsia  bicolor  (seedling),  ii.  318,  fig. 
559 

—  multicolor  (seedling),  ii.  319 

—  parviflora  (seedling),  ii.  319 
Collomia  coccinea  (seed  and  seedling), 

ii.  239,  fig.  526 

C0MBEETACE2!,  i.  522 

Oombretum  sundaicum  (seedling),  i. 
522 

Composite;,  ii.  98 

CONEFEEiE,  ii.  547 

Conocephalus  niveus  (seedling), ii.  499, 
fig.  649 

Conringia  perfoliata  (seedling),  i.  157 
CoNvoiiVULACE^,  ii.  267 
Convolvulus  (seedlings),  ii.  271 

—  Cneorum  (seed  and  seedling),  ii.  288 

—  sepium  (seed  and  seedling),  ii.  283 

—  Soldanella,  seed  and  embryo,  i.  45, 
fig.  87  ;  seedling,  ii.  286 

—  tricolor  (seed),  ii.  286 

 ■  var.  (seedling),  ii.  287 

Copaifera  officinalis  (seedling),  i.  466 
Corchorus  olitorius  (seedling),  i.  280, 

fig.  222 
Cordia  (seedlings),  ii.  256 

—  decandra  (seedling),  ii.  260 

—  ferruginea  (seedling),  ii.  261 

—  grandifolia  (fruit),  ii.  258,  fig.  533 

—  latifoUa  (seedling),  ii.  260 

—  subcordata,  embryo,  i.  35,  fig.  70  ; 
fruit  and  seed,  ii.  258,  fig.  534; 
seedling,  i.  17,  fig.  33;  ii.  259, 
fig.  535 

—  subopposita  (fruit  and  seed),ii.  257 
Coreopsis     auriculata    (fruit  and 

embryo),  i.  28,  fig.  59;  ii.  118, 
fig.  462 

—  Atkinsoniana,  fruit  and  embryo, 
i.  33,  fig.  66;  ii.  116,  fig.  460; 
seedling,  i.  33,  fig.  67  ;  germina- 
tion, ii.  117,  fig.  461 

—  filifolia,  fruit  and  embryo,  i.  27, 
fig.  58  ;  ii.  119,  fig.  463 ;  seedling, 

i.  10,  fig.  6 

—  gigantea  (seedling),  ii.  119,  fig.  464 

—  laciniata  (seedling),  ii.  119 

—  polymorphic  fruits  and  seed,  etc., 

ii.  101,  120 
ConNACEiE,  ii.  43 

Coronilla  juncea  (seedling),  i.  430 
Correa  Colvillei  (seedling),  i.  320 

—  viridiflora  (seedling),  i.  321 
Corydalis  (heterocarpism),  i.  120 
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Corydalis  lutea  (seedling),  i.  132,  fig. 
155 

—  nobilis  (cotyledons),  i.  132 
Corylus  Avellana  (seed),  i.  70,  fig.  117  ; 

ii.  527,  538,  fig.  668 
Cotoneaster  Simonsii  (seedling),  i.  502, 
fig.  325 

Cotula  coronopifolia  (seedling),  ii.  184 
Cotyledons,  accumbent  and  incumbent, 

i.  36 ;   auricled,   55 ;   broad,   23  ; 

crenate,  85  ;  divided,  48 ;  emargin- 

ate,  42 ;   lobed,  40 ;   narrow,  21 ; 

size  of,  60 ;  unequal,  30 ;  unsym- 

metrical,  34 
Couroupita  guianensis  (seed),  i.  538, 

fig.  347 

Crassula  quadrifida  (seedling),  i.  513, 

fig.  332 
Ceassulace^,  i.  512 
Cratsegus  mexieana  (seedling),  i.  501 

—  Oxyacantha  (seedling),  i.  500,  fig. 
324 

Crescentia  Cujete  (seedling),  ii.  344, 
fig.  575 

Crotalaria  quinquefolia  (seedling),  i. 
404 

—  sp.  (seedling),  i.  405 
Crucianella  segyptiaca  (seedling),  ii. 

77,  fig.  443 
CEtrciFERiE,  i.  133 

Cryptomeria  japonica  (seedling), ii.  552 
Cryptostemma  calendulaceum  (seed- 
ling), ii.  148 
Cucumis  sativa  (seedling),  i.  602,  fig. 
886 

CUCUBBITACE^,  i.  593 

Cuphea  (seedlings),  i.  548 

—  coccinea  (seedling,  (i.  551 

—  Eoezlii  (seedling),  i.  550 

—  silenoides,  seed,  i.  43,  fig.  84  ;  549, 
fig.  353  ;  seedling,  i.  55,  fig.  103  ; 
549,  fig.  354 

CoPULEFEEiE,  ii.  526 
CYCADACEiE,  ii.  556 

Cycas  Beddomei,  germination,  ii.  557, 

fig.  679  ;  seedling,  ii.  558 
Cyclamen  persicum  (seedling),  ii.  184 
Cydonia  vulgaris  (seedling),  i.  500 
Cynoglossum  furcatum  (seed),  ii.  262 

—  vulgare  (seed),  ii.  262 
Cynometrero,  i.  398 
Cypeeace/e,  ii.  585 

Cysticapnos  africana  (seedling),  i.  133 


Dahlia  variabilis  (seed  and  seedling), 
ii.  121 

Dalbergia  hupeana  (seedling),  i.  450 


DBO 
Dalbergiese,  i.  395 

Dalechampia  capensis  (seedling),  ii. 

488,  fig.  645 
Daphne  Mezereum  (seed),  ii.  461 
Darlingtonia  californica,  i.  118,  119 
Datura  gigantea  (seedling),  ii.  297,  fig. 

546 

Delphinium  Ajacis  (seedling),  i.  98 

—  eardinale  (seedling),  i.  96 

—  consolida  (seedling),  i.  97 

—  elatum,  seed,  i.  95  ;  seedling,  i.  16 
fig.  80  ;  96,  fig.  136 

—  hybridum  (seedling),  i.  96 

—  nudicaule  (seedling),  i.  16,  fig.  32  ; 
i.  96,  fig.  187 

—  Staphysagria,  seed,  i.  59,  fig.  104  ; 
94,  fig.  134  ;  seedling,  i.  16,  fig.  31 ; 
94,  fig.  185 

—  trollifolium  (cotyledons),  i.  96 
Desmodium  canadense  (germination), 

i.  486 

Dianthus  Caryophyllus,  seed,  i.  26, 
fig.  57  ;  seedling,  i.  14,  fig.  22  ;  216, 
fig.  197 

—  plumarius  (seed),  i.  209,  215,  fig. 
196 

—  prolifer  (seedling),  i.  216 
Dichrostachys  cinerea   (seedling),  i. 

470 

Dicliptera  resupinata  (seedUng),  ii. 

364 

DiLLENIACEiE,  i.  99 
DiOSCOEEACEiE,  ii.  575 

Diospyros  Embryopteris  (seedling),  ii 
203,  fig.  508 

—  sp.  (seedling),  ii.  204 
Diplotaxis  erucoides  (seedling),  i.  160 
DiPSACEiE,  ii.  84 

Dipsacus  ferox  (germination),  ii.  89, 
fig.  448 

—  sylvestris  (seed  and  seedling),  ii. 
87,  fig.  447 

Dipteracanthus  micranthus  (seedling), 

ii.  355 

—  prostratus  (seedling),  ii.  356 

DiPTEEOCAEPEJE,  i.  242 

Dodonaja  viscosa  (seedling),  i.  365,  fig. 
253 

Dorstenia  Contrajerva  (seedling),  ii. 

498,  fig.  647 
Downingia  pulchella    (seedling),  ii. 

164,  fig.  490 
Dracocephalum  peltatum  (seedling), 

ii.  384,  fig.  592 
Drimys  Winteri  (seedling),  i.  102,  fig. 

138 

Drosera  binata  (seedling),  i.  517 

—  rotundifolia  (seedling),  i.  517 


INDEX 


635 


DBO 

Deoseracez-e,  i.  516 
Drosophyllum  lusitanicum  (seedling), 
i.  518 

Duvaua  dependens  (seedling),  i.  380 


Ebenace^,  ii.  202 

Eocremocarpus  scaber,ii.  343,  fig.  574 
Echinocactus  Orcuttii  (seedling),  ii.  8 

—  viridescens  (seedling),  ii.  8,  fig.  394 
Echites  umbellata  (seedling),  ii.  221, 

fig.  515 

Echium  canescens  (seedling),  ii.  266 

—  Decaisnei  (seedling),  ii.  266 

—  violaceum  (seedling),  ii.  266 

—  vulgare  (seed),  ii.  265 
Edwardsia  chilensis  (seedling),  i.  453, 

fig.  294 
Elsiagnace^,  ii.  462 
Elfeagnus  angustifolia  var.  (seedling), 

ii.  464,  fig.  634 

—  hortensis  (seedling),  ii.  465 

—  longipes  (seed),  ii.  464 
ElsBOcarpus   oblongus    (seedling),  i. 

284,  fig.  226 

—  reticulatus  (seedling),  i.  286 

EliATINEiE,  i.  230 

Elettaria  (embryo),  ii.  567 
Elsholtzia  cristata  (seedling),  ii.  378 
Embelia  Eibes  (seedling),  i.  65,  fig. 
Ill;  ii.  190,  fig.  502 

—  viridiflora  (seedling),  ii.  191 
Embryo,  size  of,  i.  59  ;  position  in 

seed,  i.  66 
Endodesmia  (seed  and  cotyledons),  i. 
231 

Enkianthus  japonicus  (seedling),  ii. 
170 

Ephedra  (seedlings),  ii.  544 

—  altissima  (seed),  ii.  545,  fig.  675 

—  fragilis  (seedling),  ii.  546 

—  vulgaris  (seedling),  ii.  545,  fig.  674 
Eranthemum  leuconeurum,  seed,  ii. 

360,  fig.  580  ;  seedling,  ii.  361,  fig. 
581 

Eremostachys  laeiniatavar.  (seedling), 
ii.  389 

Erica  TetraUx  (seedling),  ii.  171 
EBicACEa;,  ii.  169 

Eriodendron  anfractuosum  (seedling), 

i.  262,  fig.  216 
Eritrichium  barbigerum  (seedling),  ii. 

262 

Erodium  (seed  and  embryo),  i.  300 

—  moschatum  (ovule,  seed,  and  em- 
bryo), i.  306 

—  trichomanefolium  (seedling),  i.  307 
verbenffifolium  (seedling),  i.  308 


EUP 

Eryngium  giganteum  (seedling),  ii.  28 

—  paniculatum  (seedling),  ii.  27,  fig. 

407  . 

ErythrEea  pulchella  (seedling),  ii.  236 
Erythrina  monosperma  (seedling),  i. 
444 

—  suberosa  (seedling),  i.  442,  fig.  287 

—  Vespertilio  (seedling),  i.  443 
Escallonia  Berteriana  (seedling),  i. 

509,  fig.  329 
Eschscboltzia,  cotyledons  of,  i.  49 

—  calif ornica  (seedling),  i.  19,  fig.  40  ; 
128,  fig.  152 

—  tenuifolia  (seedling),  i.  129 
EucEBsalpiniesB,  i.  396 
Eucalyptus,  cotyledons,  i.  525;  em- 
bryo, 524 

—  Galophylla  (seedling),  i.  533,  fig.  344 

—  coccifera  (seedling),  i.  532 

—  cordata  (seedling),  i.  531 

—  ficifolia  (seedling),  i.  533 

—  Globulus,  embryo,  i.  46,  fig.  90  ; 
530,  fig.  338 ;  seedling,  i.  530,  fig. 
339 

—  leucoxylon  (seedling),  i.  531,  fig. 
340 

—  marginata  (seedling),  i.  533,  fig. 
343 

—  occidentalis  (seedling),  i.  533,  fig. 
342 

—  rostrata  (seedling),  i.  531 

—  sp.  (seedling),  i.  18,  fig.  38 

—  stellulata  (seed),  i.  532,  fig.  341 
Eucharidium    concinnum  (develop- 
ment of  cotyledons),  i.  577 

—  grandiflorum,  seedling,  i.  61,  figs. 
106,  107  ;  62,  fig.  108 ;  seed,  i.  576 

Eucryphia  cordifolia  (seedling),  i.  483 
Eugenia  bracteata  (seedling),  i.  537, 

fig.  346 
Eumimoseaj,  i.  399 

Euonymus  europoeus,  seed,  i.  341,  fig. 

242  ;  seedling,  i.  343,  fig.  243 
Euphorbia,  seedlings,  i.  472 ;  seeds, 

ii.  470 

—  exigua  (seed  and  seedling),  ii.  476, 
fig.  637 

—  heterophylla  (seedling),  ii.  478 

—  Lathyris  (seed  and  seedling),  ii. 
474 

—  macro rhiza  (seed),  ii.  480 

—  Myrsinites  (seedling),  ii.  478 

—  Peplus  (seed,  germination,  and  seed- 
ling), ii.  477 

—  platyphylla  (seed  and  seedling),  ii. 
478 

—  splendens  (seed,  germination,  and 
seedling),  ii.  479,  fig.  638 
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EUP 

EUPHORBIACE^,  ii.  470 
Euryale  (seedling),  i.  116 
Exacum  (seedlings),  ii.  233 

—  bicolor  (seedling),  ii.  234,  fig.  523 

—  macranthum  (seedling),  ii.  234 


Fagopyrum  esculentum  (seed  and 
seedling),  ii.  439,  fig.  619 

—  tataricum  (seedling),  ii.  440,  fig. 
620 

Fagus  sylvatica,  seed,  ii.  529 ;  develop- 
ment of  seed,  ii.  538;  seedling,  i.  12, 
fig.  13  ;  ii.  530,  539,  fig.  671 

Ferula  communis  (seedling),  ii.  36 

—  fcetida  (seedling),  ii.  37 
FicoiDE^,  ii.  13 

Ficus  bengalensis  (seedling),  ii.  499, 

fig.  648 
First  leaves,  forms  of,  i.  74 
Flemingia  Grahamiana  (seedling),  i. 

449 

Fceniculum  vulgare  (seedling),  i.  10, 

fig.  5  ;  ii.  35,  fig.  413 
Forms  of  cotyledons,  i.  8 

 first  leaves,  i.  74 

 leaves,  i.  1 

Forskohlea  viridis  (seedling),  ii.  503 
Forsythia  suspensa  (seedling),  ii.  212, 
fig.  510 

FnANKENIACEiE,  i.  207 

Fraxinus  excelsior,  samara,  i.  21,  fig. 
46 ;  samara  and  seed,  ii.  213,  fig. 
611 ;  seedling,  ii.  214,  fig.  512 

—  Sogdiana  (seedling),  ii.  215 
Fumaria  Vaillantii  (seedling),  i.  132 


Gaillardia  pinnatifida  (seedling),  ii. 

127,  fig.  468 
Galactia  glabella  (seedling),  i.  450 
Galega  officinalis  (seedling),  i.  421 
Galegeas,  i.  389 

Galeopsis    Ladanum    (seedling),  ii. 
388 

—  pyrenaica  (seedling),  ii.  388 
Galium  Aparine,  seed,  i.  29,  fig.  61 ;  ii. 

73,  fig.  439  ;  seedling,  i.  47,  figs.  91, 
92  ;  ii.  61,  fig.  440 

—  saccharatum,  seed,  i.  29,  fig.  00  ;  ii. 

74,  fig.  441  ;  seedling,  i.  14,  fig.  24  ; 
ii.  62,  75,  fig.  442 

—  tenuissimum  (seedling),  ii.  77 
Gamolepis  annua  (seedling),  ii.  144 

—  Tagotes  (seedling),  ii.  144 
Gardenia  Thunbergia  (seed  and  seed- 

Ung),  ii.  64,  fig.  429 


GUN 

Genipa  clusioBfolia  (seed,  germination. 

and  seedling),  ii.  66,  figs.  430-432 
Genista  sp.  (seedling),  i.  409 
GenisteiB,  i.  386 

Gentiana  verna  (seedling),  ii.  236,  fig. 
525 

Gentianete,  ii.  233 
GEEANiACEa;,  i.  294 

Geranium,  embryo,  i.  34,  fig.  68 ;  298 ; 
cotyledons,  i.  304 

—  bohemicum  (seedling),  i.  39,  fig. 
78 

—  pratense  (embryo),  i.  306 

—  sanguineum,   seedling,  i.  15,  fig. 
25  ;  embryo  and  seedling,  i.  306 

—  Wallichianum  (seedling),  i.  305,  fig. 
228 

Gerbera  lanuginosa  (seedling),  ii.  156, 
fig.  484 

Gesnera  macrantha  (seedling),  ii.  330 

GESNEEACEa;,  ii.  328 

Geum  coccineum  (seedling),  i.  486 

—  Freemontii  (seedling),  i.  486,  fig. 
313 

—  urbanum  (cotyledons),  i.  486 
Gilia  crassifolia  (seedling),  ii.  241,  fig. 

527 

—  lutea  (seedling),  ii.  242,  fig.  528 

—  squarrosa  (seedling),  ii.  242 
Girardinia  heteropliylla  (seedling),  ii. 

503 

—  pabnata  (seedling),  ii.  502,  fig.  651 
Gladiolus  communis,  germination,  ii. 

572  ;  seedling,  ii.  573 
Glaucium  corniculatum  var.  (seedling), 

i.  127,  fig.  151 

—  Serpieri  (seedling),  i.  128 
Gleditscliia  triacanthos  (seedling),  i. 

456 

GNETACEiE,  ii.  543 

Gomphoearpus  campanulatus  (seed- 
ling), ii.  227,  fig.  517 
Gonospermum  fruticosum  (seedling), 

ii.  128 

Goodia  lotifolia  (seedling),  i.  404 
Gossypium  barbadense  (seedUng),  i. 
259,  fig.  215 

—  tomentosum  (seedling),  i.  260 
GimiiNEa;,  ii.  586 

Grammanthes  gentianoides  (seedling), 
i.  516 

Grevillea  Hilliana,  seed,  ii.  454,  fig. 
628  ;  seedling,  ii.  455,  fig.  629 

—  linearis  (seedling),  ii.  455,  fig.  630 

—  punicea  (seedling),  ii.  455 
Guizotia  abyssinica  (seedling),  ii.  116 
Gundelia  Tournefortii  (seedling),  ii. 
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Gunnera  c&ilensis  (seedling),  i.  522, 
fig.  336 

GuTTIPEEiE,  i.  232 

Gyinnolcema  viride  (seedling),  ii.  225 


Hsematoxylon  campeehiamini  (seed 
and  seedling),  i.  455,  fig.  296 

Hakea  acicularis,  seedling,  i.  14,  fig. 
21 ;  ii.  456,  fig.  631 ;  seed,  ii.  456 

—  eucalyptoides  (seedling),  ii.  458 

—  florida  (seedling),  ii.  458 

—  laurina  (seedling),  ii.  457 

—  multilineata  var.  (seedling),  ii.  458 
Halesia hispida  (fruit  and  seed),  ii.  208 

HALOEAGEiE,  i.  521 

Hamamelide/E,  i.  519 
Haplopappus  pectinatus  (seedling),  ii. 
112 

Hebenstretia  dentata  var.  (seedling), 
ii.  366 

—  tenuifoUa  (seedling),  ii.  366 
Hedera  Helix  (seedling),  ii.  43,  fig.  418 

 var.  (seedling),  ii.  42 

Hedysareffi,  i.  391 

Hedysarum  capitatum  (seedling),  i. 
434 

—  coronarium,  seed,  i.  432,  fig.  280  ; 
seedling,  i.  433,  fig.  281 

—  dentieulatum  (germination),  i.  431, 
fig.  279 

Helianthemum,  embryo,  i.  188  ;  coty- 
ledons, i.  189 

—  apenninum  (seedling),  i.  191,  fig. 
187 

—  rosmarinifolium  (seedling),  i.  192 

—  vulgare  (seedling),  i.  192 
Helianthus  annuus  (seed),  ii.  115 

—  cucumerifolius  (seed  and  seedling), 
ii.  115,  fig.  459 

Heliophila  (seeds),  i.  138 

—  amplexicaulis  (seedling),  i.  159,  fig. 
167 

—  crithmifolia  (seed  and  seedling),  i. 
158 

—  pilosa  (seed),  i.  69,  fig.  115  ;  158, 
fig.  166 

Heracleum  Sprengelianum  (seedling), 
ii.  38 

—  villosum  (seedling),  ii.  39,  fig.  416 
Heritiera  littoralis  (seed),  i.  264,  271 
Hermannia  cuneifolia  (seedling),  i.  273 
Herniaria  hirsuta,  seed,  ii.  413,  fig. 

605  ;  seedling,  ii.  414,  fig.  606 
Hesperis  bituminosa  (seedling),  i.  154 

—  matronalis,  seed,  i.  30,  figs.  71,  72  ; 
153,  fig.  162  ;  seedling,  i.  153 

—  nivea  (seedling),  i.  154 


IMP 

Heterocarpism,  i.  120 

Heterospermum  diversifolimn  (seed- 
ling), ii.  116 

Heuchera  Drummondi  (seedling),  i. 
508 

Hevea  brasiliensis  (seed),  ii.  482 

—  Spruceana  (seedling),  ii.  483,  fig. 
641 

Hibbertia  dentata  (seedling),  i.  99 
Hibiscus   Abelmosclius  (seedling),  i. 
254 

—  brasiliensis  (seedling),  i.  255 

—  pedunculatus  (seedling),  i.  253,  fig. 
213 

—  phoenieeus  (seedling),  i.  256 

—  Sabdariffa  (seed),  i.  252 

—  tortuosus  (seedling),  i.  257 

—  Trionum  (seedling),  i.  255 

—  vitifolius  (seedling),  i.  254 
Hippophae  rhamnoides,  seed,  i.  24, 

fig.  53  ;  seedling,  i.  12,  fig.  14  ;  seed 
and  seedling,  ii.  465,  fig.  635 
Hiptage  Madablota  (seed),  i.  293 
Hovea  longifolia  (seedling),  i.  403 
Hoya   viridiflora  (seedling),  ii.  230, 

fig.  520 
HujvnEiACE2E,  i.  290 
Humulus  japonicus  (seed  and  seed- 
ling), ii.  496 

—  Lupulus  (seed),  ii.  495 
Htbeochabideje,  ii.  559 
Hydrocotyle  vulgaris  (seedling),  ii.  25, 

fig.  405 
Hydkophyllacb^,  ii.  246 
Hygropbila  longifolia  (seedling),  ii. 

354 

Hymentea  Gourbaril  (seedling),  i.  466, 
fig.  305 

Hypecoum  procumbens,  seed,  i.  129 ; 
seedling,  i.  130,  fig.  153 

HYPEKICINEiE,  i.  231 

Hypericum  Androsremum  (seedling),  i. 
232,  fig.  207 


Iberis  corifolia  (seedling),  i.  171 

—  Lagascana  (seedling),  i.  171 

—  pectinata  (seedling),  i.  172 

Ilex  Aquifolium  (seedling),  i.  337,  fig. 
240 

—  myrtifolia  (seedling),  i.  339,  fig.  241 
Ilicine.?e,  i.  337 

Illecebeace/13,  ii.  410 

Illecebrum  verticillatum  (seedling),  ii. 

412,  fig.  603 
Impatiens  (cotyledons),  i.  801 

—  Balsamina  (seedling),  i.  12,  fig.  12  ; 
315,  fig.  234 
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Impatiens  fruticosa  (seedling),  i.  316, 
fig.  235 

—  parviflora  (seed),  i.  42,  fig.  82  ;  314, 
fig.  233 

Incarvillea  compacta  (seedling),  ii.  343 
~  Olgro  (seedHng),  ii.  343,  fig.  573 
Incumbent  cotyledons,  i.  36 
Indigofera  australis  (seedling),  i.  420, 

fig.  274 
IngesB,  i.  399 

Ipomoea,  seeds  and  cotyledons,  ii.  269  ; 
seedlings,  ii.  271 

—  dasysperma  (seed  and  embryo),  i. 
46,  fig.  89 

—  disseeta  (seedling),  ii.  282,  fig.  542 
■ —  hispida  (seedling),  ii.  279,  fig.  541 

—  Nil  (seedUng),  ii.  281 

— •  palmata  (seedling),  ii.  283 

—  Pes-capr£e  (seed  and  seedling),  ii. 
275 

—  purpurea  (seed  and  embryo),  i.  45, 
fig.  88;  ii.  277 

—  Quamoclit,  seed,  ii.  278,  fig.  539  ; 
seedling,  ii.  279,  fig.  540 

—  Eoxburghii  (seed  and  seedling),  ii. 
280 

Ibidem,  ii.  571 

Iris  pseudacorus  (germination),  ii.  571 

—  sibirica  (germination),  ii.  572 

—  Xiphion  (germination),  ii.  572 
Isatis  tinctoria  (seed),  i.  172,  fig.  174 
Isopyrum  fumarioides  (seedlings),  i.  94 

—  grandiflorum  (seedling),  i.  93 

Ixia  crateroides  (germination),  ii.  571 
Ixora  congesta  (seed),  ii.  69,  fig.  434 

—  parviflora  (seedling),  ii.  69 


Jacquinia  ruscifolia  (seedling),  ii.  196 
Jatropha  (seedlings),  ii.  474 

—  Curcas  (seed  and  seedling),  ii.  484, 
fig.  642 

—  multifida  (seedling),  ii.  486 

—  podagrica  (seedling),  ii.  485,  fig. 
G43 

JuGIiANDEifE,  ii.  506 

Juglans  (development  of  fruit  and 
seed),  ii.  510 

—  nigra  (fruit  and  seed),  ii.  517 

—  regia,  fruit  and  seed  and  their 
development,  ii.  514,  515  ;  seedling, 
ii.  516,  fig.  661 

Justicia  bracteata  (seedling),  ii.  363 

—  procumbens  (seedling),  ii.  363 


Lablvt/e,  ii.  374 

Laburnum  vulgare,  seedling,  i.  15,  fig. 


LIN 

26  ;  408,  fig.  267  ;  seed,  i.  34,  fig.  69 ; 
407,  fig.  266 
Lactuca  IfEvigata  (seedling),  ii.  159,  fig. 
488 

Lagunaria  Patersonii  (seedling),  i.  257, 
fig.  214 

Lallemantia  canescens  (seedling),  ii. 
387 

—  iberica  (seedling),  ii.  388 

—  peltata  (seed),  ii.  387 
Lambertia  formosa  (seedling),  ii.  453, 

fig.  627 

Lasiopetalum  dasyophyllnm  (seedling), 
i.  273 

—  ferrugineum  (seedling),  i.  75,  fig. 
119  ;  274,  fig.  220 

Lasthenia  glabrata  (seedling),  ii.  125 

—  obtusifolia  var.  (seed),  ii.  126 
Lathyrus  Aphaea  (seedling),  i.  439,  fig. 

285 

—  articulatus  (seedling),  i.  439 

—  Nissolia  (seedling),  i.  437,  fig.  284 
Lavatera  trimestris  (seedling),  i.  246 
Layia  elegans  (seedling),  ii.  124 

—  heterotricba  (seedling),  ii.  124,  fig. 
466 

—  platyglossa  (seed),  ii.  124 
Lecythis  Ollaria?  (seedling),  i.  540, 

fig.  349 

—  Zabucajo,  i.  526 ;  seedling,  i.  538, 
fig.  348 

Leguminos^,  i.  382 
Lepidium  graminifoUum,  seed,  i.  52, 
figs.  99, 171 ;  seedling,  i.  168,  fig.  173 

—  sativum,  seed,  i.  52,  fig.  100 ;  167, 
fig.  171 ;  seedling,  i.  3,  figs.  4,  172 

—  spinosum  (seedling),  i.  169 
Lespedeza  angustifoUa  (seedling),  i. 

437 

Lettsomia  aggregata  (seedling),  ii.  275 
Leucsena  glauca  (seedling),  i.  470,  fig. 
307 

Leuceria  senecioides  (seedling),  ii.  156 

Leucospermum  conocarpum  (seed- 
ling), ii.  451,  fig.  626 

Ligustrum  japonicum  (seed  and  seed- 
ling), ii.  216 

LiLiACE.i:,  ii.  577 

Limnanthes  Douglasii  (seedling),  i. 

310,  fig.  230 
Limonia  acidissima  (seedling),  i.  322 
Linaria,  seeds,  ii.  302 ;  seedlings,  ii. 

307 

—  alpina  (seed),  ii.  310 

—  bipartita  (seedling),  ii.  312,  fig. 
553 

—  Cymbalaria,  seed,  ii.  313,  fig.  554  ; 
seedlinp,  ii.  313,  fig.  555 
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Linaria  genistifolia  (seed  and  seed- 
ling), ii.  310 

—  purpurea  (seed),  ii.  308 

—  repens  (seed),  ii.  308 

—  reticulata  (seed),  ii.  311 

—  saxatilis  (seed),  ii.  309 

—  striata  (seedling),  ii.  311 

—  tristis  (seedling),  ii.  314 

—  vulgaris  (seed),  ii.  308,  fig.  552 
LiNEiE,  i.  287 

Linum  (fruit  and  seed),  i.  288 

—  campanulatum  (seedling),  i.  290 

—  monogynum  (seedling),  i.  13,  fig. 
19;  289,  fig.  227 

—  perenne  (seedling),  i.  289 
Lithospermum   officinale   (seed  and 

seedling),  ii.  264,  fig.  538 
Loasa  lateritia  (seedling),  i.  579,  fig. 
371 

—  papaverifolia  (seedling),  i.  580 

—  prostrata  (seedling),  i.  579,  fig.  370 

—  vulcanica  (seedling),  i.  581 
LoASEiE,  i.  578 

Lobed  cotyledons,  i.  40 

Lonas  inodora  (seed  and  seedling),  ii. 

128,  fig.  469 
Lonchocarpus  latifolius  (seedling),  i. 

452,  fig.  292 
Lonicera  media  (seedling),  ii.  59 

—  Munroi  (seedling),  ii.  57,  fig.  427 

—  Periclymenum  var.  (seed),  ii.  57 
Lopezia  coronata  (seedling),!.  578 
Loteee,  i.  388 

Lotus  peliorhynchus  (seedling),  i.  420 

—  Tetragonolobus  (seedling),  i.  419 
Lourea  VespertUionis  (seedling),  i.  436, 

fig.  283 

Lucuma  sp.  (seedling),  ii.  198,  200,  fig. 
507 

Lunaria  biennis  (seedling),  i.  149 
Lupinus  (cotyledons),  i.  387 

—  arboreus  (seedling),  i.  405,  fig.  264 

—  micranthus  (seedling),  i.  406 

—  sulphm-eus  (seedling),  i.  406,  fig.  265 
Lychnis  Githago  (seedling),  i.  219 
Lycium  afrum  (seedling),  ii.  296 
Lycopersicum  esculentum  (seedling), 

ii.  292 

Lysimachia  ciliata  (seedling),  ii.  185, 

fig.  501 
Lythrakie/e,  i.  547 
Lythrum  flexuosum  (seedling),  i.  551 


Madura  aurantiaca  (seedling),  ii.  498 
Madia  elegans  (seedling),  ii.  124 
Mcesa  argentea  (seedling),  ii.  190 
Magnolia,  i.  102 


M-ES 

MAGN0LIACE2E,  i.  102 

Mallow  (embryo),  i.  41,  figs.  79-81 

MALPIGHIACEiE,  i.  291 

Malva  moschata  (seedling),  i.  18,  fig. 
35  ;  247,  fig.  211 

—  rotundifolia  (cotyledons),  i.  248 

—  sylvestris  (cotyledons) ,  i.  248 
MAivACEiE,  i.  243 

Malvastrum  peruvianum  (seedling),  i. 
249 

Malvaviscus  arboreus  (seedling),  i.  252 
Mamillaria  Goodriehii  (seedling),  ii.  7 

—  longimamma  (embryo),  ii.  5 
Mandevilla  suaveolens  (seedling),  ii. 

222 

Mangifera  indica  (seedling),  i.  374,  fig. 
257 

Maranteffl,  ii.  567 
Martynia  (seedlings),  ii.  346 

—  fragrans  (seedling),  ii.  348 

—  proboscidea  (seed  and  seedling),  ii. 
347 

Matricaria  globifera  (seedling),  ii.  133 

—  nigellsefolia  (seedling),  ii.  132,  fig. 
473 

—  Parthenium  (seedling),  ii.  133 
Matthiola  bicornis  (seedling),  i.  145, 

fig.  157 

—  incana  (seedling),  i.  144,  fig.  156 
Maytenus  boaria  (seedling),  i.  344,  fig. 

244 

Meconopsis  cambrica,  i.  125 ;  seed,  fig. 

148  ;  seedling,  fig.  149 
Medicago  lupulina  (seed),  i.  415 

—  orbicularis  (germination),  i.  415,  fig. 
271 

—  sativa  (seed),  i.  415 
Megarrhiza  calif ornica  (seedling),  i. 

597 

Melaleuca  hypericifolia  (seedling),  i. 
529 

Melastomace^e,  i.  543 
Melia  Azedarach  (seedling),  i.  335,  fig. 
238 

Meliaceje,  i.  334 

Melianthus  major  (seedling),  i.  366 
Melilotus  leucantha  (seedling),  i.  417 

—  officinalis  (seedling), i.  416 
Meliosma  Arnottiana  (seedling),  i.  369 

—  pungens  (seedling),  i.  368,  fig.  254 
Menispermaceze,  i.  106 
Menispermum   canadense,  seed  and 

germination,  i.  22,  fig.  49  ;  107,  fig. 
140;  seedling,  i.  13,  fig.  18;  108, 
fig.  141 

Menonvillea  trifida  (seedling),  i.  170 
Mercurialis  annua  (seedling),  ii.  487 
Mesembryanthemum  (seedlings),  ii.  14 
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Mesembryanthemum  eohinatum  (seed- 
ling), ii.  15,  fig.  402 

—  pinnatifidum  (seedling),  ii.  IG 

—  tricolorum  (seedling),  ii.  14,  fig.  401 
Mesua  ferrea  (seedling),  i.  235 
Microloma  sp.  (seedling),  i.  16,  fig.  29 ; 

ii.  226,  fig.  516 
Microseris  Bigelovii  (seedling),  ii.  158 
MiMosEiE,  i.  398 

Mimulus  luteus  (seedling),  ii.  319,  fig. 
560 

Mimusops  Balata  (seedling),  ii.  201 
Mirabilis  (seedlings),  ii.  402 

—  dichotoma  (seedling),  ii.404,  fig. 601 

—  longiflora  (seedling),  ii.  404 

—  multiflora  (seedling),  ii.  405 
Mitella  Breweri  (seedling),  i.  507 
Modecca  trilobata  (seedling),  i.  590, 

fig.  379 

Modiola  multifida  (seedling),  i.  250, 
fig.  212 

Momordica  involucrata  (seedling),  i. 
601 

—  muricata  (seedling),  i.  601,  fig.  384 
Monardella  Pringlei  (seedling),  ii.  379 
Moricandia  arvensis  (seedling),  i.  165 

—  hesperidiflora  (seedling),  i.  165 
Morinda  tinctoria  (seedling),  ii.  71 
Moringa  aptera  (seedling),  i.  381 
MoEiNGEs;,  i.  381 

Moras  alba  (seedling),  ii.  499 
Moscharia  pinnatifida  (seed),  i.  24,  fig. 
54  ;  ii.  157,  fig.  485 

—  rosea  (seedling),  ii.  157,  fig.  486 
Murraya  exotica  (seedling),  i.  323 
Musa  Ensete  (embryo),  ii.  569 
Musete,  ii.  568 

Mutisia  copiapina  (seedling),  ii.  155 

—  ilicifolia  (seedling),  ii.  155,  fig.  483 
Myosotis  arvensis  (seed),  ii.  263 
Myrica  californica  (seedling),  ii.  523, 

fig.  663 
Myeicace^,  ii.  522 

Myroxylon  peruiferum  (seedling),  i.  454 
Mybsinb;e,  ii.  187 
MYKTACEa:,  i.  523 


Narrow  cotyledons,  i.  21 
Nasturtium  sylvestrc  (seedling),  i.  146 
NaviEa  phcBnicea  (seedling),  i.  248 
Navarettia  involucrata  (seedling),  ii. 
244 

Nemophila  (cotyledons),  ii.  247 

—  insignis  (seedling),  ii.  249 

—  maculata  (seed  and  seedling),  ii. 
248,  fig.  530 


OLE 

Nemophila    parviflora    (seed  and 
seedling),  ii.  249 

—  phacelioides  (seedling),  ii.  249 
Nepeta  Glechoma  (seedling),  ii.  386 

—  nuda,  seed,  ii.  385,  fig.  593  ;  seed- 
ling, ii.  385,  fig.  594 

—  tuberosa  (seedling),  ii.  387 
Nigella  sativa  (seedling),  i.  91,  fig.  132 
Nolana  atriplicifolia  (seed),  ii.  288 
 var.  (seedling),  ii.  289,  fig.  543 

—  sp.  (seedling),  ii.  289 
Nuphar  lutea,  i.  118 
Nyctagine/e,  ii.  400 
Nymphaea  alba,  i.  118 

—  Lotus  var.  (seedling),  i.  117 

NxMPHiEACEiE,  1.  114 


Oak,  seed  of,  i.  71,  fig.  116 

Ocbna  Kirkii  (seed  and  seedling),  i. 

330,  fig.  236 
OcHNACEa:,  i.  329 

Ochthodium   tegyptiacum  (fruit  and 

seed),  i.  172,  fig.  175 
Ocimum  Basilicum  (seedling),  ii.  378 
Odina  Wodier  (seedling),  i.  379 
Odontospermum  spinosum  (seed  and 

seedling),  ii.  114 
(Enothera  (seedlings),  i.  556 

—  biennis,  development  of  cotyledons, 
i.  569  ;  seed,  i.  567,  fig.  364 ;  seed- 
ling, i.  567,  fig.  365 

—  bistorta,  development  of  cotyledons, 
i.  574,  figs.  367,  368;  seedHng,  i.  60, 
fig.  105 

—  contorta  (seedling),  i.  576 

—  fruticosa  (seedling),  i.  564 

—  Lamarckiana  (development  of  coty- 
ledons), i.  569 

—  Lindleyana  (seed,  development  of 
cotyledons,  and  seedling),  i.  570 

—  macrantha  (seedling),  i.  574,  fig. 
369 

i  —  purpurea  (seedling),  i.  573 

—  Eomanzowii  (development  of  coty- 
ledons), i.  573 

—  rosea  (seedling),  i.  566 

—  stricta,  development  of  cotyledons, 
i.  570,  fig.  366 ;  seedling,  i.  64,  fig. 
110 

—  taraxacifolia  (seedling  and  develop- 
ment of  cotyledons),  i.  566,  fig.  363 

—  tenella  var.  (development  of  cotyle- 
dons), i.  573 

Olea  cuspidata  (seedling),  i.  14,  fig. 
20  ;  ii.  215,  fig.  513 

OLEACEiE,  ii.  210 
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OMP 

Omphalocles  linifolia  (seedling),  ii. 
2G1 

Onagrarie.'e,  i.  553 

Ononis  altifssima  {seecl),i.  411,  fip;.  2G9 

—  Natrix  (seedling),  i.  412,  fig.  270 
Opuntia  basilaris  (seedling),  ii.  10,  fig. 

"398 

—  Dillenii  (seed),  ii.  11,  fig.  399 

—  Labouretiana  (seedling),  ii.  12 

—  ocoidentalis  (seedling),  ii.  12,  fig. 
400 

—  Eafinesquii  (seed),  ii.  10 
Orange  (polyembryony),  i.  318 
Orchide^,  ii.  563 

Ornithopus  repandus  (seedling),  i.  430 
Orphium  frutescens  (seedling),  ii.  235, 
fig.  524 

Orychophragmus  sonchifolius  (seed- 
ling), i.  165 

Osbeekia  capitata  (seedling),  i.  544, 
fig.  351 

Osyris  abyssinica  (seedling),  ii.  469 

—  compressa  (seedling),  ii.  469,  fig. 
636 

Ovule  and  seed,  i.  4 
Oxalis  cornieulata  (seedling),  i.  313, 
fig.  232 

—  sensitiva  (seedling),  i.  313 
Oxybaphus  (seedlings),  ii.  402 

—  elegans  (seedling),  ii.  406 

—  nyctagineus  (seedUng),  ii.  405 

—  ovatus  (seedling),  ii.  406 

—  viscosus  (seedling),  ii.  406 


Pachyrhizus  angulatus  (seedling),  i. 
448 

Palm;e,  ii.  580 

Papaver  orientale  var.  (seedling),  i.  122 

—  spicatum  (seedLing),i.  123 

—  villosum  var.  (seedling),  i.  122,  fig. 
145 

Papaveeace.e,  i.  119 
Papimonace.^;,  i.  386 
Parameria  glandulifera  (seedling),  ii. 
221 

Parietaria  officinalis  (seed),  ii.  503 
Paronychia  dichotoma  (seedling),  ii. 

412,  fig.  604 
Parthenocissus  tricuspidata  (seedling), 

i.  348 

Passiflora  Cferulea  (seedling),  i.  58G, 
fig.  375 

—  Leschenaultii  (seedling),  i.  584 

—  macrocarpa,  seed,  i.  585,  fig.  873  ; 
seedling,  i.  586,  fig.  374 

Passift.ore^,  i.  582 


PIC 

Paulo%vnia  imperialis   (seedling),  ii. 

317,  fig.  558 
Pavetta  madagascariensis  (seedling) 

ii.  70,  fig.  435 

—  speoiosa  (cotyledons),  ii.  70 
Pavonia  hastata  (seedling),  i.  250 
PedalinejE,  ii.  345 
Pedicularis  sp.  (seedling),  ii.  327 
Pelargonium  australe  (seedling),  i.  17, 

fig.  34  ;  309,  fig.  229 

—  bipinnatifidum  (seedling),  i.  309 
Peltogyne  sp.  (seedling),  i.  465 
Pentapetes  phoenicea,   seed    i.  266, 

272;  seedling,  i.  19,  fig.  272, 
fig.  219 

Pentstemon  Mackayanus  seedling), 
ii.  318 

Pentzia  virgata  (seedling),  ii.  135 
Peperomia  fernandeziana  (seedling), 
ii.  448 

Perilla  nankinensis  (seedling),  ii.  379, 
fig.  587 

Periploca  leevigata  (seed  and  seedling), 
ii.  225 

Peristrophe  bicalyculata  (seedling),  ii. 
365 

—  speoiosa  (seedling),  ii.  364,  fig.  583 
Petalostigma  quadriloculare  (seedling), 

ii.  482 
Petioles,  i.  37 

Petiveria  octandra,  embryo,  i.  32, 
fig.  65 ;  seed,  ii.  433,  fig.  616  ;  seed- 
ling, ii.  433,  fig.  617 

Peucedanum  sativum  (seedling),  ii.  37, 
fig.  415 

Phacelia  bipinnatifida  (seedling),  ii. 
251 

—  tanacetifolia  (seed  and  seedling), 
ii.  250,  fig.  531 

PhaseolesB,  i.  394 

Phaseolus  multiflorus  (seed),  i.  24,  fig. 
51  ;  446,  fig.  289 

—  vulgaris  var.  (seedling),  i.  44G, 
fig.  290 

Phaylopsis  parviflora   (seedling),  ii. 

356,  fig.  678 
Philadelphus  gracilis  (seedling),  i.  508, 

fig.  328 

Phyllanthus flaecidus  (seedling), ii.  481, 
fig.  640 

Phyllocactus  stenopetalus  (seedling), 

ii.  10,  fig.  397 
Phytolacca  abyssinica   (seedling),  ii. 

4.34,  fig.  618 

—  acinosa  (seed),  ii.  434 

—  pruinosa  (seed),  ii.  434 

PHYT0LACCACE.T3,  ii.  429 

Picea  orientalis  (seedling),  ii.  555 


II. 
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Pink  (seedling),  i.  14,  fig.  22 
Pinus  (seedlings),  ii.  549 

—  halepensis  var.  (seedling),  ii.  555 

—  Pinaster  (seed),  ii.  553 

—  rigida  (seedling),  i.  52,  fig.  98 ;  ii. 
554,  fig.  678 

—  sylvestris  (seedling),  ii.  555 

Piper  celtidifolium  (seedling),  ii.  447, 

fig.  625 
PiPEBACE.^,  ii.  446 

Pithecoctenium  muricatum  (seedling), 

ii.  338,  fig.  570 
Pithecolobium  Saman  (seedling),  i.  475 
P1TTOSPOBE.E,  i.  200 
Pittosporum  (cotyledons),  i.  200 

—  crassifolium  (seedling),  i.  202,  fig. 
193 

—  erioloma  (seedling),  i.  203 

—  parvitlorum  (seedling),  i.  202 

—  phillyrEeoides  (seedling),  i.  201,  fig. 
192 

—  undulatum  (embryo),  i.  200 
Plantagine^,  ii.  391 

Plantago,  seed  and  embryo,  i.  66 ; 
seeds,  ii.  391;  seedlings,  ii.  393 

—  arenaria  (seed  and  seedling),  ii. 
397 

—  callosa  (seedling),  ii.  399 

—  Coronopus  (seed  and  seedling),  ii. 
396,  fig.  599 

—  Cynops  (seed),  ii.  398 

—  gnaphalioides  (seedling),  ii.  398 

—  lanceolata  (seed),  i.  67,  fig.  113  ;  ii. 
399,  fig.  600 

—  major  (seed),  ii.  396 

—  maritima  (seed),  ii.  400 

—  media,  seed,  i.  66,  fig.  112  ;  ii.  394, 
fig.  597  ;  seedling,  ii.  395,  fig.  598 

—  striata  (seed),  ii.  400 

PLATANACE.E,  ii.  504 

Platanus  occidentalis  (seedling),  ii.  506 

—  orientalis,  fruit  and  seed,  i.  21, 
fig.  45  ;  ii.  505,  fig.  652  ;  seedling, 
i.  10,  fig.  8  ;  ii.  506,  fig.  653 

Platystemon  californicus  (seedling),  i. 

123,  fig.  140 
Plectronia  ventosa  (seedling),  ii.  68 
Plumbagine.^,  ii.  172 
Plumeria  alba  (seedling),  ii.  219,  fig. 

514 

Pocockia  cretica  (seedling),  i.  413 
Podalyria  australis  (seedling),  i.  400 
PodalyrieflB,  i.  386 

Podophyllum  Emodi  (seedling),  i.  114, 
fig.  144 

Poinciana  Gilliesii  (seedling),  i.  456, 

fig.  298 
PoLK.MONiAc  r./r.,  ii.  237 


QUE 

Polemonium  cceruleum  vai'.  (seedling), 
ii.  243 

Polygala  rarifolia  (seedling),  i.  207, 
fig.  195 

POLYGALE^,  i.  205 
POLYGONACE/E,  ii.  435 

Polygonum  sphffirostachyum  (seed- 
ling), ii.  439 

Portulaca  grandiflora,  cotyledons,  i. 
225  ;  seedling,  i.  226 

P0ETDLACE.E,  i.  224 

Potentilla  anserina  (seedling),  i.  491, 
fig.  316 

—  argyrophylla  (seedling),  i.  490 

—  bifurca  (seedling),  i.  492,  fig.  317 

—  fulgens  (seedling),  i.  488,  fig.  315 

—  reptans  (seedling),  i.  487,  fig.  314 
Poterium  Sanguisorba,  seed,  i.  42,  fig. 

83  ;  495,  fig.  320  ;  seedUng,  i.  19, 
fig.  42  ;  496,  fig.  321 
Primula  (seedUngs),  ii.  177,  178 

—  denticulata  (seedling),  ii.  179 

—  elatior  (seedling),  ii.  179,  fig.  497 

—  sinensis  (seedling),  ii.  181,  fig.  499 

—  vulgaris  (seedling),  ii.  180,  fig.  498 

PEIMULACEaS,  ii.  177 

Prosopis  juliflora  (seedling),  i.  469 
Protea  meUifera  (seedling),  ii.451 
Proteace;e,  ii.  448 
Psidium  sp.  (seedling),  i.  535 
Psoralea  sp.  (seedling),  i.  420 
Psychotria  sp.  (seedling),  ii.  71,  fig.  437 
Ptelea  aptera  (seedling),  i.  321 

—  trifoliata  (seedling),  i.  322 
Pterocarpus  Eohrii  (seedling),  i.  451 
Pterocarya  caucasica,  nut  and  seed,  i. 

49,  fig.  95  ;  development  of  fruit  and 
seed,  ii.  507,  figs.  655-60 ;  512  ; 
518  ;  seedling,  i.  19,  fig.  41 ;  ii.  521, 
fig.  662  ... 
Pterostegia  drymarioides  (seedling),  n. 
438 

Ptychotis  Ajowan,  seed,  ii.  32,  fig.  411 ; 
seedling,  ii.  33,  fig.  412 

Pueraria  Thunbergiana  (seedling),  1. 
444,  fig.  288 

Punica  Grana-tum,  seed,  1.  551 ;  seed- 
ling, i.  552,  fig.  355 

PjTUS  Aucuparia  (seedhng).  1.  499,  tig. 
323 

—  Malus  (seedling),  i.  500 

Quercus  (seedlings),  ii.  '"30 

—  Ilex  (seedling),  ii.  536,  lig.  670 

—  pedunculata,  development  of  fruit 
and  seed,  ii.  534,  fig.  669 ;  frmt, 

i.  71,  fig.  116;  ii.  528  ;  seedhng, 

ii.  536 
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Ramlia  Mussitnidaj  (seedling),  ii.  64. 
tig.  428 

lUNONCUIACEffi,  i.  78 

Eanunculus   acris   (seedling),  i.  87, 
fig.  126 

—  arvensis  (seedling),  i.  88,  fig.  127 

—  Boi-ffianus  (cotyledons),  i.  89 

—  Brutius  (cotyledons),  i.  89 

—  caucasicus  (cotyledons),  i.  89 

—  cortuseefolius  (cotyledons),  i.  89 
 Cymbalaria  (germination  and  seed 

ling),  i.  86,  fig.  125 

—  Flammula  (cotyledons),  i.  89 

—  hederaceus  (seedling),  i.  89,  fig- 128 

—  macrophyllus  (cotyledons),  i.  89 

—  millefoliatus  (seedling),  i.  88 

—  repens  (seedling),  i.  89,  fig.  129 

—  Stevensi  (cotyledons),  i._89 

—  tuberosus  (cotyledons),  i.  89 
Eaphanus  sativus,  seed,  embryo,  and 

seedling,  i.  31,  fig.  62  ;  seedling,  i. 
178,  fig.  179 
Eelation  of  the  seedling  to  the  seed,  i. 
75 

Eelhania  sessiliflora  (seedling),  n.  114 
Eeseda  alba  (seedling),  i.  185,  fig. 
185 

—  luteola  (seedling),  i_.  186 

—  odorata  (seedling),  i.  187 
Eesedacete,  i.  184 

Retama  Eoetam  (seedling),  i.  409 
Ehagadiolus  stellatus  (seed  and  seed- 
ling), ii.  158,  fig.  487 
Ehamne^!,  i.  344 

Ehamnus  davuricus  (seedling),  i.  346, 
fig.  245 

Ehaphithamnus  longiflorus  (seedhng), 
ii.  371 

Eheum  officinale  (seedhng),  n.  442, 
fig.  622 

—  palmatum  (seed),  ii.  441,  fig.  621 
Ehexia  Mariana  (seedling),  i.  645,  fig. 

352  .. 
Ehodochiton   volubile   (seedling),  ii. 

315,  fig.  556  .  .. 

Ehododendron  arboreum  (seedling),  ii. 

171,  fig.  494 
Ehodoleia  Championi  (seed),  i.  519, 

fig.  334 

Ehodomyrtus  tomentosa  (seedling),  i. 
537 

Ehus  Thunbergiana  (seedling),  i.  20, 
fig.  44  ;  372,  fig.  255  _ 

—  typhina  (seedling),  i.  13,  fig.  17 ; 
373,  fig.  256 

Eibes  glutinosum  (seed),  i.  510,  fig. 
330 

—  nigrum  (seedling),  i.  511 


SAP 

Eibes  saxatile  (seedling),  i.  510,  fig 

331  ^  ^ 

Eicinus  communis  (seed  and  seedling), 
ii.  487,  fig.  644  _ 

—  sanguineus,  seed,  i.  24,  fig.  52  ; 
seedling,  i.  11,  fig.  If 

Eicotia  Lunaria  (seedling),  i.  150 
Eivina  lajvis,  seedhng,  i.  12,  fig.  15  ; 

seed  and  seedhng,  u.  431,  fig.  615  _ 
Eobinia  Pseud-Acacia   (seedling),  i. 

422,  fig.  275 
Eodgersia  podophyha   (seedhng),  i. 

505,  fig.  326 
Eoemeria  refracta  (seedling),  i.  128 
Eomanzoffia  sitchensis  (seedling),  u. 

252 

Eosa  berberidifoha  (seedling),  i.  497, 
fig.  322 

—  rugosa  var.  (seedhng),  i.  498 
EosACEa:,  i.  476 

Eoupala  sp.  (seedhng),  ii.  452 
Eubia  cordifoha  (seedhng),  u.  72,  fig. 
438 

EuBiACBa;,  u.  59 

Eubus  phoenicolasius  (seedhng),  i.  484, 
fig.  312 

—  rugosus  (seedling),  i.  485 
Eudbeckia  serotina  (seedling),  ii.  114 
EueUia  barbadensis  (seedling),  h.  355 

—  longifoha  (seed),  i.  25,  fig.  56  ;  u. 
354,  fig.  577 

EUTAGEJL,  i.  317 


SABIACEiE,  i.  367 

Sagina  procumbens  (seedling),  i.  221, 

fig.  201 
SALiciKEa;,  ii.  541 
Salix  cinerea  (seedhng),  ii.  542 

—  repens  (seedling),  ii.  542,  fig.  673 
Salsola  Tragus  (seedhng),  h.  428 
Salvia  argentea  (seed  and  seedling),  ii. 

382 

—  clandestina  (seedling),  ii.  383 

—  ColumbariiB  (seedhng),  ii.  381,  fig. 
590 

—  hispanica  (seedhng),  a.  382 

—  Sclarea  (seed),  ii.  381,  fig.  589 

—  triangularis  (seedling),  ii.  382 

—  verbenacoides  (seedling),  ii.  383, 
fig.  591 

Sambuous  nigra  (seed  and  seedhng), 

ii.  49,  fig.  420 
Santalace;e,  ii.  467 
Santalum  ellipticum  (seed),  ii.  468 
Sapindace/e,  i.  350 

Sapindus  inrequalis  (seedling),  i.  20, 
fig.  43  ;  360,  fig.  251 
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Saponaria  oalabrica  (seedling),  i.  218 

—  orientalis  (seedling),  i.  218 

—  Vaccaria  (seedling),  i.  218 
Sapotace^,  ii.  197 

Sarcostemma  brevistigma  (seedling), 

ii.  229,  fig.  519 
Sarracenia  (seeds),  i.  118 
Sabeaceniace^,  i.  118 
Satureia  hortensis  (seedling),  ii.  380 
Saxifraga  rotundifolia   (seedling),  i. 

507 

—  Stracheyi  (seedling),  i.  506,  fig.  327 
SAXIFRAQEa:,  i.  502 

Scabiosa  atropurpurea,  germination 
and  seedling,  ii.  93,  fig.  454  ;  flower, 
ii.  fig.  454 

—  australis  (seed,  germination,  and 
seedling),  ii.  89,  figs.  449,  450 

—  caucasica  (germination  and  seed- 
ling), ii.  95,  fig.  455 

—  Gramuntia  (germination),  ii.  93,  fig. 
453 

—  palasstina,  fruit  and  seed,  ii.  91, 
fig.  451 ;  germination,  ii.  92,  fig.  452 

—  rutsefolia  (seedling),  ii.  96,  fig.  456 
Scandix  Pecten-Veneris  (seedling),  ii. 

34 

ScMnus  MoUe  (seed,  germination,  and 
seedling),  i.  377,  fig.  259 

—  terebinthifolia,  seed  and  seedling, 
i.  379,  fig.  260  ;  seedling,  i.  15,  fig.  28 

Schizanthus  retusus  (seedling),  ii.  299, 
fig.  548 

Schizopetalon  Walkeri,  cotyledons,  i. 
51,  fig.  97  ;  139  ;  seed  and  seedling, 

i.  152,  figs.  160,  161 
Schubertia  grandifiora  (seedling),  ii. 

227 

Schwabea  ciliaris  (seedling),  ii.  363 

SciTAMiNEa;,  ii.  566 

Scleropus  amaranthoides  (seedling), 

ii.  418 

Scorpiurus  sulcata  (seedling),  i.  430  _ 
Scrophularia  chrysantha  (seedling),  ii. 
316 

—  sambucifolia  (seedling),  ii.  316, 
fig.  557 

SCROPHULAEINB^E,  ii.  301 

Sedum  asiaticum  (seedling),  i.  515 

—  Ehodiola  (seedling),  i.  514,  fig.  333 
Seeds,  size  of,  i.  56 

Selagine^e,  ii.  365 

Senebiera  didyma  (seedling),  i.  169 

Senecio  (cotyledons),  ii.  108 

—  cruontus  (seed  and  seedling),  ii. 
137 

—  elegans  (seedling),  ii.  142,  fig.  476 

—  erucffifolius,  cotyledons,  i.  48,  figs. 


SPI 

93,  94 ;  seed  and  seedling,  ii.  138, 
fig.  475 

Senecio  neelgherianus  (seedling),  ii. 
142 

—  polycephalus  (seedling),  ii.  144 

—  pulcher  (seedling),  ii.  139 

—  speciosus  (seedling),  ii.  143 

—  squalidus  (seedling),  ii.  141 

—  tetranthus  (seedling),  ii.  140 

—  viscosus  (seedling),  ii.  141 

—  vulgaris  (seedling),  ii.  140 
Sesbania  segyptiaca  (seed),  i.  423,  fig. 

276 

—  grandifiora  (seedling),  i.  425 

—  tomentosa  (seedling),  i.  424,  fig. 
277 

Sherardia  arvensis  (seedling),  ii.  78, 
fig.  444 

Sida  fallax  (seedling),  i.  249. 
Sidalcea  malvseflora  (seedling),  i.  246 
Sideroxylon  tomentosum  (seedling),  ii. 
201 

Silene  echinata  (seedling),  i.  218 

—  rubella  (seedling),  i.  219 
Silybum  Marianum  (seedling),  ii.  152, 

fig.  481 

SlMABTTBE.®,  i.  325 

Sisymbrium  officinale  (seed  and  seed- 
ling), i.  154,  fig.  163 

—  runcinatum  (seedling),  i.  156,  fig. 
164 

—  Sophia  (seedling),  i.  157,  fig.  165 
Sisyrinchium  (germination),  ii.  573 
Smyrnium  perfoliatum  (seedling),  i. 

39,  fig.  77  ;  ii.  29,  fig.  408 
SoLANACE^,  ii.  290 

Solanum  Dulcamara  (seedling),  ii.  294 

—  Fontanesianum  (seedling),  ii.  294, 
fig.  544 

—  giganteum  (seedling),  ii.  295 

—  Jacquinii  (seedling),  ii.  295 

—  quitoense  (seedling),  ii.  295 
Soldanella  sp.  (seedling),  ii.  184 
Sonchus  arvensis  (seedling),  ii.  160 

—  squarrosus  (seedling),  ii.  160 
Sophora  secundiflora  (seedling),  i.  452, 

fig.  293 
Sophorere,  i.  395 

Spartocytisus  nubigenus  var.  (seed- 
ling), i.  411 

Spathodea  campanulata,  i.  18,  fig-  36 
seedling,  ii.  342,  fig.  572 

Specularia  biflora  (seedling),  ii.  169 

—  castellana  (seedling),  ii.  168 
Spergula  arvensis  (seedling),  i.  223 

{  Spergularia  (seeds),  i.  212  ^ 
Spinacia  glabra  (seedling),  ii.  427,  hs- 
612 
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Spinacia  oleracea  (seedling),  ii.  428  • 
Spiraja  callosa  var.  (seedling),  i.  482, 
fig.  311 

—  opulifolia  (seedling),  i.  483 
Spraguea  umbellata  (seed),  i.  228,  fig. 

206 

Staohytai-phetamutabilis  (seedling),  u. 
369 

Stapelia  bufonia  (seedling),  ii.  232 

—  mutabilis  (seedling),  ii.  232 

—  variegata  (seedling),  ii.  282,  fig.  522 
Staphylea  pinnata  (seed),  i.  367 
Statice  leptostachya  (seedling),  ii.  175 

—  macrophylla  var.  (seedling),  ii.  174 

—  speciosa  (seedling),  ii.  174,  fig.  495 

—  Suworowi  (seedling),  ii.  175,  fig.  496 
Stenocarpus  salignus  (seedling),  ii.  459 
Stephanotis  floribunda  (seed),  ii.  229 

—  longiflora  (seedling),  ii.  230 
Sterculia  (seed),  i.  264 

—  fcBtida  (seed),  i.  268,  fig.  217 

—  heterophylla  (seedling),  i.  269,  fig. 
218 

Stebctoiace^,  i.  263 

Stratiotes  abides  (seed,  germination, 

and  seedling),  ii.  560 
Streptocarpus  (seedlings),  ii.  329 

—  Dunnii  (seedling),  ii.  332 

—  Eexii  X  (seedling),  ii.  330,  fig.  568 
Strobilanthes  callosus  (seed  and  seed- 
ling), ii.  357 

—  gossypinus  (seedling),  ii.  358 
STYLXDiEa:,  ii.  161 

Stylidium  adnatum  (seedling),  ii.  162, 

fig.  489 
SiyEACEa;,  ii.  205 

Styrax  japonicmn  (seedling),  ii.  209 

—  officinale  (seed),  ii.  208 
Succovia  balearica  (seedling),  i.  166 
Swainsonia  oncinotropis  (seedling),  i. 

426 

Swertia  corymbosa  (seedling),  ii.  237 
Sycamore,  fruit  and  embryo,  i.  23,  fig. 

50  ;  leaf  of,  i.  2,  fig.  2 
Symphoi-icarpus  racemosus  (seed),  ii. 

57 

Symplocos  paniculata  (seedling),  ii. 

207,  fig.  509 
Syringa  vulgaris  (seed),  ii.  212 

TabernsBmontana  amygdalifolia  (seed- 
ling), ii.  220 

Tacsonia  igneai  seed,  i.  588,  fig.  376  ; 
seedling,  i.  589,  fig.  377 

—  Van  Volxemii  (seedling),  i.  589,  fig. 
378 

Tagetes  glandulifera  (seedling),  ii.  127 

—  patula  (seedling),  ii.  126,  fig.  467 


TBI 

TAMAinsciNEffi,  i.  229 
Tamus,  leaf  of,  i.  2,  fig.  1 
Taxus  baccata  (seedling),  ii.  552,  fig. 
677 

Tecoma  Manglesii  (seedling),  ii.  341 

—  stans  (seedling),  ii.  341 

TEENSTECEMIACEiE,  i.  236 

Testudinaria  elephantipes  (germina- 
tion and  seedling),  ii.  576,  tig.  681 

Tetragonia  expansa,  embryo,  ii.  13 ; 
seed,  ii.  l7,  fig.  403;  germination, 
fig.  404 

"Teucrium  Botrys  (seedling),  ii.  389, 
fig.  595 

Thalictrum  minus  (seedling),!.  85, fig. 
124 

Thevetia  neriifolia  (seedling),  ii.  219 
Thladiantha  dubia  (seedling),  i.  602, 
fig.  385 

Threlkeldia  rostrata  (seedling),  ii.  428, 

fig.  613 
Thuja  (seedlings),  ii.  548 

—  gigantea  (seedling),  ii.  550,  fig.  676 

—  oecidentalis  (seedling),  ii.  550 
Thunbergia  alata  (seedling),  ii.  352, 

fig.  576 

—  reticulata  (seedling),  ii.  353 

THYMELajACEffi,  ii.  461 

Tilia,  seed  and  embryo,  i.  54,  fig.  102  ; 
embryo,  i.  277 

—  petiolaris  (seed),  i.  283,  fig.  224 

—  vulgaris,  cotyledons,  i.  279;  281, 
fig.  223  ;  seedling,  i.  53,  fig.  101 

TiLiACE^,  i.  275 

Torenia  Pournieri  (seedling),  ii.  320, 
fig.  561 

Tournefortia  ferruginea  (seedling),  ii. 

261,  fig.  536 
Trachymene  pilbsa  (seed and  seedling), 

ii.  26,  fig.  406 
Tragopogon  crocifolium  (seedling),  ii. 

161 

Tremandee.'e,  i.  204 
Trichosanthes  Anguina  (seedling),  i. 
598 

—  cucumerina  (seedling),  i.  598,  fig. 
381 

—  palmata  (seedling),  i.  599,  fig.  382 
TrifolieiE,  i.  388 

Trifolium  Boissieri  (seedling),  i.  417, 
fig.  272 

—  subterraneum  (seedling),  i.  418 
Trigonella  corniculata   (seedling),  i. 

414 

—  Foenum-graacum  (seedling),  i.  414 

—  gladiata  (seedling),  i.  414 
Triosteum  pinnatifidum  (seedling),  ii. 

56 
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Tripliasia  trifoliata  (polyeinbryony),i. 
318 

Tristania  conferta  (seedling),  i.  535, 
tig.  345 

Trollius  Leclfbouri  var.  (seedling),  i. 

<)1,  fig.  131 
Tropajolum  (seed  and  embi-yo),  i.  297 

—  aduncum  (seedling),  i.  312 

—  majus  (seedling),  i.  311,  tig.  231 
Tulipa  sp.  (seed  and  seedling),  ii.  579, 

tig.  683 

Tunica  pachygona  (seed),  i.  217 

—  prolifera  (seedling),  i.  217,  fig.  198 
Tupidanthus  calyptratus  (seedling),  ii. 

43 

Turnera  elegans  (seedling),  i.  581,  fig. 
372 

Tuknebace;e,  i.  581 
Tussilago  Farfara  (seedling),  ii.  136, 
fig.  474 

Tyrimnus  leucographus  (seedling),  ii. 
153 


Ulex  europasus  (seedling),  i.  409,  fig. 
268 

ULmus  (seedling),  ii.  495 
TJmbbllefbb.e,  ii.  18 
Ursinia  anthemoides    (seedling),  ii. 
148 

—  speciosa,  achene,  i.  22,  fig.  47 ; 
achene,  seed,  and  seedling,  ii.  147, 
fig.  478 

Urtica  dioica,  achene,  i.  43,  fig.  85 ; 

seed  and  seedling,  ii.  500,  fig.  650 
Ukticace^,  ii.  489 


Valeriana  officinalis  (seed  and  seed- 
ling), ii.  81 
Valeriane^e,  ii.  80 

Valerianella  Auricula  (germination  and 
cotyledons),  ii.  83 

—  coronata  (germination),  ii.  83,  fig. 
446 

Venidiura  calendulaceum  (seedling), 
ii.  149 

Verbena  Aubletia  (seedling),  ii.  371 

—  officinalis   (seedling),  ii.  369,  fig. 
584 

Verbenace/e,  ii.  367 
Veronica  (seeds),  ii.  303 

—  arvensis  (seed),  ii.  320,  fig.  562 

—  Buxbaumii  (seed),  ii.  321,  fig.  563 
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Veronica  hederajfolia  (seed  and  ger- 
mination), ii.  323,  figs.  564-566 

—  sp.,  hederaifolisB  aff.  (seedling),  ii. 
326 

—  salicif  olia  (seed  and  seedling),  ii.  325 

—  serpyllifolia  (seed),  ii.  325,  fig.  567 

—  Waldsteiniana  (seedling),  ii.  326 
Viburnum  (development  of  fruit  and 

seed),  ii.  46,  50,  fig.  421 

—  Lantana  (seed),  ii.  54 

—  lantanoides  (seed),  ii.  54,  fig.  424 

—  Lentago  (seed),  ii.  53,  fig.  423 

■ —  montanura  (seed),  ii.  55,  fig.  425 

—  Opulus  (fruit,  seed,  and  seedling), 
ii.  51,  fig.  422 

—  punctatum  (seedling),  ii.  56,  fig. 
426 

Viciea?,  i.  393 

Victoria  (seedling),  i.  116 

Vigna  lutea  (seedling),  i.  447 

—  vexillata  (seedUng),  i.  448 
Vimlnaria  denudata  (seedling),  i.  401, 

fig.  262 

Viola  (dispersal  of  seeds),  i.  194 

—  palustris  (seedling),  i.  196,  fig.  189 

—  tricolor  (seedUng),  i.  195,  fig.  188 

VlOLARIE^,  i.  193 

Vitex  trifolia  (seedling),  ii.  372,  fig. 

585 

Vitis  cebennensis  (seedling),  i.  349, 
fig.  248 

—  hypoglauca  (seedling),  i.  348,  fig. 
247 


Walnut  (development  of  fruit  and 

seed),  ii.  510 
Walsui-a  piscidia  (seedling),  i.  336, 

fig.  239 

Wigandia  Vigieri  (seedling),  ii.  253, 
fig.  532 

Wrightia  tinctoria  (seedling),  ii.  221 


Xanthochymus  pictorius  (seedling),  i. 
233,  fig.  208 


Zamia  integrifolia  (seedling),  ii.  558^ 
Zilla  myagroides,  seed,  i.  137,  175 ; 

seedling,  i.  176,  fig.  177 
ZingiberetD,  ii.  566 
Zollikoferia  sp.  (seedling),  ii.  160 
I  Zyoophvlle;e,  i.  294 
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